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Abstract 
Attracting, retaining, and educating engineering and technical talent is the key to success in the 21st Century. To 
address the needs of human talent, which is critical to developing and retaining an Industry 4.0-ready workforce, 
industry and educators must go beyond simply reskilling and upskilling initiatives. This work will present data from 
a multi-year empirical investigation to provide a deeper comprehensive understanding of the technical talent 
pipeline in the U.S.  For data collection, TTI’s TriMetrix DNA assessment suite was used. TriMetrix DNA 
assessments are used by both industry and education for professional development. The TTI TriMetrix® DNA 
assessment suite is designed to increase the understanding of an individual's talents in three distinct areas: 
competencies, motivators, and behavioral styles. A sample of 473 individuals across three segments of the talent 
pipeline will be investigated. The three segments include 1 - Next-Gen Leaders: Engineers from OEMs and Tier 1 
suppliers who have a Master’s degree and are emerging leaders in their organizations, 2 - Next-Gen Engineers: 
Undergraduate engineering students who are in their freshmen and junior years, and 3 - Next-Gen Skilled Trades: 
Individuals enrolled in two-year skilled trades programs such as robotics, cybersecurity, and welding. This research 
will profile the DNA composition of all three segments in terms of the professional competencies, motivational 
factors, and behavioral styles of the three groups. These data-driven insights will provide new insights that can guide 
industry and education collaborations to modify and strengthen the talent pipeline across the U.S. 
 
Keywords 
Talent Pipeline, Engineering Managers, Next-Gen Leaders, Next-Gen Engineers, Next-Gen Skilled Trades, 
Education, Industry 4.0 
 
Introduction: Multiyear Engineering Education Research and Development Initiative  
The research finding presented in this paper represent a subset of a large multiyear initiative funded by a consortium 
of industry partners, philanthropic organizations and state and local governments that focuses on engineering 
education reform and workforce development in the United States (see Exhibit 1). Specifically, this initiative was 
designed to instill an entrepreneurial mindset in engineers with the objective of creating a new emerging pipeline of 
engineering managers. In June 2010 twelve schools from across the U.S. opted into this project. For academic 
institutions to participate they had to meet three criteria: 1 – obtain IRB approval and meet institution requirements 
for human subject research, 2 – have a minimum of one faculty member dedicated as a principal investigator, and 3 
– be willing to create a master data base for multiyear studies with the goal of peer reviewed publications to support 
the development of entrepreneurial minded engineers and engineering managers.  
 

Exhibit 1. Multiyear Engineering Education Research and Development Initiative 
Industry Partners Philanthropic Organizations State and Local Governments 

Ford Motor Company 
Autodesk, Incorporated 
TTI Success Insights 

Kern Family Foundation 
Ford Foundation Fund 
Coleman Foundation 

Automation Alley 
Michigan Economic Development  
Oakland and Macomb Counties, MI 

Research Themes Research Themes Research Themes 
Trends shaping engineering ed 
Closing the engineering skills gap 
Industry 4.0 engineering talent  

Educating a new class of engineers 
Data-driven engineering typologies 
Multivariate mapping of skills 

Technology Industry Report 2019 
Technology Industry Report 2018 
I4.0 Roadmap for State of Michigan 

 
The Quest to Strengthen the Engineering Management Talent Pipeline 
In 2010 researchers Kriewall and Mekemson set forth the concept of Entrepreneurially minded engineers (EMEs). 
EMEs have not necessarily started a new businesses although they may have; they do, most often, work in 
established firms, and many work in Fortune 1000 companies (Kriewall and Mekemson, 2010). In addition to 
technical fundamentals EMEs have unique managerial characteristics associated with customer awareness, business 
acumen and social responsibility.  
 The Kern Entrepreneurship Education Network (KEEN), a network of private engineering schools across the 
U.S., in partnership with TTI Success Insights (TTI), a worldwide leader in personal and professional assessments 
undertook a multiyear project to create an EME industry benchmark and to build and apply education models to 
instill an entrepreneurial mindset in engineering students with the intent of bolstering the engineering management 
pipeline in the U.S.  



 3 

 The TTI TriMetrix DNA assessment suite was selected as the research instrument (see Exhibit 3). The TTI 
TriMetrix DNA assessment suite is an independently validated and compliment instrument that met IRB 
requirements at participating institutions and organizations. To date this instrument has been used by 15 universities 
and colleges for research and education reform purposes.  
 Building off this work Pistrui and Fry 2010, Pistrui et al. 2011, 2012 led a team of scholars who used the TTI 
TriMetrix DNA assessment suite to create a measurement model that empirically tested the ability to define and 
measure the behavior, motivators and competencies associated with EMEs. Drawing from a sample of 4,965 
undergraduate students, and 313 EMEs, Pistrui et al. 2012 employed a combination of descriptive and multivariate 
methods to map the behavioral styles, motivators, and personal and professional competencies of practicing EMEs 
to establish an industry benchmark and model to support engineering education reform.  
 Furthermore, this peer reviewed research mapped, analyzed, and compared the behavioral styles, motivators, 
and personal and professional competencies of EMEs, engineers and undergraduate engineering students across the 
U.S. The findings quantified specific attributes (leadership, conflict management, flexibility, goal orientation, 
persuasion, and futuristic thinking) that can be enhanced in the engineering and technical curriculum to facilitate the 
reinforcement and individual development of key EME attributes and skills valued in practice.  
 This research was taken further in the doctoral dissertation research of Dietrich (2012) who produced an 
additional independent empirical study using the same TTI TriMetrix DNA assessment suite instruments and 
methods.  Dietrich’s work was also able to quantitatively distinguish between engineers and entrepreneurially 
minded engineers in both behavior and mastery of professional skills in the workplace. 
 Most recently the research of Rayess et al. 2020, and Pistrui et al. 2021 has utilized the TTI TriMetrix DNA 
assessment suite instruments to identify clusters that delineated students into three distinct typologies: Steadiness 
Compliance (SC) typology describing engineers who value an orderly pace of work with a respect for processes and 
rules ; Influencing Steadiness (IS) typology describing engineers who value working and influencing people while 
maintaining an orderly pace; and Dominance Influencing (DI) typology describing engineers who are aggressive in 
the way they approach projects while working with people to achieve goals. These insights are being used to support 
the professional development of co-op students in the workplace including the identification of young engineers 
with managerial aspirations. 
 
The Industry 4.0 Talent Landscape and A Multi-Generational Workforce 
The rapid advance of digital technology is revolutionizing engineering and industry. The term “Industry 4.0” is now 
commonly used in reference to this revolution.  Industry 4.0 is a result of the convergence of digital, biological, and 
physical technologies.  Industry 4.0 dynamics are dramatically shaping the technical talent landscape.  
 Simultaneously, cultural changes are being driven by generational transition.  As the Baby Boomer generation 
(1946-64) exits the workforce, the Millennial generation (1981-96) and the Generation Z’ers (1997-2012) rise as the 
majority of the technical workforce.  The combination of technological and cultural change has made the 
transformation to Industry 4.0 difficult to manage, especially for legacy companies and small and medium sized 
enterprises.  
 This research seeks to build on the work of Kriewall and Mekemson, 2010, Pistrui et al. 2012, 
Rayess et al. 2020, Schwab (2016), Pistrui and Kleinke (2018, 2019) and Petrick, and McCreary (2019) to 
identify emerging trends, pinpoint challenges and gain data-driven insights into the forces shaping the 
technical talent pipeline and impacting engineering management. 
 
Empirical Investigation of Three Sectors of the Talent Pipeline 
This empirical investigation focuses on Southeastern Michigan and was conducted with the support of local 
industry, educational institutions, and government agencies (see Exhibit 1).  Three academic institutions participated 
in this research initiative, one four-year university and two community colleges. To participate each institution had 
to meet the three criteria previously stated. This research represents a snapshot of one region of the U.S. that is being 
intensely disrupted by both the technical and cultural forces associated with Industry 4.0 and a multi-generational 
workforce.   
 Exhibit 2 highlights the three key segments of the talent pipeline that are included. This research will profile the 
DNA composition of all three segments in terms of the professional competencies, motivational factors, and 
behavioral styles. 
 

Exhibit 2. Three Key Segments of The Talent Pipeline Investigated 
1. Next-Gen Leaders (NGLs): Engineering management from OEMs and Tier 1 suppliers who have been identified 
by their companies as emerging leaders and are currently serving as managers. This group is composed of Gen Xers 
and Millennials who are enrolled in an engineering Masters degree programs at the participating 4-year university. 
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2. Next-Gen Engineers (NGEs): Undergraduate co-op engineering students who are in their freshmen and junior 
years in mechanical and electrical studies at the participating 4-year university. This group represents Gen Zers. 
 
3. Next-Gen Skilled Trades (NGSTs): Individuals enrolled in two-year skilled trades programs such as robotics, 
cybersecurity, and welding at the two-participating community colleges. They represent a cross section of 
generations but are primarily Millennials and Gen Zers. 
 
Methodology and Research Instrument  
To collect data, our academic team partnered with TTI Success Insights, a 30-year-old Scottsdale, Arizona based 
firm that serves clients in 90 countries and 40 languages. The firm is the global leader in providing research-based 
validated compliant assessment and coaching tools that enable organizations to meet their talent management needs. 
Their client base includes Fortune 500 companies, government agencies and educational institutions around the 
world. 
 For data collection, the TTI TriMetrix® DNA assessment suite was used. The TTI TriMetrix® DNA 
assessment suite is comprised of three self-reporting assessment instruments that are administered via an online 
portal.  Each of the three self-reporting assessment instruments are independently validated.  The authors have 
administered over 10 thousand TTI TriMetrix® DNA assessments leading to a series of peer reviewed research 
papers published using the TTI TriMetrix® DNA assessment suite that investigate engineering education and 
professional development. Exhibit 3 provides a visual depiction of the TTI TriMetrix® DNA assessment suite 
components. 
 

Exhibit 3. TTI TriMetrix® DNA Assessment - Competencies, Behavioral Style, and Motivators 

 
 
Drawing from a data sample of 4,965 undergraduate students, and 313 entrepreneurially minded engineers, the work 
of Pistrui, et al. employed the TTI TriMetrix® DNA in a combination of descriptive and multivariate methods and 
techniques that quantified specific behavioral attributes and professional competencies found in entrepreneurially 
minded engineers.  The doctoral dissertation research of Dietrich (2012) was able to quantitatively distinguish 
between engineers and entrepreneurially minded engineers in both behavior and mastery of professional skills in the 
workplace.  Research by Pistrui et al. (2011) used the TTI TriMetrix DNA assessment suite to define and establish a 
measurement model of undergraduate engineering education learning outcomes associated with professional 
competencies (soft skills) development.   
 
Data Collection, Sample Segments and Findings 
For this research, the TTI TriMetrix DNA assessment was administered online between the fall of 2018 and the 
winter of 2021, with 473 individuals participating in the study, 66 NGLs, 182 NGEs and 225 NGSTs. The sample is 
comprised of 349 (74%) males and 124 (26%) females. 
 Females play an important role in the talent pipeline representing 29% of the NGST and 26% of NGE. 
However, when it comes to NGLs, females trail off to 17%. There is cause for concern that perhaps either in 
perception, or reality, there are fewer opportunities for females to advance into management positions. This is an 
area worthy of further investigation and analysis beyond the scope of this work. 
 The TTI mean is a sample of all the individuals who have taken the TTI TriMetrix® DNA assessment suite. 
This is a national sample across all job sectors and allows for a general comparison. 
 
Professional Competencies 
This section presents an overview of the development of 25 professional competencies that contribute to superior 
performance in many types of jobs. For many jobs, professional competencies, often referred to as “soft” skills, are 
as important as technical skills in producing superior performance. They are also central to the development of 
engineering managers and industry leaders.  
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 Exhibit 4 presents a comparative visual overview of the 25 professional competencies of each segment of the 
talent pipeline as compared to the TTI mean, a sample of all the individuals who have taken this survey across all 
job sectors. As expected, the Next-Gen Leaders exhibit the greatest level of professional competency development. 
This segment of the sample has been confirmed as engineering managers. They have the greatest level of experience 
and highest level of education. They have very well-developed interpersonal skills combined with a strong customer 
focus. This data suggests that Next-Gen Leaders would benefit from further development of conceptual thinking, 
diplomacy and appreciating others. 
 

Exhibit 4. Professional Competencies vs TTI Mean 

 
 
Next-Gen Engineers are young and in their formative years and their level of professional competency development 
reflects this. They are found to be goal oriented and demonstrate some level of interpersonal skills. Engineering 
educators can draw on these findings to pinpoint areas to integrate into curriculum, internships, and co-op programs. 
Enhancing areas such as creativity and innovation, interpersonal skills and conflict management can lead to better 
prepared and more well-rounded young engineers as they enter the workforce. 
 The Next-Gen Skilled Trades people comprise multiple generations and thus represent a more eclectic and 
diverse set of individuals. They demonstrate strong interpersonal skills and show appreciation for others. As 
Industry 4.0 technologies reshape the skilled trades there is a clear need to further develop teamwork, conceptual 
thinking and problem solving.  
 
Deeper Look into Professional Competencies 
Exhibit 5 provides a deeper look into the professional competencies associated with each segment of the talent 
pipeline. Exhibit 4 compares the average competency by segment to the mean of all people who have taken the same 
suite of TTI TriMetrix® DNA assessments (hundreds of thousands of people across all professions).  The intention 
is to get a benchmark comparison of each segment against an aggregate mean of all professions. This is directional 
in nature and will be used to guide more deep and rigorous analysis of the data sets in the future.  
 The Next-Gen Leaders were found to be well positioned to lead their organizations into the future. This group, 
which is comprised of a mix of Gen Xers and Millennials, is customer centric and demonstrates the ability to help 
others develop and grow.  As one might expect, they have well developed communication skills and possess the 
ability to interact and relate with others. 
 Turning to the three least developed skills, it is eye opening to learn that this group, the future leaders, 
score low on creativity and innovation. Being able to effectively create new approaches, designs, processes, 
technologies, and systems will be imperative for companies to navigate the disruption associated with Industry 4.0. 
The same can be said for conceptual thinking. These findings suggest that topics such as design thinking, creativity, 
social science, and systems engineering should be integrated into all levels of education and across engineering 
curriculums.  
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Exhibit 5. Competency Strengths and Weaknesses of the Talent Pipeline vs TTI Mean 

 

 
 
Next-Gen Engineers, composed of Gen Zers who are all undergraduate engineering students, represent the next 
generation of engineering talent. Exhibit 6 indicates this group has their own set of unique strengths. The top two 
professional competencies they have developed at this stage in their lives seem to align with their generational 
tendency to be radically inclusive. This includes identifying with and caring about others. They exhibit the abilities 
of building rapport and relate well to different kinds of people. It is not a surprise that this group is goal orientated, 
given the intensity and rigor associated with earning an engineering degree.  
 There is some cause for concern when reviewing the least developed professional competencies in the Next-
Gen Engineering segment. The data suggests that they lack the ability to demonstrate self-initiative. Today’s work 
environment with rapid change and disruption demands an opportunity-seeking mentality and self-drive. This is also 
a point of potential conflict between Gen Zers and Gen Xers. Just as the Next-Gen Leaders segment scored low on 
creativity and innovation, the Next-Gen Engineers do as well. The fact that both groups score so poorly in this area 
should be a wakeup call for both educators and industry leaders to begin to address these needs. 
 These findings suggest that educators and industry leaders should join forces to review current curriculum 
methods and develop an action plan to strengthen the creativity and innovation skills in both students and faculty. 
 Next-Gen Skilled Trades people demonstrated strong development of three primary professional competencies. 
They represent a cross section of generations and socio-economic strata and are a vital part of the talent pipeline. 
First, they exhibit solid interpersonal skills associated with effectively communicating, building rapport, and relating 
to a diverse group of people. Second, they were found to have developed a customer focus with the skills to 
anticipate and meet customers’ needs, wants and expectations. Third, Next-Gen Skilled Trades people were found to 
be appreciating of others, having the ability to identify with and care about others.  
 In terms of least developed professional competencies, three items emerged. The Next-Gen Skilled Trades 
group lack problem solving skills associated with defining, analyzing, and diagnosing key components of a problem 
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to formulate a solution. Although they have strong interpersonal skills, they have underdeveloped abilities to 
influence others.  
As skilled trades continue to transform around Industry 4.0 technologies, the workforce will most certainly need 
better problem-solving competencies. New types of working relationships will require the ability to influence others 
with diplomacy, especially across and between generations. These insights suggest that Community Colleges have 
both the need and opportunity to review, recalibrate and redirect programs to improve Industry 4.0 skillsets. 
 
Three Noteworthy Themes Emerge 
Three noteworthy themes emerge out of the data (see Exhibit 4). 1) Participants score below the mean as it relates to 
understanding the uniqueness and contributions of others. 2) They score lower on conceptual thinking, and 3) They 
score lower on personal accountability. These findings suggest that our emerging talent pipeline is more rigid, soft 
on sensitivity (empathy for example) and less focused than the TTI mean scores indicate. These are important 
distinctions in an Industry 4.0 environment and an opportunity for educators and industry leaders to address these 
important needs. 
 These findings provide some valuable insights and direction into what educators, industry and policy makers 
should begin to address. For example, how can our educational system begin to develop measurable ways and 
methods to improve the conceptual thinking skills in their graduates? As the workforce proceeds through 
generational leadership succession, how can both industry and educators help people embrace the uniqueness and 
contributions of others? This is vital to strengthening engineering management practices. 
 These finding suggest that instilling a broader goal orientation and personal and professional development must 
become core components of strengthening the quality of the workforce and engineering management practices.  
 
Behavioral Styles 
For this research, we utilized a behavior assessment tool based on the theory of psychologist William Moulton 
Marston (1928). Understanding behavioral styles can help in gaining the commitment and cooperation of others, 
resolve and prevent conflict, build effective teams, and enhance awareness and personal performance.  
 Exhibit 6 presents an overview of twelve behavioral factors that are critical to individual performance and team 
success and compares them to the TTI mean, a sample of all the individuals who have taken this survey across all 
job sectors. 
 Next-Gen Leaders behavioral characteristics which standout include exhibiting competitiveness, embracing 
change, and having a sense of urgency. As engineering managers, they seem to be attuned to the prevailing 
environmental forces shaping both the marketplace and workplace, both of which are undergoing rapid changes. 
Two noteworthy behavioral observations include the fact that Next-Gen Leaders struggle with human interaction as 
identified by their lower scores associated with people and customer orientations. Consequently, these are areas to 
consider professional development and heightened awareness.  
 Next-Gen Engineers behavioral dynamics are shaped by the traditions and rigor of undergraduate engineering 
education. They are organized, persistent, and consistent in their behaviors which are paramount to the environment 
and pedagogical approaches they are subject to. Two areas of addressable opportunity are enhancing their sense of 
urgency and having them interact more with other people.  
 The Next-Gen Skilled Trades behavioral profile indicates that they follow the rules, are persistent, and exhibit 
consistency. This seems appropriate as they tend to be older and balancing work with parttime education at the 
community college level. Protentional behavioral impediments identified include a lack of urgency and resistance to 
change. 
 

Exhibit 6. Behavioral Styles by Segment vs TTI Mean 
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Deeper Look into Behavioral Styles 
Exhibit 7 provides a deeper look into the behavioral strengths and weaknesses associated with each segment of the 
talent pipeline. Exhibit 6 compares the average strengths and weaknesses by segment to the mean of all people who 
have taken the same suite of TTI TriMetrix DNA assessments. The intention is to get a benchmark comparison of 
each segment against an aggregate mean of all professions.  
 Although the top Next-Gen Leaders behavioral strengths include customer orientation, competitiveness, and 
persistence two out of the three were found to be lower than the TTI means. Next-Gen Leaders who represent Gen 
Xers and Millennials were also found to be less persistent and customer-oriented than Next-Gen Engineers and 
Next-Gen Skilled Trades.  
  

Exhibit 7. Behavioral Strengths and Weaknesses vs TTI Mean 

 
 
The three lowest behavioral characteristics of Next-Gen Leaders include organized workplace, sense of urgency, and 
analysis. When compared to the TTI scores Next-Gen Leaders a standard deviation above the mean. Next-Gen 
Leaders were found to score below Next-Gen Engineers and Next-Gen Skilled Trades on both organization and 
analysis.  
 Next-Gen Engineers and Next-Gen Skilled Trades were found to exhibit the same top three behavioral strengths 
yet in different order including persistence, consistency, and following policy. Both groups scored higher than Next-
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Gen Leaders on all three variables. Two distinctive themes were found in these groups related to weaknesses they 
include a lack of a sense of urgency and a resistance to change. Likewise, these groups scaled lower than Next-Gen 
Leaders. Two other notable findings relating to behavioral styles was that Next-Gen Engineers lack versatility, while 
Next-Gen Skilled Trades lack competitiveness.  

In terms of behavioral weaknesses two themes have emerged. First, all three groups exhibit a lack of a 
sense of urgency. Given the magnitude of change taking place in Southeast Michigan related to electrification, 
automation, and the rapid implementation of new digital technologies this weakness may inhibit innovation. Second, 
is the resistance to change found in Next-Gen Engineers and Next-Gen Skilled Trades.  
 
Motivational Factors 
In 1928, Eduard Spranger wrote “Types of Men.” In it he identified six major attitudes or outlooks. These attitudes 
are frames through which we view the world and seek fulfillment in our personal and professional lives. Spranger 
(1928) identified six primary types or categories to define human motivation and drive including Theoretical, 
Utilitarian, Aesthetic, Social, Individualistic and Traditional. Building on Spranger’s original work TTI conducted 
further research and analysis leading to the development of 12 motivational Driving Forces (see Exhibit 8). 
 The 12 Driving Forces are established by looking at each motivator on a continuum and describing both ends. 
Motivators are the driving forces or the “why” of what we do. Understanding motivators provides insights into what 
drives people’s actions in personal and professional settings. Primary motivators can be referred to as the aspects of 
life for which one is passionate and perceived as important, or the thoughts that provide one with purpose and 
direction in life.  
 

Exhibit 8. Motivational Driving Forces vs TTI Mean 

 
 
 Exhibit 8 provides a comparative overview of the 12 motivational factors shaping the talent pipeline in 
Southeast Michigan. The Next-Gen Leaders are found to be commanding but not very collaborative. Scaling low on 
collaborative is not an indicator of their unwillingness to work in team environments or with others. It suggests that 
as engineering managers they leverage their competitive behavioral styles (see Exhibits 6 and 7) to lead and drive 
activities. They are driven by status, recognition, and control over others. They are not motivated to play a 
supporting role if given a choice. 
 As one might expect, the Next-Gen Engineers, who are undergraduate engineering students, are driven by the 
functionality and objectivity of their surroundings. They are in a rigorous, structured, and demanding environment 
so this driving force is critical to achieving their degree. This group is also receptive to new thoughts and ideas but 
are driven only by practical results. They are driven to assist others for a specific purpose, not just for the sake of 
being helpful or supportive. It is also not surprising that Next-Gen Engineers do not score higher in resourcefulness. 
This is a result of being in an academic environment that has yet to adopt new methods that fall outside a defined 
system for learning. 
 The Next-Gen Skilled Trades group has some surprising and insightful motivators. First, they were found to be 
intellectually driven by opportunities to learn and acquire knowledge. They very found to have the highest level of 
motivational intensity. This may be due to the fact that they could be working fulltime while pursuing their 
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education. Counter to this, Next-Gen Skilled Trades people were also found to be much less instinctive, whereby 
they can utilize past experiences and intuition to drive behavior. 
 
Deeper Look into Motivators 
Patterns emerge between the three groups when looking closely at motivational factors (see Exhibit 9). All three 
segments are driven by an intellectual quest. They are motivated by opportunities to learn and acquire knowledge. 
This is encouraging as the integration of Industry 4.0 technologies demand intellectual curiosity and engagement. 
The Industry 4.0 disruption and rapidly changing environment requires continuous learning and the development of 
new skills. 
 Another commonality is that both the Next-Gen Engineers and the Next-Gen Skilled Trades are receptive to 
new ideas, methods and opportunities that fall outside a defined system. This would seem logical as both groups are 
in school. The same logic holds true for the Next-Gen Leaders who are driven by status, recognition, and control 
over personal freedom. Conflict could arise between Next-Gen Leaders, who have a drive to command and control, 
and the Next-Gen Engineers and Next-Gen Skilled Trades people who are motivated to pursue new ideas, methods, 
and opportunities. 
 
 

 
 

Exhibit 9. Motivational Strengths and Weaknesses of the Talent Pipeline vs TTI Mean 

 
 
Another common thread is that all three segments are indifferent to traditional approaches, proven methods, and a 
defined system. Perhaps this is the result of the Industry 4.0 environment where change is constant, and people are 
being forced to adopt new methods and adapt to a changing work environment.  
 
Conclusions 
To successfully navigate the Industry 4.0 environment (and beyond), organizations will need to integrate four 
different generations (soon to be five) in their workforce. Next-Generation Leaders who serve as engineering 
managers were found to be lacking in creativity and innovation and conceptual thinking, critical skills required in 
navigating an Industry 4.0 environment. This should serve as a wake-up call to educators and engineering 
management tasked with overhauling an antiquated systems, particularly at the graduate level.  
 Next-Generation Engineers (currently in the higher education system) are trending low in the categories of 
resourcefulness, creativity, and innovation. They were also found to not be self-starting and not instinctive. This 
may be a result of an education system (K-12 and higher education) that has yet to fully appreciate, embrace and 
adapt to the rate of Industry 4.0 technology change and generational differences.   
 Next-Generation Skilled Trades is a group that is vital, yet often overlooked. They were found to be greatly 
lacking when it comes to problem solving skills and the ability to influence others. They were also found to be 
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lacking competitiveness which suggests that educators need to rethink how they create dynamics between 
individuals, teams, and groups, and how industry rewards performance.  
  
Recommendations 
Findings suggest that educators, industry leaders and policy makers need to collaborate and initiate immediate and 
sweeping educational reforms. Exhibit 10 presents a suggested framework that recommends a transdisciplinary 
approach that will fundamentally change the focus, learning outcomes and education of university and community 
college students in the U.S.  
 

Exhibit 10. Industry 4.0 Education and Engineering Management Workforce Reform Framework 
• Engineering and Science 

+ Systems engineering & architecture  
+ Advance software skills & programming 
+ Artificial intelligence & machine learning 

• Business Acumen and Management 
+ Entrepreneurial thinking & leadership 
+ Industrial economics & data analytics  
+ Financial management & decision making 

• Social Science and Research  
+ Sociology & anthropology  
+ Industrial psychology 
+ Research methodologies  

• Creative Studies and Design 
+ Design thinking methods 
+ Innovation in society   
+ Creativity & opportunity identification  

 
Engineering, engineering management, and science need to incorporate contemporary Industry 4.0 subject matter, 
such as advanced software skills and artificial intelligence at the reduction of some Industry 2.0 subject matter such 
as differential equations with linear algebra.  This is not to say students should not be exposed to understanding 
differential equations, yet in Industry 4.0 applied ways.  
 Industry 4.0 workforce development reform also needs to re-incorporate the social sciences.  
Sociology, anthropology, psychology, and the research methodologies these fields employ are other important areas 
in need of re-integration.  Some of these topics could be 1 or 2 credit offerings that blend human engagement, online 
modules, readings, and field experiments. The data suggest that students could benefit from better understandings of 
human beings, culture, and general management concepts. 
 Design thinking, which is currently a topic of much discussion in industry should play a more distinctive role in 
Industry 4.0 educational experiences, especially in engineering management. The history and roll of innovation in 
society, developing creativity and identifying, qualifying, and quantifying socio-economic opportunities need to 
become core principals of our educational frameworks at all levels.  
 This work serves not as an “end all to be all,” but rather as a preliminary step, in one of many, to look at both 
the technical dynamics associated with Industry 4.0, engineering management needs and the human dynamics 
associated with generational transition and leadership succession in conjunction with the talent pipeline.  
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