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Abstract
Change normally occurs when there is a compelling need, and this is particularly true with engineering education.  There have been many studies over the years focusing on engineering education and the need for change, but most have had little or no impact on the educational process unless they were associated with a major societal need.  Today there should be no confusion as to the societal need: the growing need for alternative clean energy sources, food and fresh water shortages that are prevalent in many regions of the world, global political and social unrest due to many factors not the least of which is poverty, and growing concerns for the environment.  How are the roles of engineering and engineering defined in this broader context, and how should engineering education respond?  Alternative responses are explored, and we suggest strategies drawn mainly from the mechanical engineering community that we feel are relevant for engineering education generally.  With extensive survey data from academia, industry, and early career engineers, we make the case for substantial change in engineering education, and we present possible scenarios.  
1.
Introduction
Change normally occurs when there is a compelling need, and this is particularly true with engineering education.  There have been many studies over the years focusing on engineering education and the need for change, but most of them have had little or no impact unless they were associated with a major societal need.  The arms race and the shift from engineering practice to engineering science after World War II, the emphasis on science and space during the 1960’s, and the unfortunate short lived emphasis on sustainability and energy in the late 1970’s and early 1980’s all resulted in change.  More recently, the realization that the purpose of engineering is design [1] has led to a reemphasis of design education and project-based education.
Today there should be no confusion as to the societal need.  The Grand Challenges articulated by the US National Academies [2] clearly express societal needs.  But what is fundamentally different now than even five years ago or thirty years ago during the first energy crisis?  The differences are great with a growing need for alternative clean energy sources, food and fresh water shortages that are prevalent in many regions of the world, global political and social unrest due to many factors not the least of which is poverty, and growing concerns for the environment.  Couple all of this with the financial collapse of many institutions and the financial chaos that many governments are experiencing and we have the need for pervasive and comprehensive change.  What is engineering’s role?  Certainly the technical aspects of energy, clean water, food scarcity, and the environment concern the engineer.  But is there a need for much greater and broader participation of the engineer?

Engineering’s history of invention of both products and processes has served this country well for over two hundred years, but the recent confluence of events is suggests, as Simon Ramo said, 
Either the engineering profession will broaden greatly or the society will suffer because the matching (between society and technology) will be too haphazard..., a greater engineering needs to evolve...it will come to embrace much more the issues at the technology-society interface.
Hallmarks of these changes will hopefully be not only increased invention but also the implementation of invention, or innovation.  Innovation will require leadership, and that leadership should be from engineers who have the technical insight and ethical courage to solve the grand challenges facing this planet for the benefit of all its inhabitants.  We can no longer leave our fate entirely in the hands of often ill informed politicians, lawyers, and business executives.  Engineers must take leadership roles not only on technical projects but in society generally.  Engineers must lead in their communities, in local, state and federal governments, and engineering must lead us to a sustainable world.  There are probably no second chances, now is the time for action, and we have to get it right.  Now is the time for engineering leadership, our country needs it and our planet needs it.

What does this mean for what and the way we teach our students?  Our students will need to lead not only technically but also socially, politically and ethically.  Future engineers will need outstanding communication and people skills, business sense, a global perspective, and an unparalleled understanding of our natural environment.  This implies a compassion and passion for our planet, ethics beyond the bottom line, not unlimited growth but sustainable growth, an understanding of the importance of economic growth, and more importantly an appreciation for the equitable distribution of that growth.  

This paper presents new data on the status and long-term outlook for engineering education from industry leaders, department heads, faculty, and practicing engineers.  While the data is primarily from the work of the American Society of Mechanical Engineers (ASME) Vision 2030 Task Force from 2008 to the present [3], we feel that it is applicable to all engineering disciplines.  We make the case for the need for substantial change in the educational process, and we present possible scenarios for change.  

2.
Methodology

The work of Vision 2030 Task Force has three primary goals.  The first goal is to broadly define the knowledge, skills and abilities that mechanical engineering and mechanical engineering technology graduates should have to be globally successful in the future.  The second goal is to provide recommendations on features of mechanical engineering education that will help provide graduates with the necessary expertise for successful professional practice.  The third goal and perhaps the most important one is to provide recommendations for the development of professional skills in the engineering graduate that will motivate the leadership required for implementing the technology and policy to solve the challenges facing their companies, regions, and the planet.  
Our recommendations are based on a rich set of inputs drawn from all of the stakeholders of the mechanical engineering and mechanical engineering technology educational process: faculty, academic administrators, industry employers and leaders, and practicing engineers.  These constituent groups guided the task force in framing the key questions to be addressed and the over arching issues to be addressed in our recommendations.
Several methodological tools were used to develop a contemporary viewpoint on the goals of our work including,

An assessment of the literature of the past 30 years that has addressed the form and content of engineering and engineering technology education [3].  

Surveys of the stakeholder groups addressing issues related to education and practice (2008-2011) including a special focal study of graduates of the undergraduate program at the Massachusetts Institute of Technology (2010) [4].

Workshops and focal sessions at the International Mechanical Engineering Conference and Exposition (2009, 2010), the University of Houston on engineering technology education (2010), Annual Meeting of the American Society for Engineering Education (2010), 5XME workshop sponsored by the US National Science Foundation (2009).
Our surveys were administered by the ASME and reached over 600 US-based companies, and several thousand practicing engineers, including a goodly number of young engineers who were within ten years of graduation.  All mechanical engineering and mechanical engineering technology departments were contacted as well.  Response rates were sufficient across all surveys so that statistical analysis could be conducted.  Additionally a large amount of anecdotal input was received in the course of several focal workshops with department heads in the mechanical engineering and mechanical engineering technology communities.
3.
Survey Results – Early Career Engineers
In this section, we focus on an analysis of an extensive survey of early career mechanical engineers (ECEs) that was completed in spring 2011.  The ASME member data base was used to administer the Internet-based survey, and the sample size used for analysis was 635 for engineers with less than 10 years of experience.  Approximately 96% of respondents were degreed mechanical engineers with the remainder holding engineering technology degrees.  Where possible comparisons with industry responses (more than 1,000) were run to determine differences in perception and measured of performance.  The figures below illustrate the range of questions we have generally asked in all of our surveys since 2009.  A more detailed presentation and discussion of survey results is given in [3].
Early career engineers were first asked to identify what they thought are the strengths and weaknesses of their undergraduate education.  Figures 1 and 2 summarize the responses.  Technical fundamentals and problem solving and critical thinking rate highly as might be expected.  Surprisingly, interpersonal and teamwork skills were rated highly.  More lowly rated were information processing, communications and laboratory procedures.  Weaknesses relate to what can be called practical, business process oriented skills that probably can only be obtained via experience in a particular organization and job function.  Notably, the lack of knowledge of codes and standards rose to the top of identified weaknesses, which is not surprising given that most US baccalaureate mechanical engineering programs do not devote time to this topic.
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Figure 1. Early career engineers reporting strongest preparation 

for work. (ASME, Vision 2030 Survey, n = 635, 2011)
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Figure 2. Early career engineers reporting weakest preparation.

(ASME, Vision 2030 Survey,  n = 635, 2011)
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Figure 3. Areas of greatest professional development and need seen by early career engineers.  Rated 8-10 on a scale of 1-10 (ASME Vision 2030 Survey, n = 635, 2011)
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Figure 4. Difference between industry, academics and early career  

engineers on communication skills. (ASME, Vision 2030 Surveys, 2010-2011)

When asked to identify where they feel the greatest need lies for career and skill development, the early career engineers point largely to soft skills related to administraiton, management and communication (written and verbal presumably in the business setting) .  Figure 3 shows the top interests of this group which are all of very much equal weight.
We next asked industry managers, academician and the early engineer cohort to rate preparation and skill level in communications (generally defined).  Figure 4 reveals the first of mismatches we find.  Industry managers are nearly equally divided on this question, which identifies possibly the adjustment the ECEs need to make in the business setting and most likely some deficiency in their preparation for practice.  Academicians and ECEs themselves, on the other hand, strongly feel “sufficient to strong” in this skill set.  Whether this comparison reveals either an inherent weakness in the undergraduate degree program or a predisposition held within industry on new college graduates remains a question for future discussion and research.
In concert with communication skills, knowledge of how devices are made and work (generally included under the rubric of practical experience) differences in the viewpoints again surfaced.  Figure 5 illustrates a general weakness here, and the ECEs themselves parallel this assessment.  Without a context, this result should be viewed only in the most general light, but it is indicative of the strong theoretical focus of most current mechanical engineering undergraduate programs.  Early career engineers were a bit less negative on this question even though 34% considered their practical experience a weakness.
In parallel with this question, we asked whether ECEs possessed the necessary systems perspective in their engineering work, and we find surprisingly good agreement across stakeholder groups.  Industry leaders answered positively at a rate of 44% and academics at a rate of 46%.  The ECE’s were less positive, answering at a rate of 31%.  Note that all positive response rates ware less than half of the sample.  Thus there appears to be a compelling need to address this skill area via pervasive curricular reform
What our recent surveys and those of the past two years have shown is that ECEs and academics view their strengths to generally include problem solving, technical fundamentals, and teamwork.  All of these areas consistently registered more than a 40% positive response.  Greatest weaknesses identified by ECEs are knowledge of codes and standards and practical experience.  Both of these areas registered more than a 40% response rate.  Closely following were weaknesses
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Figure 5. Differences in viewpoint on ECE’s practical experience between industry managers, early career engineers and academics. (ASME Vision 2030 Surveys, 2010-2011)

identified with project management, business processes and an overall systems perspective.  We view these latter categories of knowledge as those that are inherently involve maturation and experience in engineering practice and business processes.  They are decidedly within the realm of the professional aspects of ECE skill set.  It is problematic whether undergraduate engineering programs can provide the necessary training to reduce currently identified knowledge deficits, and to this point, our survey of industry suggests that engineering education should include a practical component [3].
4. Strategies for Change

The guiding principles that form the basis for our recommendations are that industry must generate sustainable growth for economic vitality, the United Nation’s Millennium Goals [5] must be achieved, and the NAE Grand Challenges [2] must be met and solved.  Now is the time for engineering education and its leadership to begin targeted educational reform to produce graduates who are both technically and professionally prepared to address the broad and varied challenges and opportunities of the future.

The task force has decided that its recommendations would be neither be prescriptive nor too detailed and would be aimed at encouraging innovation to create an educational paradigm that will succeed in producing world class mechanical engineering practitioners and leaders.  

While there are many options and possibilities, components essential for mechanical engineering and mechanical engineering technology curricula are flexibility (e.g., multiple degree paths); strong professional skills (i.e., developing the leader within); more active, discovery-based learning (let the students create) and less factual content in favor of problem definition and solution within larger contexts.  A continued strong emphasis on the fundamentals and outstanding problem formulation and solving is mandatory but forgo significant additional technical content beyond the fundamentals in the curriculum.  There should be ample opportunities for students to gain experience dealing with big-picture, systems-level problems and constraints.  These concepts should be integrated throughout the four-year undergraduate program, and greater reliance for deeper technical knowledge placed on students getting a professional Master’s Degree (those interested in practice) or a Master of Science and/or Ph.D. (those interested in research).   

As an example of one institution’s effort to address the over arching challenges we have identified in our work, the Enterprise Program at Michigan Technological University is an example of active, discovery based learning spread throughout the curriculum.  This program integrates design, professional skills, and practice based learning in highly multidisciplinary environments that operate much like those a real company.  A typical enterprise team is made up of approximately 25 students from multiple majors and is coached/mentored by a faculty member.  Engineering, science and business students make up the majority of the team members, and they typically start with an enterprise project after their freshman year.  There are currently 28 enterprise teams on campus with almost 800 students (~60% in engineering) participating.  Increased retention, high graduation rates, and anecdotally increased job satisfaction and success are outcomes from the program.  Also at Michigan Tech, the International Business Ventures Enterprise (Biomedical Solutions for Global Markets) is coached and mentored by two of the authors.  It is composed of nominally 25 students (business and biomedical, mechanical, electrical, materials, and technology majors) and has five project teams working on an infant heart enunciator, pandemic ventilator, pressure sore alleviation, and business plan development.  Integration of the business and technical students and the requirement for and availability of professional skills course modules are key components of the program.  Further details of the program are available on the Enterprise and IBV websites which can be found on the Michigan Tech home page (http://www.enterprise.mtu.edu/).
These recommendations are different than those of past curricular reform efforts, where the debate centered on the mix of mathematics and physical science, engineering topics, and hands-on experience and/or design.  What is critical now and in the future is that we maximize creativity, problem formulation/solution and leadership abilities of all our students.  This skill mix will be essential for engineers to be successful in engineering practice and to support societies’ drive for a sustainable future.  Further we must enable engineering as a profession and engineers as individuals to take a higher level of responsibility and leadership in the affairs of society. 

For the mechanical engineering as a whole, the question is, what is the path forward, and can it happen in this decade or even by 2030?  Change has always been difficult in higher education, but now it is imperative.  We  cannot wait for a presidential call for engineering leadership similar to President Kennedy’s call to put a man on the moon and win the space race, “We choose to go to the Moon in this decade and do other things, not because they are easy – but because they are hard!”   
The current need is far greater than it was in 1962.  This document is intended to get the mechanical engineering and mechanical engineering technology communities thinking and acting on curricular reform.  There are currently a few faculty, department heads, and deans initiating substantial change within their programs, and hopefully there will be many more.  As one faculty member put it during our work over the past two years, “This is too important, and we have to get it right!”   

5.
Conclusion

We envision future graduates who have skills and abilities to coordinate, manage and lead global projects; graduates who can enable sustainable growth; graduates who can create their own jobs and jobs for others; graduates who are always thinking about the world’s grand challenges; graduates who are involved in policy decisions at many levels of society; and graduates who become leaders in society so as to enable sustainable solutions for the good of all.  These considerations are over arching for mechanical engineering and mechanical engineering technology education despite differences in institutional mission, the breadth of the discipline, and the changing nature of engineering practice.  

We believe that future technical solutions alone are not enough to meet business and societal needs.  The mechanical engineering profession must ensure that its solutions are implemented in viable economic, social, and environmental terms.  This responsibility implies a richer professional framework in their education than presently exists.  It implies that engineering and engineers must assume leadership roles not only in the workplace but in other aspects of society as well.

If we are correct in our thinking, the changes we think are necessary will usher in a new era of education every bit a revolutionary as those brought about by the Grinter [6] and Wickenden [7] studies of the mid-20th Century.  Our suggested reshaping of engineering education around a revised framework will not be easy, but we think well worth the effort for national economies and the globe.
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