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ASME'’s Vision 2030’s Import for Mechanical Engineeing

Technology
Abstract

In recent years, various professional societigadividuals have put forth statements outlining
how engineering and engineering education couldorgor adapt to better meet the needs of
society. Typically, such studies do not specificabldress engineering technology’s role as a
part of the educational spectrum. While buildimgtioese previous works, the ASME Vision
2030 efforts provide additional insights to botk tlalue of mechanical engineering technology
but also to how it should change to provide an éyatter education for its students. This paper
presents suggestions towards such change. Whkilsdéd on mechanical engineering
technology, the suggestions and data in the papebe extrapolated to engineering technology
education in all its disciplines. The strength€ofineering technology graduates as engineering
practitioners and as implementers of technology:rgady and focused on applied engineering,
are a partial answer to what industry has told ecad about the current needs of industry.

Introduction

In July 2008, the ASME Center for Education fornaedengineering education task force,
Vision 2030, led by representatives from industrgl aducation, including engineering and
engineering technology educators. The ASME VisiOB®Task Force pursued two primary
objectives: help define the knowledge and skill imechanical engineering or mechanical
engineering technology graduates should have gdimlly competitive, and, to provide, and
advocate for their adoption, recommendations fochmaical engineering education curricula,
with the goal of providing graduates with improwegertise for successful professional
practice. The Task Force investigated the custte of mechanical engineering education and
practice within industry through assessment ofmeberature addressing the shape and content
of engineering and engineering technology educatiahthrough conducting surveys and
workshops with stakeholders. As an example, Vi&080 workshops were held at the ASME
International Mechanical Engineering Education @oarfce in 2009, 2010, 2011 and 2012.

Examples of recommendations from literature abagtreeering education include the National
Academy of Engineers’ (NAE}ducating the Engineer of 202@vhich suggests an earlier and
stronger introduction to engineering practice witbndergraduate programs, with the students
experiencing an iterative process of design, amalpsilding, and testingAnother NAE
project,Changing the Conversatigrrecommended re-branding of engineering to impitsve
appeal to different groups, especially minoritiad goung females. A general case for change
in mgchanical engineering education based on te®¥2030 work is contained in Kirkpatrick
et al:

To help develop Vision 2030 recommendations fodaoaa, it was important to understand the
current needs of industry. This is especially int@at for engineering technology education, as
preparing students for industrial practice is ofagmoint of pride for such programs. Thus, the
Vision 2030 Task Force did pilot surveys of indystnd academics to begin to identify key
knowledge areas, skills and abilities needed fachmagical engineering (ME) and mechanical
engineering technology (MET) graduates to be swfakm a global economy, including small
and large companies. Focusing on these key séxtgnsive follow-on surveys were developed
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and conducted in 2009 and 2010 of three key sta#tehgroups in ME and MET (department
heads, industry supervisors, and early career eaggr) to assess the strengths and weaknesses
of mechanical engineering education graduatespdteses were received from academic leaders
at more than 80 institutions, from more than 1,d0Qineering managers, and more than 600
early career engineers (those with less than tarsye practice). The details of these data and
additional information about the Vision 2030’s warte available in its Phase | refamd other
related publications.

Survey Results

Curricular change occurs slowly and mechanicalregying education programs have had
essentially the same structure and content sirc&960s, when science-based engineering
education replaced the shop, or practice-basedaédaaeveloped in the first half of the 20th
Century, with engineering technology programs dapielg as a result of this change in
engineering education. In one of the early Vi2680 academic surveys, when department
leaders were asked how many times in the past 4G ye&ad there been major curricular
revisions, 79% of ME department heads indicatedcenone or two changes, and 46% of MET
department heads indicated one to three changest relspondents indicated that the extent and
substance of their most recent curricular modiforet represented “tinkering on the edges” of
their educational program. The motivations for &€l MET curricula change were
characterized as the following.

» Adaptation to the 128 credit hour model for therfgear baccalaureate degree.

* Implementation of new, and modified courses, opé&ataon to new teaching
technologies.

e Curricular change in preparation for the ABET-addiion review.

* Response to a change in the academic calendar.

* Responding to industry input to improve employapiiif graduates.

With regard to the perceived strengths of theirtigdar of Science in Mechanical Engineering
Technology (BSMET) programs, MET program leadedsdated the following three items:
design skills, strong basic (core) courses usimggneering texts and good facilities/equipment
for hands-on student experiences. Perceived weaka®f their BSMET programs were cited
as in three areas: specific curricular weaknegsgs,thermal/fluids engineering or project
management, use of too many part-time faculty mesnéed lack of resources, especially for
laboratories and maintaining laboratories with mradEguipment.

To meet anticipated future changes in engineenmbesngineering technology practice, MET
department heads predicted a variety of impacthein BSMET degree programs. The
following capture the themes of these responses.

» Greater use of, and training in, simulation and poter-aided “X”

» Greater emphasis on professional skills, espeatallgmunication
* Some understanding of global financing

» Greater emphasis on energy conversion processds@mblogies

Initial pilot survey data were used by the Visidi8@ Task Force to develop 14 broad categories
of skills to further probe towards gaining an ursd@nding of the preparation of mechanical
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engineering and mechanical engineering technoloagustes. Analysis of the resulting survey
data from industry, focusing on the strengths ardkmesses of baccalaureate ME and BSMET
graduates, provides an outcomes-based assessmantesfraduate education. With these 14
categories of response, or attributes, which wereveld from the survey data via a cluster
analysis; a simple difference — strength minus weak — in response rate for a given attribute
provided a picture of educational outcomes andlifierence between viewpoints of academia
and industry. Tables 1 and 2 below show the attiilprofiles for newly hired BSMEs and
BSMETS, as of spring 2009. While there is somelapan the distribution of strengths and
weaknesses, the overall pattern of differencesigesvan indication of the outcomes of the two
educational experiences that is not unexpected.

Table 1 indicates that attributes rated as stronghie BSME hires were electronic
communication/information processing/computing.cirgcal fundamentals, interpersonal skills
and teamwork were noted as reasonably stronguttgb Weak attributes were problem
solving, critical thinking, oral/written communigan, and knowledge of how devices are made
and work.

Table 1. Strengths and weaknesses of BSME hires.
(Spring 2009 industry survey, n = 381)

Category %Strength %Weakness 0

Information processing — electronic 27 1 +26
communication

Technical fundamentals — traditional ME 22 13 +9
disciplines

Interpersonal/teamwork 19 10 +9

Computer modeling and analysis — 17 2 +15
software tools

Communication — oral, written 3 14 -11

Practical experience - how devices are 2 24 -22
made and work

Problem solving & critical thinking - 2 9 -7
analysis

Design — product creation 1 5 -4

Business processes - entrepreneurship 1 6 -5

Project management - 1 3 -2

Overall systems perspective 1 1 0

Technical fundamentals — new ME 0 0 0
applications (bio, nano, info, multi...)

Leadership 0 0 0

Experiments - laboratory procedures 0 0 0

Table 2 indicates that strong attributes of BSMEddgates were computer modeling and
knowledge of how devices are made and work. Magaknesses were technical fundamentals
and oral/written communication. Moderate weaknesgere noted as interpersonal skills,
teamwork and a systems perspective.
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Table 2. Strengths and weaknesses of BSMET hires.
(Spring 2009 industry survey)

Category %Strength %Weakness 0
Information processing — electronic 4 0 +4
communication
Technical fundamentals — traditional ME 2 14 -12
disciplines
Interpersonal/teamwork 6 11 -5
Computer modeling and analysis — software tools 14 4 +10
Communication — oral, written 0 14 -14
Practical experience - how devices are made and 31 9 +22
work

Problem solving & critical thinking - analysis 0 4
Design — product creation 4 0
Business processes - entrepreneurship 0 2 -2
Project management - 0 0
Overall systems perspective 0 7
Technical fundamentals — new ME applications 0 0
(bio, nano, info, multi...)
Leadership 0
Experiments - laboratory procedures 0

Pathways to new educational structures and practicenot clearly revealed in Vision 2030
surveys, and ME and MET department heads readiytity several barriers facing them in
program reform: budget cuts, hiring freezes, facelpertise, salary freezes, either difficulty in,
or pressure to obtain funded research and redotedpportunities and opportunities for
internships in industry.

The survey for mechanical engineering technologyadenent heads concluded with a series of
guestions relating to internal and external factbes might be considered an environmental scan
for MET. Responses indicate the following factaese viewed as important.

* Primary sources of faculty for BSMET programs idustry (64%), followed by graduate
ME/MET programs (14%) and recruitment from othestitutions (21%).

» The perceived need for BSMETs about the same theirecent past (57% of
respondents). About 21% of respondents see soamgel{growth or reduction).

» Three quarters of MET departments do not offer gadel programs.

» Of those programs offering graduate degrees, tbeégoninant terminal degree is the
MSMET, with most degree seekers not writing a thesi

Summer 2010 ASEE Distinguished Lecture Workshop

A survey was distributed to those at a Vision 2@3flised Distinguished Lecture at the Annual
Conference of the American Society for EngineeBagcation (ASEE) in June 2010. The
audience numbered 137 people, representing sonmsiiditions and a mix of engineering and
engineering technology faculty. Since not all qises in the survey were answered by
everyone, the number of responses to questiongjrsimoparentheses following the response, do
not total to 137. One question was worded as\idlo

Engineering technology and engineering programe leavexisted since the 1970s,
although recent trends have seen some engineeghgdlogy programs convert to
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engineering programs. Is there a place for engimgéechnology in the engineering
education spectrum? If so, what should it look s an educational experience?

Responses to these questions were as follows.

(a) Engineering technology’s applied focus couldvsas the first two years of a four-
year engineering degree (e.g., two year ET plusyar Engineering program). (25)
(b) In a CDIO style implementation, e.g., Concedesign-Implement-Operate,
engineering technology’s role would be to placebkasis on Implement-Operate
content (25)

(c) Four-year engineering technology programs shbal ABET-accredited under the
same criteria as engineering programs but ret@mpplied engineering learning focus
(31)

(d) There is no need to change engineering tecgpgoograms (7)

(e) Only two year engineering technology prograhtud remain as engineering
technology programs but all four-year technologygsams would convert to practice
based engineering programs. (36)

Recommendations for Mechanical Engineering Technolfy Education

The role and scope of the engineering practicexrsstorming rapidly. What mechanical
engineering technology graduates do, and how thay; dre changing due to global challenges,
expansion of the disciplinary boundaries, and régatinological innovation. Dominant
engineering organizations in 2030 will be thosecsasful at working collaboratively and
fostering global partnerships. Successful meclaheicgineers or technicians in these
organizations will be individuals who, in addititmtechnical knowledge, have skills in
communication, management, global team collabaraticeativity, and problem-solving. In
addition to being skilled in working collaboratiyednd in virtual design teams, mechanical
engineering practitioners need innovation skilkt #ncompass practical understanding of how
things are designed, produced and supported iokapinarketplace.

Aspects of such a skill set are reinforced via &is2030 data, from industry supervisors and
early career engineers (those with less than 1 yegerience), with regard to the weaknesses
of the current mechanical engineering graduates. itportant for mechanical engineering
technology educators, and their colleagues in ahgmeering technology programs, to know
these data and use them to shape and expressaihgtiss of their programs.

These data below, in Figure 1 and 2, both reinfareehanical engineering technology
traditional strengths as well as point to areasribad to be strengthened. In addition to
technical knowledge, the role of the mechanicairegying technology graduate in addressing
“grand challenges” of sustainable engineering, gneand human health requires educational
change to achieve new areas of impact. To devatdgmplement creative solutions,
mechanical engineering technology graduates msstgss leadership and innovation skills, in
addition to their technical fundamentals.
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Practical experience (howdevices are
made/work)

Communication (oral, written)

Engineering Codes and Standards 46.9%

Overall systems perspective

Projectmanagement 34.6%

Figure 1. Industry Supervisor Perception of Weakna Knowledge/expertise Areas of Recent
Mechanical Engineering Graduates (n=1500)

Engineering Codesand Standards

Practical experience (how devices are
made/work)

Projectmanagement

Business processes

Overall systems perspective

New technical fundamentals (bio, nano, info,
etc.)

Figure 2. Early Career Engineers Perception of RiVess in Their Mechanical Engineering
Academic Preparation (n=635)

The Vision 2030 Task Force recommends strengthahmdpllowing aspects of undergraduate
mechanical engineering technology curricula, as@ppate for the level of program (e.g., two-
year or four-year programs). Mechanical Enginggfiachnology programs should strive
towards creating curricula that inspire innovatiomativity, entrepreneurship, increasing
curricular flexibility, offering even more authenfractice-based engineering experiences,
developing students’ professional skills to a higstandard and, while a conclusion not directly

a result of those data above, implementing effecdivategies to attract a more diverse student
body.

The chance to produce practical or technical iniloma to solve real world problems and to
help people is one of the most inspiring aspecth@profession to prospective or young
engineers. Mechanical engineering technology mogrtypically have strength in embedding
laboratory-based instruction teaching their stuslabbut product realization, e.g.,
manufacturing, and component design. Such strergftbuld be enhanced to further developing

/012’ Sz abed



student creativity and innovation skills, througipkcit curricular components that emphasize
active, discovery-based learning (such as a designre/portfolio or other intensive
extracurricular engineering experiences). Suchsigth spine can also enhance motivation and
retention. The ‘grand challenges’ can be incorgat@as elements into early program courses to
help provide an engineering context and backgrdandtudents as they take their science and
mathematics courses. Service-based projects regutiavative solutions should be made
available for students ranging from the first-ygmathe senior-year. Mechanical engineering
technology faculty members often have extensivasirg experience and this expertise can be
used to mentor and coach students through thesgierpes.

To provide more curricular flexibility and to inqmorate such change, departments should
designate a set of classes as their mechanicalesrgag technology core, which all students
would be required to complete. This core wouldsistrof the first course in the fundamental
ME discipline areas. Once a student completes tioee set of classes, they should be able to
choose a concentration area, and complete additongses in that concentration area to
develop technical depth. The specialty conceminadreas could fit the program’s region or
faculty, e.g., provide exposure to areas of intexestudents or the local industry.

The survey results above indicate that the greateaknesses noted by employers of current ME
graduates, as well as by the early career engitieensselves, were a lack of practical
experience in how devices are made or work, ladmfliarity with codes and standards, and a
lack of a systems perspective. While Mechanicaibgering Technology programs often claim
that their graduates have strength in “how thingskvand are made,” as validated by the pilot
survey results above, issues remain around thefusmles and standards and a lack of systems
perspective. These two areas should be strengthemeechanical engineering technology
programs. After all, reduction to practice of eregring theory has long been a strength of
engineering technology programs.

A proven, successful approach, as discussed inpaheet af, to do this uses a
design/build/test spine in which a design courg@eésent in the freshmen, sophomore, and
junior years, where student teams tackle incredsufifficult design and build projects. Ideally,
this design spine would be multidisciplinary inunat, providing the students with multiple
experiences working with people from other majarsheey progress through their curriculum.
This sequence is completed with a yearlong semipstone design course that has a focus on
system design, building, testing, and operation.

It is recommended that the development of profesdiskills in the engineering technology
graduate be strengthened to help produce the esrgigdeadership characteristics required for
implementing engineering solutions to help sohedbmplex challenges facing companies,
regions and planet. Professional skills such @maplex system-level perspective, inter-
disciplinary teamwork, leadership, entrepreneursihipovation, and project management should
be central features of the design spine.

A systematic focus on integration of such skilt®imechanical engineering technology
curricula must approach the priority currently give technical topics. Again, the strength of
many MET programs is their faculty with experiemeg@roduct realization and innovation,
project management and business processes, usmd@dtanding of codes and standards in
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different contexts. These faculty can lead the Wayengineering technology programs and
provide impressive examples for colleagues in meichhengineering programs.

The mechanical engineering profession and its awedgrograms have one of the lowest
percentage of women within the various engineedlisgiplines, and, similar to all engineering
fields, a low percentage of underrepresented grotlipssuccessfully attract underrepresented
groups to the field of mechanical engineering,ttessage about the positive impact mechanical
engineering profession has on improving the wohloldd be communicated. Recruitment
messages, mentorship, increasing faculty diveraitg,emphasizing the idea that mechanical
engineering is really about solving problems thgbtact people lives, are all important strategies.
Utilizing the research portrayed @hanging the Conversatiénwhich recommended re-

branding of engineering to improve its appeal téedent groups, especially minorities and
young females, should be emphasized. Many ofdlcalar changes suggested above,
especially those that reinforce connection of eegiimg study to contextual real-world solutions
that help people and society, have been showrctease student retention and diversity. This
message should be infused into the first-year esging technology courses to ensure higher
retention of underrepresented groups. Serviceebaisgects requiring innovative solutions
should be made available for students ranging fiwarfirst-year to the senior-year.

Summary

These recommendations reflect findings of previeperts, such as the two NSF 5XRME
workshops, and the Carnegie Foundation’s repors, 8heppard et &. Some of these
recommendations are not new, with some implemesmedntegrated into curricula by
mechanical engineering or mechanical engineericign@ogy programs and have been shown to
have a positive impact on program outcomes. Buth €hanges and modifications have not
been implemented in the pervasive manner necessanpact the bulk of mechanical
engineering education. Thus, it can be assuméahttall program leaders and faculty have
been convinced that change is necessary. Hopgfatge data developed by ASME’s Vision
2030 Task Force helps convince more of academiaki@nge is necessary to lead to improved
graduate skills and attributes. Mechanical enginggechnology should lead mechanical
engineering education in the quest to improve esgging education, building upon its strengths
even as it improves in important ways to providdyweepared graduates of the future for the
engineering workforce.
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