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Dear Faculty:
Why should you be interested in this report?
As a leading engineering college, we have great interest in understanding how the ongoing process of
globalization will effect the profession of engineering in the first world. The College of Engineering
and the Technology Entrepreneur Center within the college sponsored this study to understand how the
underlying economics of the world will affect our students in future years. In addition, we have tried to
understand if any changes should be made to the engineering curriculum for students who will
eventually work in the private sector. Some high level recommendations have been provided in this
report.
We do not expect that these recommendations will be a final word on this subject. To the
contrary, the intention of this report is to help catalyze discussions regarding engineering
curriculum recommendations given an environment of global change. However, you should
note that this report does contain a considerable amount of data and feedback from engineering
alumni and industry executives. In particular, we suggest reading the “Executive Summary”
and then skipping to “Appendix A: Industry Comments and Recommendations”.
One thing we do fully expect is that over the next 15 years, over 10 million back-office and
technical jobs in the US will move offshore while other types of jobs are expected to be created.1
For many, these resulting job dislocations will be painful. New entrants into the workforce will
need to look ahead to understand which areas will be fertile, given the economics of the nations
within which they reside. Based on our study, we believe new opportunities for first world
technical workers will depend on the existence of innovation, entrepreneurial activities, and largescale systems development.
On the other hand, we also expect that the competition and expectations placed on technical
workforces will increase. Many technical workers will require specialized training or re-training.
We believe that this will create opportunities for top universities such as the University of Illinois
to distinguish themselves as they anticipate the changing needs of their students.
Sincerely,

Ikhlaq Sidhu
Visiting Professor and Center Director

These economic data are available from various sources, see, e.g., Trends, (www.crucialtrends.com) by AudioTech, Willowbrook, IL, (2003). In this report we have no intention to make claims regarding the effects to the
U.S. economy or U.S. core competencies.
1

1

"Tomorrow's scientists and engineers must be able to work in a global context. This
report and especially the rich input from industry representatives, provide a valuable
context in helping us to understand how engineering colleges fit into this equation and
can be positive forces that empower innovation on a global scale."
David E. Daniel, Dean, College of Engineering, University of Illinois

”Material scientists and engineers of tomorrow must be able to function in a changing
and global environment. As educators we must equip them with the knowledge and skills
necessary for them to continue to excel and be able to lead in this new environment. This
report outlines key areas that our students will need for them to remain competitive.”
Ian M. Robertson, Professor and Head, Department of Materials Science and
Engineering University of Illinois

“The fast progress in information technologies causes a profound restructuring of
knowledge creation occupations and facilitates the outsourcing of well-defined
components of knowledge creation processes. The American engineer has to look for
new sources of relative competitive advantage in this fast changing world, focusing on
component integration and on the integration of engineering products into broader
processes. We need to reassess our education programs in light of these changes, so as to
insure that our students stay competitive. This report is very useful first step in this
reassessment process.”
Marc Snir, Professor and Head, Department of Computer Science, University of
Illinois

“Colleges and Universities are increasingly struggling to provide engineering students with the
fundamentals needed for lifelong learning while at the same time providing opportunities to
explore interdisciplinary research, entrepreneurship, and develop teamwork and leadership
skills necessary to compete in today’s fast paced environment. This report provides several
valuable recommendations for curriculum reform to better prepare the engineer of 2010 and
beyond.”
Mark Spong, Professor and Interim Head, Department of General Engineering,
University of Illinois
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E2010 Executive Summary: Globalization and Education
Curricular Recommendations for the College of Engineering
I. Sidhu, M. Marvel, A. Yassine, B. Vojak, L. Hollis
Over a period of six months, we conducted in-depth pilot interviews with high-ranking technology executives from different
industries to understand the impact of globalization on the changing nature of engineering in the United States. The discussions centered
on the job functions likely to be outsourced, and the skills that will be required of engineering roles likely to remain or grow in demand
within the United States.
The results of the study have been broken down into three company types as follows2:
(1) Natural resource companies (oil companies, for example, that focus on finding resources)
(2) Component companies (companies whose products, tools, devices depend upon innovation under time pressure), and;
(3) Systems companies (such as consulting or automobile manufacturing that focus on system design and value for end
customers).
Our results indicate all three company types require excellence in fundamental engineering theory as a basis of competence for
their technical staff. However, each company type emphasized skills beyond fundamental engineering theory which they maintain will be
increasingly important given the continued effect of globalization. These skills primarily include 1) projects which integrate wider and
more holistic thinking about product or service objectives and 2) “softer” skills including (global) teamwork and communication skills.
This category potentially includes foreign languages and foreign exchange programs. The additional skills required by the company
categories, as well as their relative weight, can be seen in the following table2:
Skill Category
Fundamental Engineering Theory or design/coding abilities
Integrated projects and holistic thinking
Working in (global) teams,
communications, presentation,
leadership, softer people skills
Interdisciplinary T+M finance, legal/patents, supply chain issues
Interdisciplinary across Engineering or engineering + materials and
biological sciences
Breaking down systems,
reduction to specification

Natural
Resource
****
****

Component
****
****

Systems
Oriented
****
****

****

****

****

*

****

****

*

***

**

*

*

****

Component and Systems companies both placed a greater emphasis on interdisciplinary skills, including technology
management, and the ability to integrate multiple disciplines such as finance, law (necessary for patents), and the supply chain. They also
emphasized interdisciplinary skills across engineering, such as electronic, mechanical, materials and biological sciences. Systems companies
had the highest interest levels in the ability to reduce system designs to specifications (often required to manage supply chains and design
chains). In general, as the skill type was farther removed from the core competence of the company type3, then the more likely that the
corresponding positions would be outsourced.

2

Steele, L.W. (1989) Managing Technology. McGraw-Hill, Inc.

In the table, four stars represent a strong, virtually unanimous response. The number of stars shown is a qualitative
measure of enthusiasm and interest for that skill category by the corresponding company type.
2

3

Such as innovation for Intel.

i

Recommendations for the College of Engineering
Based upon our findings, we recommend the following curricula-oriented adjustments to proactively benefit engineering
students:
1.

Each department (Electrical, Computer Science, Mechanical, Material Science, Civil, etc.) should consider the industry
category (i.e. company types) and competitive behaviors of the category - where their students are likely to work - during the
process of curricula improvement. This recommendation applies for both the graduate and undergraduate curricula.

2.

Each department should consider whether it would be beneficial for their students if a greater balance of the educational
process be devoted to integrated projects in potentially interdisciplinary areas. Communication, teamwork, and business
context skills may need to be emphasized as well.

3.

The College of Engineering departments should begin to evaluate the differences in curricula that would be needed in order to
train future students to be leaders on a world-wide scale, as opposed to leaders in the local region. This may include
informally collecting worldwide comparisons and ranking data as opposed to national ranking data alone.
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Report of E2010 Results
Ikhlaq Sidhu, Matthew R. Marvel, Ali Yassine, Bruce Vojak, Laura Hollis
9/30/2004

Abstract:
The E2010 Project was designed to understand the impact of globalization on engineering in the United States. In this report,
we present the results of interviews with executives across a wide range of industries. We designed the discussion topics to understand
which job functions were likely to be outsourced, and to understand the skills required for job functions that were likely to stay or grow in
demand within the United States. A framework outlined by Steele has been used for analysis of the data4. As might be expected, we found
that the skills required are a function of the industry type. We further found that a large number of firms in the United States intend to
compete and retain technical personnel to either (1) locate and extract natural resources,
(2) lead in product innovation (with interdisciplinary knowledge being a key ingredient), or (3) build large-scale, complex, integrated
systems. The executives we interviewed prioritized a relatively common list of skill requirements in different ways depending on their
industry. These skills include knowledge of engineering theory, holistic design skills, interdisciplinary skills (either between engineering and
other sciences, or technology and business), some “softer” people-oriented skills, and critical thinking skills for integration processes. We
have concluded the report with recommendations for engineering curricula across departments.
Introduction
Anecdotal observation leads one to conclude that the nature of the engineering profession in the United States has changed
demonstrably over the past several decades and, that it is likely to continue to change into the foreseeable future. For example, a large
proportion of manufacturing engineering positions have migrated to lower labor rate areas such as Asia, Eastern Europe and Mexico.
Similarly, numerous software development centers have been established in India to address needs once fulfilled by the domestic US
workforce. Globalization has resulted in a wide range of jobs moving abroad due to related factors which include (1) low cost of overseas
skilled workers, (2) the availability of information technology and the Internet’s capability to allow global workforces, (3) the recent trend
of corporations to become more global in nature.
The impact of globalization on the engineering profession consequently creates a challenge to understand what it means to be
an engineer in the 21st century global economy, and how best to prepare the engineers of the future in terms of curricular development.
As educators, we must prepare engineers with the skills needed to drive and benefit from these changes. What will be the nature of the
engineering profession in the upcoming century? What new or enhanced existing skills will be required?
In the following pages, the challenges of globalization on engineering are presented in the context of new opportunities
expected from technological innovation, services, and the development of complex systems. In order to respond to the question of how to
best to prepare the engineers of tomorrow, we must first investigate and understand the changing role of engineering within the U.S.
economy.
Theoretical Framework
Although the landscape of the engineering profession is changing as a whole, the impact will naturally vary based on industry
type. Steele indicated that differing business types makes a corresponding difference in the needs of the organization, as well as how
competitive advantage is gained. Ignoring the type of business is dangerous because this determines many of the constraints under which
the business must operate and set priorities5. The type of business also affects the time horizon and the pace of the business, and it
strongly influences the modes of competition chosen. Certainly they affect technology and how it is managed.

4

See Steele, footnote 1, infra.
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See Steele, footnote 1, infra.
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The ways organizations compete drive their needs. Steele suggested basic building blocks of the competitive equation which
will be used in order to analyze differing organizations engineering and technology needs as well as the way they compete6. These differing
organization types include:
(a)

Natural Resource based organizations;

(b)

Component/service-oriented organizations;, and

(c)

Systems-oriented organizations.

Natural Resource-Based Organizations
Natural resource-based organizations’ principle business is locating, extracting, and refining raw materials. Examples include
mining companies such as Alcoa, BHP Billiton, Umicore, WMC Resources; and energy companies like BP Plc, ChevronTexaco Corp.,
ExxonMobil Corporation, Royal Dutch/Shell Group, and TOTAL S.A. . Such companies’ interests in technology revolve around
exploration, discovery and exploitation of raw materials. The ultimate consumer is somewhat remote and their specific needs are
practically invisible. Core competencies include the following:


Effectiveness of discovery,



Quality and magnitude of the resource base



Conversion efficiency.

Component/Service-Oriented Organizations
Component/service oriented organizations emphasize the value of the product attributes they offer a customer, which are
primarily based on special technology or low cost manufacturing. These organizations create products, tools, or building blocks used in
larger systems. Although they warrant that their products meet promised performance standards and price; they do not focus on the
integration of larger systems that will meet the ultimate customer’s need. These companies generally use innovation as a basis for
competition. They are concerned with appropriating intellectual property and technical advantage. The ordered list of competitive factors
for these types of companies includes:


Ability to create proprietary technology



Performance and features of products



Cost of production and distribution



Product line breadth



Reliability as a supplier
Component/service-oriented organizations are likely to attempt to increase their value-add by vertical integration. This may be

by backwards integration into suppliers or investments in core competencies of their own R&D. Examples of these companies may
include portions of Intel and other chip companies, the traditional view of GE, or electronic device and product makers such as
HP/Compaq.
Systems Oriented Organizations
These organizations focus on serving the customer’s needs by knowing and understanding the customer. Examples of systems
companies include conglomerates such as Siemens, IBM, Toshiba; consulting firms like Accenture, construction and automobile
manufactures including Ford, GM, CAT, John Deere, etc.
Systems-oriented companies offer solutions, not just capabilities. Instead of focusing on components, they place the highest
value on knowing the customer. In general, they regard technology as something one can acquire, while the critical ingredient is knowledge
of the system. They view vertical integration as limiting flexibility and making one vulnerable to shifts in the business environment. These
companies compete on the basis of the following:

6



Understanding the complex needs of customers and building good customer relationships



Efficient system integration and project management processes

See Steele, footnote 1, infra.
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Low cost sourcing of components and base technologies

A comparison of all three competitive models is summarized in the following figure:

Types of Technology Related Organizations
& Competitive Factors
Competition Factors

Fundamental types of business which rely on technology *
Use systems,
products, and
natural resources

Use systems and
materials

Use components,
products

Natural Resource
Organizations

Component/Service
Organizations

Systems Oriented
Organizations

Create materials
and fuels

Create “tools” or
“building blocks”

Create “solutions”

Exploration, discovery.
Resource base.
Conversion efficiency.
Capacity Utilization
Efficiency in logistics
Proprietary technology
Performance / features
Cost
Product line breadth
Reliability as a supplier
Post sale service
Service application requir.
Credibility with customer
System Integration
Project Management
Cost effective technology
Backwards compatibility

( Steele, 1989)

Methods
Within this framework, we chose to examine technology-based needs in order to respond to the research question. Interviews
were conducted with technology executives from world class organizations across a broad range of industry segments. The goal of the
discussion was to understand what skills and capabilities will be required of future engineering and technical workers in the United States.
Interviews took place in the Fall of 2003 and were analyzed using Steele’s framework of organization types and competitive factors7. The
following questions were posed to participant executives:
•

Which present engineering functions do you view as most likely to be outsourced in the future, and which do you anticipate will
remain in the United States?

•

Based on the engineering functions you believe will stay in the US, what skills will be needed from your technical personnel?

•

What will be the role of lead technical people in your organization?

•

How do you compete as a company?

•

What, if any, are the systemic advantages of the United States?

Results

7

See Steele, footnote 1, infra.
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The interview responses were analyzed using the framework of organizational types identified above. The results have been
organized as follows:
(1) What functions will remain?
(2) What functions will be outsourced ?
(3) What skill sets will be needed?
As the interview data were analyzed, a number of skill set themes emerged. By contrasting their typology to the above
questions, we assembled the following results.
Natural Resource-Based Organizations
In general, the risk of outsourcing engineering jobs is relatively low for in this organization type. This is because the natural
resource locations themselves tend to drive the behaviors of the firms. These companies tend to initiate projects wherever the natural
resources exist. They are also concerned with building centers of knowledge required to find new resources and extract and convert them
efficiently. Again, the movement of these centers of knowledge is difficult and not readily affected by globalization trends. Finally, many
of these organizations have large distribution systems and channels to get product through refineries and into the hands of customers.
These distribution systems cannot easily be moved or altered. Respondents indicated neither of these operating models is likely to change
due to globalization.
Functions which are likely to be performed outside of the United States included non-core competence engineering areas
including the creation, operation, and maintenance of accounting and finance software systems. One might assume that financial services
companies would view finance and accounting to be core to their businesses and would not target these functions for outsourcing.
However, in resource based organizations we found that financial or accounting systems are not viewed as core competencies and are
therefore more appropriate for outsourcing.
There is also a measurable trend of overall reductions of vertical scope in this industry. In the past, for example, oil companies
built the tools and systems used for drilling as well as operated the equipment and recovered the targeted oil. More recently, these
companies have started to focus on only the exploration and extraction component, leaving the building of tools and infrastructure to
other companies – which may be located anywhere in the world. This trend has resulted in greater dependence within their supply chain of
both products and systems on external companies often located outside the United States.
The following list illustrates the response of natural resource-based company executives when asked about the importance of
needed skill sets:
Required Skill Categories for Natural Resource Based Organizations (ordered by relevance)
1.

Fundamental engineering theory is primary basis of selection; broader skills are differentiators

2.

Ability to see big picture and be driven to achieve

3.

Teamwork – openness to take input from others, Ability to communicate and present

4.

Engineering Economics, Ethics

5.

Project based experience
Respondents articulated that fundamental engineering theory is the primary basis of selecting employees while broader skills

served as differentiators. They maintained that the ability to see the “big picture,” being achievement driven, and the ability to work in
teams were of particular importance.
Component/Service-Oriented Organizations
These companies compete by developing innovative products under tight schedules. Often, release schedules for each product
generation are fixed in advance. Next generation products go into the design process even before market feedback can be gathered
regarding the last product version.
Component-oriented organizations are not able to outsource their design engineering or even significant portions of it. They
will readily outsource those functions which do not directly contribute to the organization’s ability to create innovation. For example, these
firms find it difficult to perform round-the-clock (24 hour per day) development with design teams working collaboratively around the
world. The reason is that the tight constraints of time pressure prohibit these sorts of methods. For example, information necessary to
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resolve a particular component design issue may not be available due to another team member’s vastly differing geography, causing missed
milestones and project overruns. The breakdown is possible between product design teams and testing teams in different time zones.
Product design teams seem to only grow organically because of the interactions between skills, technology, processes, and overall
organizational knowledge. Testing teams, however, can be outsourced without excessive complication. We also note that while technology
development capabilities can not be easily be transferred overseas, they may be grown independently and later acquired. This is the
common method by which global product design teams end up being created and eventually integrated, but rarely through outsourcing.
Notably, most of the problems associated with globalization that were identified by executives involved interdisciplinary issues
and the ability to communicate with people of different skill backgrounds. One commonly cited interdisciplinary issue exists between
different forms of engineering (electrical, mechanical, computer science, etc). A second interdisciplinary issue exists between technology
and business context issues, including understanding of market dynamics, financial constraints, supply chain issues, product lifecycle costs,
and legal/patent issues. Executives responding felt that good engineers would need educational exposure to these related business and
legal issues. Some firms also mentioned interdisciplinary issues between engineering and biological sciences.
Areas likely to be outsourced overseas were those which did not directly contribute to innovation, including any functions
which can be reduced to specification or process. Executives indicated that manufacturing would be centralized offshore or localized
depending on cost of transportation of product and supply chain costs. In some cases, public relations issues with local markets affected
the decision of where manufacturing would be done. Telephone-based customer support repeatedly surfaced as having been moved or as a
potential candidate for outsourcing.
The following list depicts the ordered response of component/service-oriented company executives when asked about the
importance of needed skill sets:
Required Skill Categories for Component/Service Organizations (ordered by relevance)
1.

Basic design engineering and coding skills.

2.

Holistic product design, often complemented by project-based experiences

3.

Interdisciplinary skills

4.

a)

Technology + finance, legal, market, supply chain (light)

b)

EE+ME+CS… (within engineering)

c)

Between engineering, materials, and biological sciences.

Cross-functional/global teamwork, communication and presentation skills.
Basic design engineering and/or coding skills are considered fundamental. Component/service oriented organizations also

stressed holistic product design, interdisciplinary knowledge, ability to work in cross functional and global teams, as well as the ability to
communicate and present.
For these firms, there is a clear and increasing pressure to work at the edge of technology or at the higher end of the market.
When these companies’ products’ or services’ performance surpasses market need, these products are targets for imitators8. Executives
confirm that in some cases product companies intend to evolve into systems companies. However, as a digression, we note Steele’s
extensive comments regarding the difficulty of such a transition9. Component companies often lack the experience, organizational
structure, knowledge of the final customer, and management conventions to create integrated systems. Component/service oriented
organizations usually have autonomous market facing units - which makes assembling and pricing of integrated systems most challenging.
They also feel strong pressure to use their own products in the system which may not be the most cost effective or best solution.
Ironically, flexibility is viewed by systems oriented companies as strength, while component/service companies view this as a weakness.
Component companies, in contrast, believe a strong technical position, provides the best protection from competitors available.

8

Christensen, C. M. (1997). Innovator’s Dilemma. Harvard Business School Publishing

9

See Steele, footnote 1, infra.
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Systems-Oriented Organizations
The focus of these companies centers on system design and understanding customer requirements. Executives indicated that
one effect of globalization is changing business models, in which they begin to integrate services more deeply into their offerings in order
to increase switching costs to customers. For example automobile, airplane, and construction equipment manufacturers will look to use
information systems to link their products with maintenance services. These companies also have an increasing dependence on supply
chain for advanced components and possibly knowledge. Effective and efficient management of the supply chain, entrenched
relationships in design control, and intellectual property were all identified as key factors in their long-term success.
When asked which areas they thought were most likely to be outsourced overseas, executives indicated they will compete by
placing greater leverage of their supply chain. They felt the outsourced design of components will continue, as larger portions of the design
can be reduced to specification. These companies have a clear tendency to move to higher ends of the market, motivated by higher
margins.
The following list depicts the response of systems-oriented company executives when asked about needed skill sets:
Required Skill Categories for System Organizations (ordered by relevance)
1.

Fundamental Engineering Skills

2.

Project-based experiences and holistic thinking

3.

System design skills – include breaking down complex systems into subcomponents, critical thinking, ability to translate into
specification

4.

Program management and cross-functional/global teamwork, communication, presentation.

5.

Interdisciplinary specialized engineering skills (examples given include heat, ruggedness, sensors, electromechanical
interfaces…, also technology + business)
The skills needed included a strong emphasis on system design skills (including the ability to break down complex systems into

subcomponents), critical thinking, and the ability to translate into specifications. Program management also emerged as a needed skill set,
specifically the ability to manage subcontractors, resolve conflicts, and understand the “big picture” in order to arrive at the intended
solution.
Systems-oriented companies, in contrast to the other firms, focus on the complete and refined understanding of the customer’s
needs. The difference in skill set needs is reflected in their approach to offer complete “solutions” and not just capabilities. In general,
these companies view technology as something that can be acquired, and place importance on understanding the system and breaking it
down to components and specifications. These companies give highest priority to assembling a system and having technology components
supplied at competitive prices.
Limitations
One major limitations of this study is the small number of interviews with technology executives:
1.

There is also the possibility that hiring managers and high-ranking technology executives may not agree on future employees’
skill set needs. (Of course it may also be true that executives are simply ahead of the curve, and providing us with information
that will eventually become the hiring managers’ criteria.

2.

Also, due to the nature of data collection via interview, there is a relative effect to the weighting of skill set components.

3.

It is recognized that the needs filled by departments such as Computer Science likely cut across organizational types discussed
and are more likely to work across multiple disciplines.

Conclusions
In general, we expect continued demand for engineering functions which can contribute to holistic product innovation or to
the building of large-scale systems. We find that not all technical jobs can be exported on the basis of cost advantage. This is particularly
true in cases where the job function is highly integrated with the innovation process or integrated with a large scale system design and/or
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integrated with local customer communication. However, engineering functions which do not contribute to these main areas are more
likely to be eliminated over longer periods of time.
As mentioned, we have already witnessed an exodus in manufacturing jobs, phone-based customer support, software testing,
and certain types of software coding. A more subtle form of job export occurs in the form of higher reliance on supply chains for
products, systems, as well as services. Any subcomponent or service which can be reduced to specification (and thus produced more
cheaply elsewhere with limited or no additional design component) is potentially a target for off-shore outsourcing.
Reflecting on Steele’s framework and the results gathered, a number of themes emerge relative to future engineers’ skill sets10.
The following table provides a visual display of the identified skill sets and their importance relative to the organizational typology:
Skill Category

Fundamental Engineering Theory or design/coding
abilities
Integrated projects and holistic thinking

Natural

Component/

Systems

Resource

Service

Oriented

Oriented

Oriented

****

****

****

****

****

****

****

****

****

*

****

****

*

***

**

*

*

****

Working in (global) teams,
communications, presentation,
leadership, “softer” people skills
Interdisciplinary T+M finance, legal/patents, supply
chain issues
Interdisciplinary skills across Engineering, or
engineering + materials and biological sciences
Breaking down systems,
reduction to specification

All three types heavily emphasized fundamental theory as a requirement. Also requested by all three types were integrated
project-based experiences and holistic thinking. All three also strongly emphasized the ability to work in global team environments. More
qualitative (as opposed to quantitative) skills such as the ability to communicate and leadership also consistently surfaced. Further,
presentation and leadership skills were identified by all organization types.
Component/service-oriented and systems-oriented companies both placed a strong emphasis on interdisciplinary skills,
including technology, management and the ability to span areas of finance, law (necessary for patents), and supply chain areas needed for
issue resolution. They also placed emphasis on interdisciplinary areas across engineering such as electronic, mechanical, materials and
biological sciences. Although not particularly highlighted in the table, cross-disciplinary knowledge is much more relevant to the long-term
success of component companies, while system-oriented companies clearly emphasized the breaking down of systems into component
through specification.
Recommendations
As educators, we are concerned about the job skills that will be required of our future graduates, and how best to prepare them.
The results of this study may be used to better understand the organizations’ behavior given the current economic state, in order to
anticipate the needs of the engineering profession. It is our hope that engineering departments will use this study to produce broad
guidelines in order to prepare engineers of the future and position them to best benefit from economic changes. Based upon our findings,
we recommend the following curricula-oriented adjustments to proactively benefit engineering students:
1.

Each department (Electrical, Computer Science, Mechanical, Material Science, Civil, etc.) should consider the industry category
(i.e. company types) and competitive behaviors of the category - where their students are likely to work - during the process of
curricula improvement. This recommendation applies for both the graduate and undergraduate curricula.

10

See Steele, footnote 1, infra.
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2.

Each department should consider whether it would be beneficial for their students if a greater balance of the educational
process be devoted to integrated projects in potentially interdisciplinary areas. Communication, teamwork, and business
context skills may need to be emphasized as well.

3.

The College of Engineering departments should begin to evaluate the differences in curricula that would be needed in order to
train future students to be leaders on a world-wide scale, as opposed to leaders in the local region. This may include informally
collecting worldwide comparisons and ranking data as opposed to national ranking data alone.
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Appendix A: Industry Comments & Recommendations
The collected opinions generally convey acceptance of the study and recommendations, although many comments include
related points and, in some cases, disagreements. Most notably, some point out those even broad skills must be built upon excellence in a
single discipline and they question ability to create broader engineers without sacrificing the quality and depth of the current discipline.
However, we felt that more internal feedback would be needed before tighter recommendations should be made. Having said this, there is
substantial industry based opinion which coincides with the recommendations. These opinions were solicited randomly from active
College of Engineering alumni of the University of Illinois.3

…I think you have hit a sensitive area at a timely point, and I am pleased to see the University taking a proactive stance on this topic. I am
increasingly impressed by the need for systems integration, and the consequent difficulty in reducing component levels to specification.
Even though these "spec-based" components become the most likely target for off-shoring, there is strong presumption that the specs are
adequate to facilitate the eventual integration. In my experience, this is often unwarranted.
Unless the "soft skills" of the systems integration team are adequate to deal with design issues that are affected by nuance of culture,
geographic separation, multi-faceted science and engineering skills, etc., it becomes a daunting task indeed. Consequently, the
recommendations are good ones. I wonder if another perspective might include a desired work project "abroad" for a semester or a
summer intern during the student years, where the work has to report back to the campus in part. This would greatly augment the
perspective of a graduating student to the issue of collaboration across distance / time / culture.

I agree the key innovations will not be left to an offshore partner, key system components (as suggested, that can more or less be specified)
will be offshored.
[Yes, interdisciplinary skills are important, however,] two enormous gaps in key interdisciplinary skills cited are marketing and
entrepreneurship. When I graduated from U of I, I had literally never heard the word "business plan". At Stanford, where I went for my
MBA, undergraduate engineers eat and breathe business plans and startup stories. The greatest asset the US has is our ability to innovate in
the market. Meaning, our innovations target market needs and are therefore fundamental to the creation and growth of new, profitable
businesses.
If an invention relevant to the market is thought of by a PhD student and leads to a new company providing value to the economy, that is
the ultimate form of combating outsourcing. That enterprise can then outsource the pieces of it's business it finds appropriate to do so,
while maintaining ownership and wealth creation for the US-based enterprise. The U of I engineering curriculum when I went through
had zero focus on the market and what the world actually needed, and little lab work that also seemed disconnected from the market and
was done as an exercise, rather than having any shot at producing meaningful work. [… also, these] recommendations seem VERY soft on
driving to action and are without teeth or meaningful metrics.

I agree with the summary, however, the engineering curricula requires a little more robustness, especially when dealing with outsourcing.
One of the fears, is that as a result of outsourcing, only the experienced engineers will get opportunities and new engineers will have a
much harder time in joining the job force.
I agree with this concern and recommend that Engineering education include first semester in the senior year or the summer prior to the
senior year, in a foreign country doing certain very specific things such as interning in a company and doing engineering projects that are
applicable to the (socio, regulatory and natural) conditions of that country. In addition attend the university there.
This provides the following benefits:
1.
The hiring company (after graduation) will benefit from the international experience.
2.
Gives the student a true perception of the international competition and opportunities.
3.
The project experience will allow the student to have global thinking when they do their day to day activities in their work
environment, providing the employer the global edge.

3

In most cases, these comments are the views of the employees and alumni, not of the company.
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[… by the way,] I liked the philosophy of the Olin College model.
COMCAST
The study is a good start, as universities will have to make significant changes to maintain industrial relevance in 2010 and beyond.
[…]The reality in 2004 is that the products generated by leading universities are increasingly sitting on the shelf longer before being
purchased, are selling for deep discounts, and once purchased are replaced with greater frequency often with inexpensive high-quality
foreign products. (see reference example http://www.business2.com/b2/web/articles/0,17863,662569,00.html Regarding the framework
used to broadly categorize organizational typologies, consider drilling down from the three broad categories into sub-categories and then
prioritizing these sub-categories based on the University's core competencies, and comparing that with the evolving global needs as
expressed by observed hiring in each category, as well as comparing them with competing Universities' coverage of each category. A
histogram showing employment versus these typology sub-categories would help identify the areas where a change in emphasis would have
the most significant impact.

I do think that the university is on the right track, particularly with the Olin approach. Also, I think that they need to think on an
international rather than just national level. [aside …solar energy is an area where US has not yet made a major commitment, but the
Europeans, and particularly the Germans have…]

[I agree with the fundamental recommendations, however please note that that the M.S. degree is fast becoming the minimum requirement
in many organizations such as mine that are more research oriented. [I agree that the universities like Illinois will need to compete at a
world-wide level, and not a national level. There is really no debate about this.]

The world is becoming a much smaller place with the increased ability to communicate at the speed of light. As a result, the engineering
function is becoming much more global and approaching engineering education from a global perspective is an excellent idea. However,
now more than ever, industrial production takes place at the local level. The implementation of lean business practices mandate reduced
inventories, just in time deliveries etc. As a result future plant support infrastructure is becoming more regional. The need to reduce
shipping and handling costs is becoming more of an issue.
Therefore, consider carefully the notion to train Industrial or Manufacturing Engineers as global leaders when their day-to-day work will be
centered around a certain region. Most industrial companies are in business to manufacture a product that they sell for a profit. World
class engineering is a necessary ingredient of this goal but so is reducing structural costs which will be regionally based.
I recommend that you emphasize project planning and management that meets the need to manufacture a product that is sold for a profit.
The need for effective communication is a necessity for all successful engineers. Highly developed written and oral communication skills
are required to take ideas from thought to profitable production. Spare no efforts in this area.
Training across disciplines is industry specific and as a result should be considered within each Engineering Department. For example an
Aeronautical Engineer working in the aircraft industry will need a different cross functional skill set than a Chemical Engineer working in
the Chemical Industry. However, knowledge of finance, economics and the time value of money is necessary to develop products that can
be manufactured and sold for a profit.
Training in the psychology of leadership is another area lacking in current engineering curriculums. Understanding the role of a leader and
effective ways of leading people and projects deserves more formal training at the undergraduate level.

It made a lot of sense. What you conclude is what Siemens is doing. Siemens is defining core competencies for each sector, division and
functional area. Looking at non core competency areas as areas that must be outsourced-not necessarily offshored, but outsourced to either
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low cost countries or to experts. Project management is being improved across: Siemens companies; companies within English/German
speaking countries; and, across country/culture/time zones. Tools are being developed that allow project management across these various
entities. At some point, country boundaries will no longer be seen. Instead, we will be looking at sourcing talent where the talent is best for
the business, regardless of country. With this said, does UIUC have the teaching talent to share what you are recommending? If not,
perhaps we can help.

I would emphasize the importance of engineering economic analysis (the course I use most in day to day work), knowledge management,
and facilitation/business writing courses. These skills are most important in the global economy. Also, a contracts/patent course would
assist most people with engineering backgrounds.

I am deeply concerned by the trends towards interdisciplinary engineering training in this country. As you may know, some University of
California schools offer only a degree in Engineering, with no specialty at the undergraduate level. My experience in working with these
graduates (with no graduate school education) is that they need to be taught the fundamentals of an engineering discipline before they can
be useful in the workplace.
If the undergraduate engineering degree is to have any stand-alone value, it is vital that degree specialization be maintained, indeed
embraced. While exposure to interdisciplinary studies is a nicety, good engineers will develop this appreciation immediately upon
graduation.
As to increased exposure to business, product management, intellectual property rights, supply chain, etc., I fear that such exposure will
weaken the fundamental engineering education that has made the University of Illinois a leader in the world. If I were to recommend
strengthening "out of college" exposure, it would be only in written and verbal communication skills.
Global leaders must recognize the importance of fundamental discipline-specific engineering education and acknowledge that good
engineers have been pursuing supplemental finance, business, legal and interdisciplinary engineering studies for decades, AFTER
completing our undergraduate education. I see no need to dilute discipline-specific engineering education to counter globalization trends.
Vanilla engineers, with a broad exposure to business, legal and other disciplines, are NOT better equipped to deal with the engineering
problems of the 21st Century. Solid U of I engineers can address those problems. Then, those who are so inclined, will acquire the skills
necessary to become supply chain experts, intellectaul property experts and product managers. If we dilute the undergraduate degrees, we
only produce weaker engineers and even weaker product managers.
Call me conservative, but I firmly believe in the importance of discipline-specific engineering education and suggest that those who would
like a more vanilla-like degree seek graduates from the University of California undergraduate departments.

I have observed that Engineers are being increasingly asked to come up with many more innovations. They are becoming knowledge
workers and fresh ideas are being demanded by management. The current University curriculum does not fully prepare students for this
kind of work environment.
The Olin model is a better one. The University needs to be a place that fosters creativity, ingenuity, and take a hands on approach. It is
important for students to develop their intellectual curiosity, enlightened exploratory approach, as well as the more traditional critical
thinking skills.
I heard one CEO say its as if the engineering jobs in the United States are moving “up the intellectual food chain”. We are outsourcing the
more mundane and routine jobs that have been “figured out” to low cost countries and the place that engineers will be adding value now
and in the future are with fresh ideas, fresh perspectives, and a creative approach designing, inventing, and building new products,
machines, and solutions to improve our standard of life.
Some smaller companies that understand this include www.ideo.com and www.dekaresearch.com.
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[…] The main jist of this seems to be the second statement on the final page "That each department consider whether it would be
beneficial for its students if a greater balance of the educational process should be given in integrated projects and in potentially
interdisciplinary areas."
I have consistently been a supporter of integrated programs, both while I was at Illinois and here at IBM. At IBM we are using the term
"holistic design" in the sense that all levels of the technology stack need to be considered early and in parallel when we are developing
system solutions if we are to fully optimize our products. In that integrated approach we rely on domain experts that have a deep
understanding of their area and a breadth of knowledge that extends into the surrounding areas, albeit at a reduced level. When we look to
hire students, and we only hire PhDs, we look at their core skills, then we look at how innovative the student has been as demonstrated
through publications etc., then we look at the activities outside the classroom and research lab. Do they have real experience where they
have been able to apply their skills through having been a coop or summer intern or a professional?
If I think back on my excellent undergraduate education at Illinois and try to map my statements onto education at that level. I keep
coming back to one main thought. There is a great deal for undergraduates to learn about their own discipline. I wonder if integrated
programs at the undergraduate level dilute the opportunity for building a foundation of basic skills in any domain? Do we produce broad,
but shallow, students? I do believe that the most creative, most energized environments are the ones wherein people with diverse skills are
brought together to solve a systems problem that requires all of their skills. They combine the skills that they have development through
focused work in their own domain with the skills and talents of engineers/scientists from other domains and educate each other. For
myself, I gained that cross-disciplinary experience as a coop student during my undergraduate career. That experience benefited me greatly.
But that activity was in addition to my studies in a core area, not in lieu of. As a graduate student, I worked on plasma displays, which is a
very cross-disciplinary program. I think that is why I choose it. What I brought to the table in that group was a set of skills in electrical
engineering that had been developed by a focused undergraduate set of studies and enhanced by my industrial experience. I did not know
anything of gas discharge physics or the materials and manufacturing involved in plasma displays when I started. I didn't need those skills,
there were others in the group that I learned from and I had already "learned how to learn."
While I was at Illinois as a PostDoc I began talking with the ECE administration about starting a senior lab wherein we would seek out
projects in other departments on campus that could benefit from the participation of an ECE student. The idea came from a friend of
mine in landscape architecture that needed some help generating an image processing application, so I engaged in a joint program with
him. Ultimately, I located an undergrad student capable of handling this task. The student benefited in many ways: he learned a great deal
about the other discipline, he was able to apply his classroom learning to a "real" task, and it looked great on his resume. Having said that,
it was the student’s core classroom work that supported the broader application of those skills.
The college experience is mainly "to learn how to learn" and to develop a set of foundational skills in a domain that is broad enough to be
of value and deep enough to support a thorough understanding of the discipline. I am a fan of cross-disciplinary work, and believe the
students should be encouraged to seek it out, but it should be used as an "extra" when it comes to undergraduates. A friend of mine once
told me to use a product for what it was intended, e.g. to don't use an insurance policy as a savings account. When we recently wanted
domain expertise in biology to work with our semiconductor development teams at IBM we hired biologists to work with our electrical
engineers. We did not tend to hire bioengineers. We believe that smart people from diverse domains will feed intellectually off of each
other, they do not need to be trained formally in all the areas of a specific project. I would think that this applies even more so to
undergraduates. They are most valuable when they bring a deep understanding of a domain and are able to apply themselves broadly going
forward based upon that understanding.
These are my opinions, not necessarily IBM's.

Your idea about looking at University rankings globally is compelling, although given the very different cultures of academic worldwide, it
may make sense to look at it from a survey perspective rather than a comparative study – there are an inflated number of masters’ students
in the US who come from abroad, and almost no PhD students at all coming out of such undergrad powerhouses as the IIT system. It may
be interesting to, instead, track the career paths of students in the various locales to see who is doing the pertinent work, and where.
I like how your assessment focuses on core competencies, and does not recommend bootstrapping to a current set of technologies hat may
or may not survive the test of time.
What I am seeing is a trend towards “leadership” – most of these are great, solid programs that give unique opportunities to students. But
not everyone is in the business of hiring leaders – individual leaders often do not understand teamwork and team building skills – so I’d
like to see an increased focus on that. Mastering teamwork dynamics is [a] key, as is the willingness to recognize that Computer Science and
Engineering are only going to become more interdisciplinary.
The biggest things we see as voids in education are exposure to (1.) security – in all its iterations: information security, reliability, privacy
and (2.) understanding the importance of good technical and social policy. Security is one of those things that we are unlikely to outsource,
given its critical nature, and can be a place of huge innovation. UIUC has some of the best minds in Security, or what we call more
holistically, Trustworthy Computing, so this is a place for UIUC to shine.
Also, EPICS is a program we think is wonderful for skills training and workforce readiness, and also has a side advantage of retaining a
significant amount of students of underrepresented populations -- http://epicsnational.ecn.purdue.edu/index.php
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[Please consider these areas as relevant and needed skills in our industry…]

•

Virtual Management - managing remote teams and sites

•

Cultural training in addition to language - international assignments during school

•

Import - Export rules and regulations

•

Patents and IP - protection and revenue generation

•

Importance of Languages in the new world. Engineers have historically not been required to be fluent in anything but English

•

Immersion in the various cultures. What are the opportunities to be "trained in the US" but able to work in any country in
another language. Engineers who have multilingual capabilities a tremendous advantage.

•

How do US trained engineers get close to customers who may be in other parts of the world?

CH2MHILL
Since CH2M HILL is most closely associated with the Civil and Environmental Engineering Department at the U of I, and since I’m a
Civil Engineering graduate myself, my comments primarily around that area and the fact that we are typically the ones who obtain
Professional Engineering licensure.
The future of CEE graduates will be determined by some of the factors listed in the Executive Summary, but will primarily be affected by
the outcome of ASCE’s suggested approach to having the Master’s degree or equivalent as the first professional degree (Academic
Prerequisites for Licensure and Professional Practice - ASCE Policy Statement 465). This will obviously impact future enrollments and
total graduates produced in an area that has not typically seen the outsourcing that other areas have experienced.
Quoting ASCE’s Policy Statement 465,

“The practice of civil engineering at the professional level means practice as a licensed
professional engineer. Admission to the practice of civil engineering at the professional level
means
professional
engineering
licensing
which
requires:
•
•
•

A body of specialized knowledge as reflected by a combination of a baccalaureate degree and a master's or
equivalent (MOE)
Appropriate experience
Commitment to life long learning

The required body of specialized knowledge includes a technical core, technical electives, a non-technical core and technical and
non-technical courses to support individual career objectives. The current baccalaureate civil engineering degree is an entrylevel degree that may no longer be adequate preparation for the practice of civil engineering at the professional level.
The civil engineering profession is undergoing significant, rapid, and revolutionary changes that have increased the body of
knowledge required of the profession. These changes include the following:
•
Globalization has challenged the worldwide geographic boundaries normally recognized in the past, primarily as a
result of enhanced communication systems.
•
Information technology has made, and continues to make, more information available; however, the analysis and
application of this information is becoming more challenging.
•
The diversity of society is challenging our traditional views and people skills.
•
New technologies in engineering and construction are emerging at an accelerating rate.
•
Enhanced public awareness of technical issues is creating more informed inquiry by the public of the technical,
environmental, societal, political, legal, aesthetic, and financial implications of engineering projects.
•
Civil infrastructure systems within the United States are rapidly changing from decades of development and
operation to the renewal, maintenance and improvement of these systems.
These changes have created a market requiring civil engineers to have simultaneously greater breadth of capability and
specialized technical competence than that required of previous generations. For example, many civil engineers must
increasingly assume a different primary role from that of designer to that of team leader. The knowledge required to support
this new market is found in the combination of an appropriate baccalaureate education and the completion of post-graduate
courses sufficient to attain a master's degree or its equivalent. “
This pretty much sums up the direction of the Civil Engineering profession and, while I personally disagree with the Master’s degree
requirement, sets the stage for additional pressure for Universities to examine what they’re doing and make adjustments to keep up with
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the marketplace. Related to this, I support a more detailed B.S. program requiring more than 4 years of class work, and consisting of
additional requirements for humanities and social science courses, in addition to more business or marketing courses. I believe that
several schools have already started down this path by offering 5-year B.S. programs that I believe should be considered by the U of I.
I also passed the Executive Summary on to others within CH2M HILL who might have different backgrounds and perspectives. Here are
a few comments from three other University of Illinois graduates at CH2M HILL:
“This executive summary squares with what I have been hearing out of the Forest Products industry, which increasingly
becoming global/multinational through mergers and acquisitions around the world.
One of the most common themes is that of a more multi-discipline education that includes business, foreign language (Chinese,
Spanish, French, and German in particular), communications skill (both oral and written), and critical thinking.

Universities in large measure are structured around discipline silos, which promote
specialization and significantly impede cross discipline curriculums.”
*********
“this is a lofty assignment. I would mention one observation/trend I've noted in recent
years with some fairly new engineering graduates--a reliance on computer software
applications to do their thinking for them rather than critical thinking for themselves.
This is hard to express elegantly, but higher education needs to be better teaching
critical thinking on all topics rather than focusing on how to use software
applications.”
*********
“My perspective is as a leader/manager focused in (detailed) design services and
construction services for CH2M HILL's clients, across several business groups (albeit
primarily Water, Transportation, and a slice of Environmental)…The bulk of my
perspective relates to infrastructure for local/state government-type clients. Here are
some thoughts…
•
•

•
•
•

CH2M HILL currently has an offshore detailed design capability, through a
contract-type arrangement with an engineering company.
This capability is focused/limited, for practical purposes, to strictly detailed
design. Say the latter 50% or less of an overall facility design effort.
Applicable/effective in stage of effort where tasks trend to more "production"
or "by rote" characteristics.
This capability was obtained/intended for WBG-type design (treatment plants
and such) for non-North America work. It is less effective/ applicable for
work in North America, particularly for public infrastructure clients.
The statements in the 3rd and 4th paragraphs ring true to me.
On a personal note...I went through the General Engineering curriculum for
my BS ('73…), followed by MS-Environmental. Looking back, the GE
approach seemed to fit some of the descriptions in the (Executive Summary)
ES -- interdisciplinary, integrated project based experiences, holistic
thinking.”

Thank you for the opportunity to review and contribute to the Executive Summary discussion.
I’m sure the outcome will be felt for many years to come.
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I agree with the stated objectives of emphasizing cross-discipline training and global perspective. However, the industry and the
supporting specialty contractors will continue to have the need for professionals with specialized and in-depth technical training.
Therefore, the challenge for the student advisors and the career services people, will be to identify those students with the interest and
capabilities to pursue the appropriate path early i.e. broad/cross disciplined vs specialized/in-depth.

"The risk of outsourcing engineering jobs for natural resource based companies was
relatively low. Functions likely to be outsourced included non-core competencies such
as accounting and financial systems."
With the recently released attestation standards for SOx released, I would rethink this statement. There are too many risks around controls
that may prevent such wide-spread outsourcing of accounting and financial systems.

"Program management also emerged as a need in order to manage subcontractors,
issue resolution and the need to understand the big picture in order to arrive at the
intended solution."

Program / Project Management is a key activity to successful outsourcing. These skills
along with those of Business and System Design/Analysis validate the cross disciplinary
requirements and their architected solutions.
"All three typologies heavily emphasized fundamental theory, integrated project based
experiences and holistic thinking, working in global team environments."

I agree that fundamental theory, integrated project based experiences, and holistic /
systems thinking are skills that will be leveraged in any outsourcing project. And their
importance increases in that order.
"...greater balance of the educational process should be given in integrated projects
and in potentially interdisciplinary areas."

Highly agree. In my educational pursuit at UIUC I balanced a CS core with ME and
SOC in order to formulate an application knowledge based in (world) reality.

[I generally agree with the summary and recommendations…]
I would add in our business, we lack strong leadership skills. The skills that can organize a project, communicate effectively, push the work
through, become the expert, sale the product to upper management, assist in testing and implementing the product in the field, global
travel, manufacturing transition, and post launch support. We're not seeing this [in new graduates].

I agree with your preliminary results in the executive summary. I would like to emphasize the need for more engineering and construction
project management for manufacturing and production organizations. Although manufacturing and production companies can outsource
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engineering and construction, they need knowledgeable project engineers and project managers to represent the company during the design
and construction process. These project management positions require excellent organization, communication, leadership and presentation
skills. I [also see the] movement of manufacturing to off shore as you noted in the summary. The summary is right on from my point of
view.
Ex-CEO and Venture Capitalist
Thanks for sharing your report on the future of engineering education. [Note, ] the summary, in my opinion, has been too condensed, to
the point that coherence may have suffered… [Commenter points out a number of un-clear statements and statements lacking sharp
conclusions such as…] I have been involved in Orient sourcing and manufacturing since 1978 and I don’t know what you are saying other
than in foreign countries communications will be an issue -which is obvious.
Turning to the substance of your report, whatever your sources told you is valid as to their opinion. Time will ultimately access the value
of those opinions. For whatever value it has, I will offer you my view of what the future looks like for engineers and the impact on
engineering education. Like your study, I agree that civil engineers, as an example of your natural resources type business, are not likely to
have the brunt of their work exported to India or China. As to the balance of the various engineering functions I don’t see the future
much differently from some of the changes that technology itself has brought to the profession. Graphic software programs such as Cad
Cam or Solid Works sped up, inter alia, the design process and eliminated acres of engineers toiling over drafting boards. Yet, the need for
engineers was not eliminated. Similarly, the increasing use of sophisticated accounting software has not eliminated the need for controllers
and CFO’s, the analyzers and decision makers. It may, however, have had a considerable impact on data enterers, but not on the
interpreters of the accumulated financial information of a business.
The future of engineering is likely to face the same shift. As the tedium is removed, the focus will shift to decision-making and
conceptual analysis. The final detail in the design of a circuit or the component of a machine may be performed by an engineer in
Dongguan, but the specifications and design review are more than likely to be performed by an engineer vetted by the hierarchy of the
company and therefore close to home.
As more and more elements of products become routine or standardize, the need for a talented engineer will diminish as to these
standardized elements. American engineers will have to be working at the frontiers of development and innovation, where matters have
not been standardized.
How should that view of the future be translated into relevant course work for today’s engineering students? Obviously a generalization is
going to be wrong in many ways, so it has to be considered as directional rather than absolute. But I believe the more successful engineer
will be the more rounded engineer; one capable of synthesizing solutions and also capable to effect the solution through other people and
organizations, some of which may likely be foreign based. And since the future has innovation written very loud, the student should be
exposed to a broad spectrum of new technologies, even if only in survey courses. Specialization may have to be more and more deferred
to graduate study, as the undergraduate program becomes more of a broader curriculum. Undergraduate courses should focus more on the
theoretical and less on the handbook implementation. Communication skills will become more essential, especially written
communication. The lingua franca will be English; time should not be devoted to foreign language studies at the undergraduate level; too
many other knowledge issues warrant a higher priority for an engineer. The design process will have an increasing management
component so some exposure to what make organizations and people tick will prove a valuable component to any modern engineer’s
background, whether it is a humanities course or a course in modern management.
More effort needs to be made to demonstrate to engineers and science majors that their work is a creative effort and that creativity is not
solely the domain of artists and musicians. The future for American companies and those working in such companies is going to be based
on their innovation and resulting new products and services. Young engineers should be exposed to the creative process as demonstrated
in science and engineering. The creativity may not be teachable, but the process of seeking creative solutions is.
Finally, the issue you raise concerning local vs. worldwide engineering leaders should be something that comes easy to the College of
Engineering at the Univ. of Illinois. Law schools have dealt with the issue and we should deal with it in a similar fashion. The national law
schools that one thinks of as having prestige focus on the legal thought process. Local law schools focus on having their students pass the
state bar exam. And while the local school graduates may prove more proficient in the first or second year of their practice because of
their practical local knowledge, in the longer run, the conceptual education supports higher-level career achievements. The U of I’s
engineering program should adopt the national law school model. Our graduates should be destined for national and international
responsibility.
Ex-CEO and Investor
I did have an opportunity to read the paper and largely support it's claims. The only real feedback that I can provide is regarding your
recommendation #3. I fully support this recommendation; the addition of project or program management course(s) in an engineering
curriculum would be valuable. In my career in telecommunications, I've been involved with numerous projects that were managed from
the US and performed overseas. I've had success with these projects but by in large, nothing in my formal schooling prepared me for these
activities.
Telecom Executive and Investor
This approach is useful for identifying trends and macro-level sea changes in the engineering environment. [I ] felt the recommendations
for action could be strengthened. They are too general and passive to suit me. Would be really useful if you could point to some
department that is responding to these fundamental changes in the educational environment in an admirable way to serve as a model and
benchmark.
Anonymous
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Overall, I commend your efforts and I agree with all of your recommendations. It is high time UIUC changed its curriculum; it has always
been a super traditional engineering program, and it is time it modernized the program to the changing world.
[These comments should not undermine the value of a Ph.D. education that creates ] the top notch expert in the field. However, for a
boarder cross section, it is CRITICAL that all engineers get some basic business skills: finance/accounting, marketing. At UIUC, […] all
my engineering were EE classes, I was not forced to take other engineering classes. [and this should be changed].
The goal should be to nurture a confident, all-around, well educated engineer that can be technical yet understand business and global
issues. […] The education should be far more project-based [and their should be] tie-ins with corporations and non-profits.
Anonymous
I don’t know that I agree with the Executive Summary conclusion, “the risk of outsourcing engineering jobs for natural resource
companies is relatively low. Functions likely to be outsourced include non-core competencies such as accounting and financial systems.”
Someone may wish it to be so but that will not necessarily make it so. It seems to me that the heavier reliance of accounting and financial
systems on interaction of people than engineering would lead to the opposite conclusion. Of course, the incentive to outsource is the same
irrespective of discipline, to save money and create value. The U.S. is a financial and innovative center. We can sustain that if we are
willing to ascend to higher order creativity. I do not see the level of entrepreneurial willingness to take risk in the U.S. to make this happen.
This concerns me about America’s future. If we allow innovative and creative technical skills to move off shore, then the U.S. is on its way
to economic collapse.
It is hard to know what the future and globalization hold with respect to patents. Globalization has forced the politically recalcitrant U.S.
to recently invent the new category of Provisional Patents to protect U.S. intellectual property from foreign theft. However, some nations
are criminal with respect to intellectual property (e.g. China). A method of short circuiting criminal governments is to expedite intellectual
property. That is, eliminate the monopoly property rights of patents. I predict the Internet will one day find a way to link inventors with
venture capital and manufacturing and distribution. When these linkages are expedited in the form of more perfect markets as offered by
the Internet, the need for the extreme property rights protection of patents may be substantially diminished. Shorter or no monopoly
protection by patents would be a benefit to the general public. An inventor should not deny the public of the benefit his idea can offer to
make the world a better place. He should feel a sense of urgency to mass produce and sell his invention.
“Softer skills such as communication, leadership and ability to present … “ relate back to my discussion of engineering being a profession.
A true “professional engineer” needs these skills. The question engineering educators have to ask is which do you create first … or
perhaps first does not matter as long as both technical skills and soft skills are present in the individual.
With my most visionary futurist hat on, it seems to me that the most important thing to build into curriculum change is flexibility. The
world is changing rapidly and the pace of this change is not going to subside. Therefore, the reasonable view is that the pace of change will
continue to accelerate indefinitely. [This comment has been truncated due to length]
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Appendix B: Olin College Engineering Curricula
This is an example of holistic, project-based engineering education at the undergraduate level. Clearly, Illinois is a very different type of
school than Olin and as such we do not recommend this model. It is being provided only as an example of an alternative to
traditional engineering curriculum.
THE OLIN COLLEGE CURRICULUM VISION
FALL 2001
D. V. Kerns, Provost
I.

Introduction:
This document serves as a summary and guidebook for curricular development at Olin College. The founding faculty have
followed the strategic plan outlined in the separate document, Invention 2000, and have constructed a set of principles on which
the future development and refinement of the Olin College curriculum will be based, consistent with the founding vision of the
trustees. These concepts are summarized here. There are a number of supporting documents including reports from curricular
retreats, faculty meetings, and faculty committees focused on various aspects of the curriculum development.

II.

The Amazing Vision
The founding vision of Olin College is expressed through early memoranda of the founding trustees and related conversations
with the founding president and the leadership team during the first year of operation of the college (1999-2000). The arrival of
the first faculty the following year (2000-2001) provided the opportunity for substantial dialogue including visits to existing
schools, retreats, numerous faculty discussions and faculty white-paper reports. The arrival of the second group of faculty (Fall
2001) provided increased diversity of backgrounds and experience, and more detailed dialogue regarding optimum curricular
approaches. Curriculum development was greatly enhanced by the arrival of the “Olin Partners” and the opportunity for faculty to
evaluate various curricular approaches with students. This report contains information from a variety of these sources and credit
must be given to all who participated in the Olin community.
Olin College was created to establish a model engineering program. Olin College was conceived to be a college that addresses
many of the concerns identified by the NSF coalitions regarding engineering education as well as a variety of other issues systemic
to most existing engineering programs. Olin College was intended to be agile, and responsive to change. The College seeks to
institutionalize a culture of continuous improvement and set the highest bar for quality. The Olin culture is to be student centered
with a passion for undergraduate education in an environment of personal attention and concern for each student. The College is
not to be a copy of any other institution but seek new and innovative approaches to engineering education.
Olin College will not be just a teaching institution. Faculty cannot teach what they do not know, and engineering knowledge
becomes outdated within a matter of only a few years. Consequently faculty and students will nurture a culture of innovation,
inquiry, problem-solving, entrepreneurship, research, or other means of intellectual vitality to insure that faculty stay current with
the latest developments in their field, that they are encourage to explore interdisciplinary areas, and that faculty transmit the results
of this intellectual vitality to students both in and outside of the classroom. The voice of industry is critical, and the Olin
curriculum will include consideration of industry’s needs.
Therefore, to implement this vision, Olin College recruits exceptional faculty with a passion for inspirational teaching,
undergraduate education and for working closely with students inside and outside of the classroom. Olin College will nurture the
needs of young students including intellectual growth and development, as well as social and personal development. The
intellectual vitality, including research, entrepreneurship, inventions and other activities for keeping current in their field will be
valued and supported by the College and faculty will seek to feed back to student this information to inform, enliven, and enrich
each students learning.

III.

The Vision of the Olin College Curriculum
The Olin College Curriculum will be structured to “open doors to student possibilities”. This implies that the curriculum structure
will not channel or focus students early into specific areas and limit their flexibility for future options to move into other related or
even non-related fields. The early years of the Olin College curriculum will provide a strong solid foundation that will be an
exceptional basis for all forms of engineering study, but also for other disciplines as well. There will be some student choices, and
flexibility, even in the early years.
In addition, the Olin curriculum will seek to educate the whole person. This implies supporting not only the engineering, scientific
and technical education of students, but also nurture other non-technical aspects of health growth and maturing.
This vision for the Olin curriculum is illustrated graphically by what has come to be known as the “triangle model” illustrated in
Figure 1. This concept was first introduced by Professor Dabby in a white-paper as “the Renaissance Engineer”, and through
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months of discussion and development, adopted as a founding precept of the curriculum.

FIGURE 1. The Olin College Curriculum “Triangle Model”
This triangle shows a superb engineering education at the top. Olin graduates will receive an engineering education comparable to
that of the best engineering schools in the country. This implies Olin College students will acquire an in-depth working knowledge
of science and mathematics core material and related engineering foundation knowledge. The manner in which this knowledge is
acquired may be non-traditional, involving more projects, and close coordination of material, traditionally taught separately, such
as physics and introductory engineering topics.
Another corner of the triangle indicates that Olin students will also experience a curriculum that provides elements of
entrepreneurship and entrepreneurial thinking. This is broadly defined to include not only the fundamentals of business, enabling
Olin students to understand the vocabulary of business and consider a future engineering career involving starting their own
company, but also the broader aspects of entrepreneurship. These broader concepts include learning organizational and teaming
skills, financial and marketing issues, and marshalling resources to accomplish a specific goal. Throughout the Olin curriculum, an
effort will have been made to weave threads that emphasize the importance of a spirit of philanthropy and high principles, values,
and ethics.
The final corner of the “triangle model” addresses the arts, and broadly encompasses creativity, innovation, and design. It is hoped
that design will move toward the center of the Olin curriculum. One cannot design what one cannot imagine; therefore, enhancing
creativity is an important precursor to effective design. Creativity and innovation expressed by activities such as student research
provide strong educational value. Also imbedded in this dimension of the curriculum is the notion that the performing arts
provide important life skills and capabilities. Vigorously preparing for a future moment in time when one must produce one’s best
work product is important to practice and to become comfortable in the process. Olin students typically have at least “one other
passion” in addition to their engineering interests, and Olin will help nurture this intellectual diversity.
Creative and effective design when combined with entrepreneurial thinking and superb engineering comprise the ingredients for a
superb education, educating multiple dimensions of student’s lives and enabling Olin students to develop careers of leadership and
positive contributions to society.
IV.

Specific Levels of the Olin Curriculum
It has been decided that the Olin curriculum will include three levels. These are:
A. A Multidisciplinary Foundation
This is a broad-based preparation for many areas of engineering study and for other fields. It spans the first 1.5 to 2 years of
undergraduate study and provides students with a superb foundation for engineering study including relevant mathematics,
physics, biology, chemistry, engineering essentials, and also significant appreciation and opportunities in the humanities, social
sciences, and the creative arts.
B. The Specialization Phase
This involves curricular content that provides in-depth student education in particular engineering specialties or disciplines. This
phase of the Olin curriculum is where students will select major fields of study, and choose learning experiences that support their
intended major.
C. Realization
This is the final phase of the Olin undergraduate curriculum. It includes an authentic, ambitious capstone project. This typically
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completed at the senior level and is representative of a project experienced in professional engineering practice. It most often
would be implemented in teams and involve multi-disciplinary components including at least elements of artistic/creative design
and entrepreneurship.
V.

Selected Curriculum Goals – the “Bold Goals”
The faculty unanimously agreed on a selection of goals for implementation of the Olin curriculum. These are:
A. Hands-on design projects in every year.
Problem based or project based learning will be an important element of the Olin curriculum. In each year students will have
substantial component of their learning experiences based on projects, often open-ended projects. The project content may vary
by year; it is expected that later years will have higher project content than early years.
B. Authentic, Ambitious Capstone Senior/Advanced Student Project
The final phase of the Olin curriculum (the Realization Phase) will include an ambitious project undertaken by a team of students.
C. The Olin Curriculum will include experiences for students to work independently, as members of teams, and as leaders of
teams.
D. The curriculum will include opportunities for students to perform before
an audience that includes experts in the field of the presentation or performance.
E. The Olin curriculum will contain an international or intercultural
immersion experience. Olin College recognizes the globalization of engineering and the importance for future graduates to
develop comfort in working in other cultures. To develop these skills, a component of the curriculum will involve engineering
activities in a foreign culture and a requirement to relate those activities to the students’ primary course of study and home culture.
The Olin curriculum will seek to provide an option for some selected students to conduct a part of their specialization coursework
outside Olin, if they have a strong international orientation. If this option incurs significant additional expense, the student may be
required to help offset cost.
F. Substantial Constructive Contribution to Society:
The Olin Curriculum will seek throughout to develop a spirit of philanthropy and giving back to the community. As students
mature and develop their own sense of social responsibility, faculty will assist in guiding their concurrent development of a spirit
of philanthropy so that they will seek means for voluntarily and graciously supporting the local and global community in ways in
which they may best contribute. Developing a culture of philanthropy or “giving back” freely and without expectation of personal
gain, will be a hallmark of the Olin experience.
G. Ability to communicate logically and persuasively in spoken, written, graphical and visual forms. Communications in all its
forms is vital to effective engineering practice and to leadership and success in all aspects of life. Olin College will strive to develop
curricular opportunities for students to develop the ability to logically organize arguments and create persuasive vehicles of
communication that convincingly communicate their vision.
H. Self-sufficient individual able to articulate and activate a vision and bring it to fruition. This goal captures the spirit of
entrepreneurial thinking in its broader sense. The Olin curriculum will seek to develop an entrepreneurial spirit that will empower
individuals to articulate, create and innovative a socially responsible vision, communicate it effectively and organize all needed
resources to make it a reality.
I. Other curriculum objects include:
a. Demonstrated significant creative artistic expression.
b. Significant work experience in a corporate culture.
c. The ability to apply basic business practices necessary to bring a product to the marketplace.
All of the above would be realized within the Olin curriculum in a manner consistent with personal attention and concern for the
welfare of each individual student

VI.

Specific Characteristics of the Olin Curriculum
In order to insure that each student’s program is organized to empower their individual and unique goals, each student will design,
propose and continually develop a plan to achieve personal and educational goals. This plan will be reviewed periodically with their
faculty advisor and/or faculty committees and continuous improvement of this plan accomplished. The Olin educational
experience will begin with some common “immigration experience” that initiates the multidisciplinary foundation and helps
develop within the cohort a strong spirit of community.
Timely completion of the multidisciplinary foundation, and possibly earlier achievements, will be certified and assessed by one or
more specific events, described as “gates”. These gates will assure that each student has achieved a level of deficiency and
fundamental knowledge in areas considered essential by the faculty.
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The Olin College calendar will utilize organizational units of time of approximately seven weeks (1/2 semester) in length, termed
quamesters. There will be two quamesters in the fall and two in the spring.
VII.

The Flowers Model
It has been often said that a single picture is worth a thousand words. Professor Woodie Flowers attempted to create a graphic to
describe the elements of the Olin curriculum that have been generally accepted by the founding faculty. This model is shown in
Figure 2.
At the base of this figure are planes representing entrepreneurship, art, and its related aspects of creativity innovation and design,
communication and professionalism. These are often said to be “in the water”. This means that these elements are woven through
all aspects of the Olin curriculum – through virtually all coursework and curricular as well as co-curricular experiences. This does
not exclude the strong possibility that there will also be explicit learning experiences in some of these topics.

Figure 2. The Flowers Model of the Curriculum
At the top of this picture one observes projects and project-based education as a significant ingredient in the Olin curriculum. It
has been universally agreed that problem-based education expressed through the substantial use of design and other projects as
learning experiences will occur in each year. It is also agreed that in general the proportion of project-based education will increase
in time through the four-year curriculum and become more open-ended and authentic. Projects will typically be executed with
teams of students and the projects will receive a substantive grading or evaluation. Students will quickly infer that the value we
place on projects is related to the time spent in critique and evaluation of their project results. Consequently, the Olin curriculum
will include extensive project support and evaluation including faculty and outside experts for evaluation.
Sandwiched in the middle of this picture there are three methods of curriculum delivery described. The lower level showing the
fluid and somewhat random interface between student and faculty interactions represents something like the Oxford/Cambridge
model. In this approach, student learning occurs more in a tutorial fashion and is guided by student inquiry. This model embraces
the notion the fact that students are motivated and learning, and that is perhaps more important than specifically what they are
learning. The level above represents the world-wide-web and the rich resources available via the web for student learning. Webbased and new media electronically enabled instruction is another rich resource for material for student education. Finally, the
third level shows discipline specific modules more akin to traditional courses. In this level, material is presented in linear fashion
following a program sequence similar to traditional courses.
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In the Olin curriculum, students may gain knowledge from each of these knowledge resources, dependent upon the curricular
design. There will likely be learning from all three delivery modes, with the foundation (particularly the first year more structured,
and later years more flexible with more student choices, both in topics and modes of learning.
The students’ acquisition of intended knowledge will be tested and certified by gates shown at the left of the picture which may be
viewed as comprehensive examinations to assure that the curriculum process has been successful in transmitting required
knowledge, capabilities, and defined competencies.
VIII.

The “Modes of Knowledge Delivery” Triangle
Another way to view the three primary modes of knowledge delivery is illustrated in Figure 3.

Figure 3. Modes of Knowledge Delivery
This figure shows another triangle representing various teaching modes or knowledge delivery methods. At the far left is
“courses”, the corner where most traditional engineering curricula are located.
The Olin curriculum will be innovative in that it will have a much higher component of both projects and competency based
evaluation. It is likely that the Olin foundation will begin more at the “upper left” of this triangle, with a strong mix of course-like
material coordinated with projects, and move with time toward the center and right of the triangle to include more competency
based methods.
IX.

Other Curricular Issues
It has been decided that the foundation will take between 1.5 and 2 years. There will be student choices and some flexibility even
in the foundation. This is of high priority to our students. This flexibility will include the opportunity to explore at least one other
intellectual passion, other than engineering. It is likely that projects will be used to closely coordinate knowledge in two or more
fundamental courses in the early part of the foundation, and become more loosely coupled to coursework later in the curriculum.
The foundation will be structured so that not every student takes the same thing (there are student choices), but that any choices
made during the first year will satisfy the foundation requirement for any of the Olin degrees. In order to make room for the
diversity and multiple dimensions of this program, efficiencies will have to be created. There are such opportunities; for example
teaching certain foundation material only once, in contrast to traditional curricula where some topics are taught in physics and
then again in an engineering context.

X.

The Olin Curriculum Design
The notion of two “tracks” in the curriculum foundation, one with more emphasis on fundamentals, technical engineering and
science learning, and the other with opportunities for exploring other dimensions, arts, humanities, entrepreneurship, and a wide
range of practica has emerged as a strong model for the Olin curriculum. One version of this approach is illustrated in Figure 4.
This model attempts to address many of the issues described earlier and provides a flexible and creative framework for innovative
engineering education.
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Figure 4. Possible Curriculum Model for the Olin Foundation (from Bourne Curriculum Z)
XI.

Conclusion
The design of the Olin Curriculum must be innovative, flexible, and contain within it the evidence of a commitment to change and
continuous improvement. It should not be rigid and inflexible but the opposite. The Olin experience should embrace a wide range
of student talents, and open doors to a wide spectrum of student opportunities.
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Appendix C: National Degree Requirements
Comparative degree requirements information on nationally ranked schools:

MIT Undergrad EE Classroom Hours
Distribution

Stanford Undergrad EE Classroom Hours
Distribution

561, 31%
748, 42%

680, 33%
960, 47%

495, 27%
408, 20%
EE

EE

Math/Sci

Math/Sci

Gen. Req.

Gen. Req.

UCB Undergrad ECE Classroom Hours
Distribution

UIUC Undergrad EE/CE Classroom Hours
Distribution

176, 9%

352, 29%

384, 32%

352, 17%

1040,
51%

480, 23%
480, 39%
EE

Math/Sci

Gen. Req.

EE/CE

Math/Sci

Gen. Req.

Free Electives
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MIT Undergrd CS Classroom Hours
Distribution

Stanford Undergrad CS Classroom Hours
Distribution

680, 33%

561, 30%

693, 38%

960, 47%

408, 20%
CS

596, 32%

Math/Sci

Gen. Req.

CS

UCB Undergrad CSE Classroom Hours
Distribution

304, 15%
896, 44%

352, 17%

480, 39%
CS

Math/Sci

Gen. Req.

UIUC Undergrad CS Classroom Hours
Distribution

352, 29%

384, 32%

Math/Sci

496, 24%

Gen. Req.

CS

Math/Sci

Gen. Req.

Free Electives
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MIT (S.M.) EE Hours' Distribution

Stanford (M.S.) EE Hours' Distribution

88, 18%

128, 24%

416, 76%
EE/CE Courses

Thesis Hours

407, 82%
EE/CE Courses

Thesis Hours
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MIT (S.M.) CS Hours' Distribution

Stanford (M.S.) CS Hours' Distribution

128, 24%

CS Courses

0, 0%

416, 76%
Thesis Hours

495,
100%
CS Courses

UCB (M.S.) CS Hours' Distribution

Thesis Hours

UIUC (M.S.) CS Hours' Distribution

64, 13%

96, 20%

384, 80%
CS Courses

432, 87%

Thesis Hours

CS Courses

Thesis Hours
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M.S., Ph.D.

Dr. Sidhu is a visiting professor and he currently directs the Technology Entrepreneur Center in the College of
Engineering at the University of Illinois. Dr. Sidhu has previously served as vice president at 3Com Corporation and
as chief technical officer for high-profile 3G venture capital backed wireless company. He is highly a prolific
innovator, and was awarded 3Com’s “Innovator of the Year” award in 1999. He has authored more than 60 articles,
patent disclosures, and papers in well respected IEEE magazines and journals, and has been granted over 35
patents to date. His work experience has covered such wide-ranging disciplines as business issues in engineering,
image compression, statistical multiplexing analysis, transport and viability of internet telephony, performance
measurement of the internet, forward error correction for real-time services, and capacity planning for network
access. Technology and intellectual property from his work has been cross-licensed to Palm Computing during its
highly-publicized $20B spin-off from 3Com, and was also part of Commworks’ $100M sale of selected assets to UT
Starcom. He was a founding member and Board Director of the SIP Forum organization and a Babson SEE XIX
Fellow.

Matthew R. Marvel,
B.S., MBA, Ph.D.
Candidate

Matt Marvel is a Ph.D. candidate in Human Resource Development within the College of Education. Matt supports
research initiatives for the Technology Entrepreneur Center around globalization and engineering education. Matt
has more than five years of business experience in technology ventures including executive experience in high
growth technical training and consulting company. Recently, Matt was selected to participate in the BabsonKauffman Doctorial Consortium on Entrepreneurship Research. Matt is currently working on his dissertation
proposal examining technology entrepreneurs’ mix of knowledge as opportunities are shaped into innovation.
Matt’s research interests include opportunity development, entrepreneurship education, and innovation.

Ali Yassine, B.S.,
M.S., Ph.D.

The most recent addition to the TEC faculty, Ali Yassine earned his bachelor's degree in Mechanical Engineering
from American University of Beirut, Lebanon, and his masters' and doctoral degrees in Industrial Engineering from
Wayne State University in Detroit, Michigan. He has served as a Visiting Assistant Professor at Wayne State, and
as a research scientist at the Massachusetts Institute of Technology's Center for Technology, Policy and Industrial
Development. Dr. Yassine has also been a systems specialist at Chrysler International. His primary research focus
is product development.

Bruce A. Vojak,
B.S., M.S., Ph.D.,
MBA

Bruce Vojak is Associate Dean for External Affairs in the College of Engineering and Adjunct Professor in the
department of General Engineering at the University of Illinois at Urbana-Champaign. After receiving a Ph.D. from
UIUC in 1981, Dr. Vojak held positions at MIT's Lincoln Laboratory, Amoco and Motorola. Prior to joining the
university in 1999, he was Director of Advanced Technology for Motorola's Frequency General Products business.
He received his Masters in Business Administration from the University of Chicago. His research interests are in the
field of advanced technology management. Dean Vojak is currently studying the planning and roadmapping of
potentially disruptive technologies in material-, component- and subsystem-level industries. He teaches Managing
Advanced Technologies and Case Studies in Managing Advanced Technologies in Industry.

Laura L. Hollis, B.A.,
J.D

A native of Champaign, Illinois, Ms. Hollis received both her bachelor's degree in English and her law degree from
the University of Notre Dame. Before joining the Technology Entrepreneur Center in 2000, Ms. Hollis was a
tenured professor of law at the University of Detroit Mercy and a visiting professor of law at Michigan State
University, where she taught Corporate Law, Agency and Partnership, Civil Procedure, Federal Jurisdiction , and
Law and Literature. She received several awards for her teaching and scholarship, and was a frequent public
speaker, freelance writer, and communications consultant. Prior to beginning her academic career, Ms. Hollis
practiced law with Meyer Capel Law Offices in Champaign, Illinois, concentrating on general litigation and corporate
intellectual property. Thereafter she served as General Counsel and Director of International Affairs for Copyright
Management, Inc. in Nashville, Tennessee. In addition to her administrative responsibilities with TEC, Ms. Hollis
also teaches Engineering Law and Entrepreneurship Discovery Lecture Series.

