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Abstract
Today more than ever, change is a constant and much of it occurs because of the shrinking of the world, ie globalization. Experience tells us that it will have an increasing impact on education. It is more important than ever that engineering students around the world graduate with a global view as part of their education. This includes an understanding of cultures, religions, geography and language in addition to the necessary technical skills. 
Given the problem of language and culture, how has and should universities react to our flat world in terms of curricula. After a brief history of the evolution of engineering education in the USA, we will delineate the many forces which are in effect today and present some possible solutions to meet these challenges within the context of an engineering education.
1. Introduction
From the US perspective, engineering might be said to have come into its own with the beginning of the Industrial Revolution. As the need for transportation, manufacturing and other areas of human activity, including agriculture, occurred, the inventiveness of man stepped forward to satisfy these needs. In turn it also led to a growing realization of the importance of education and the evolution of higher education and its eventual compartmentalization.  The Land Grant Act of 1862 established a state supported school in each of the US states devoted initially to agriculture. Each of these soon became the primary technical state university. Such names as Purdue University, Michigan State University, Cornell University and many more are today amongst the top engineering schools in the country. 
Engineering, as a discipline, came into its own in the late nineteenth century, first as general engineering, then mainly civil and electrical engineering and finally the many other disciplines, each in their own time. The development of engineering curricula at the University of Notre Dame is chronicled nicely in [1] and is similar to that of most other US engineering programs over the same time period. Grayson [2] also provides an excellent development of engineering education in the US over its first century.

Before looking at the demands being placed on engineering curricula today, particularly as it relates to globalization, it is helpful to look at the issues that have brought us here, and some detail of the evolution that has taken place. This will help us to speculate as to the appropriate actions to take as we forge ahead.
2. Underlying Issues

Higher education, in general, has to a large extent always been a function of the needs of the society being served, particularly so in the last century.  Engineering education has been no different, and has from its beginning always been considered a profession like law or medicine. But engineering education has been more sensitive to society than for example the study of history or literature. Some of the driving forces affecting engineering curricula in the US over time have included:


-The inventiveness of our citizens,


-The intense research done during certain periods,

-The influx of many immigrants in the earlier years,


-The advances in the sciences requiring new applications,


-The development of a consumer and service oriented society,


-The rapid development of telecommunication and computer technologies in recent years, 


-The geopolitical events of the 20th century, 


-The advances in manufacturing techniques, and


-The recent development of more thorough assessment techniques.
Before looking closely at engineering education today and its new demands, it is appropriate that we see how we have gotten where we are.
3. The Evolution of Engineering Education

While engineering formally became a university area of study in the latter part of the nineteenth century, it initially was vocational in nature; one might call it a trade type subject area which was really general engineering. As the needs of society changed, more specialized areas of engineering evolved.

After the turn of the century, a number of assessments of engineering education began to take place. Johnson, Mann, Wickenden, Hammond, Potter and others, all authored reports [3-8], at various times, on engineering education. These reports/studies provided some impetus for engineering curricula change over the early years and encouraged the adherence to the highest standards both for students and faculty.  But despite these studies, change was slow.
Up to the early 1940’s, engineering education was fairly rigid and the role of faculty was only to teach. A typical example of the curriculum for EE at that time is shown in Table 1 except for the 14 credit requirement of religion and philosophy(included in the humanities category). Also shown are classes in PE, hygiene, shop skills, surveying and drafting. It is only in the last semester that a student could choose any electives or else take them as an overload. Even in the second year, there is much skill work in drafting and only one course in the major, “Electric and Magnetic Circuits”(in semester 4).

Intense basic research during the early 40’s produced many new instruments, materials and techniques which subsequently impacted engineering education together with a report [9] written in 1945. Both had a great influence on engineering education in the US for many decades. The report advocated a strong science based curriculum with fewer skill courses. Courses like physics, mathematics and engineering science were to be done more rigorously. Courses in the major were to be introduced earlier. There was also a movement to hire more faculty with PhDs and to institute graduate programs at least at the master’s level. Once the era of space flight began in October 1957, many realized that further changes were required in the various engineering curricula. A number of reports that came out about engineering education around this time, such as the Grinter[10] and Walker[11] reports, helped to spur continuing changes. More recently, reports such as those from NAE[12,13] and ASEE[14] have all also begun to have an impact.
Table 1 is a summary of the evolution of one curriculum (EE) over a 70-year period at the University of Notre Dame. This table is not unlike that for most other engineering curricula and US Engineering schools. It is evident that the number of credits and its distribution has changed significantly as well as content, although the latter is not readily identified. The engineering curriculum of today stands in stark contrast to that of the 40’s. The overall number of credits in engineering is comparable to that of non-engineering curricula; there is little overlap in engineering disciplines any more. For one thing, a solid science and math base with a deemphasis of a broad exposure to engineering science has occurred followed by a strong major core and many more electives. Most of the skill courses have been replaced, laboratories have been reduced in number and a strong emphasis is put on design at all levels including a strong engineering course(s) in the first year. Many changes have occurred to accommodate the many new skills required of an engineer especially the use of technology.  Finally, ethics, societal implications, writing and presentation skills have become very important. While the latter are not explicitly obvious, all are carefully integrated throughout each curriculum. Let us look at why this has happened
4. The Reasons for Change
In recent years and especially today, reports about engineering education[12-14],  and higher education in general[15,16] have tried to articulate how and what needs to be done to meet the challenges of the future. Suggestions have included how engineers learn, what changes should be made in how engineers are taught, and what should be included in the various curricula. The root causes for the calls for change in the delivery and content of engineering education are many. Let’s briefly enumerate some of those that are particularly relevant today in my view.
4.1 Globalization

Globalization has many facets. In the last thirty years, the US had become the prime educator of engineering graduate students from many countries of the world. At the same time, much US manufacturing began to move offshore and the term outsourcing became a mantra in the US.  Markets continued to open up through treaties such as NAFTA, populations became more affluent and soon markets all over the world were exchanging goods on a regular basis. More than transportation, access to the internet changed everything. Globalization shrunk the world and left its effects on education, particularly engineering education. This has been carefully articulated by James Freidman in The World is Flat [17].

For a number of years, many of the US trained PhDs from other places stayed in the US if they could.  However, as education improved in the students’ home countries and the societies opened up a bit, these highly trained people began to go back to their native lands to teach in their universities, to run new factories and to start their own businesses. As more populations became wealthier, not all goods were exported anymore. While the wages paid are still not totally competitive with those in the US, doing business has become more competitive. These changes have caused those-US citizens and others- with technical skills such as engineers, managers, professors and researchers, to travel much more than in the past and to unfamiliar places with different cultures and languages.
4.2 Technical Skills

The curriculum of the 50s was not only more science based than before, but it had been downsized to the point where no room was left for any additional courses. But there has been an increasing need for those who are technically savvy and more broadly educated. While a good education is important, the heavy dose of science, math and engineering science in engineering programs is not as important as it once was. Thus better-educated technical people, both those with Associate two-year degrees and Engineering Technology four-year degrees have increased. These programs are much lighter on science and mathematics and more involved with laboratory hands-on studies. 
4.3 Learning Technologies

Society has changed considerably in the last twenty-five years. The miniaturization revolution has brought incredibly complicated technologies to the public at a cost affordable by most. Cell phones, laptops, wireless technologies, and storage capacities have all converged to bring about a cultural revolution. Communication has become almost ubiquitous and young people now brought up on these technologies expect them to be part of their education as well. While this has been slow to happen, many technologies have finally begun to impact education, i.e. they are of necessity being geared to the educational marketplace. But such implementations require a large commitment of people and resources to bring on line and a willingness on the part of educators to use what is available. One downside of today’s technologies is that each continues to evolve at a rate that requires constant updating of classroom pedagogy and presentation and keeping up with the latest technology is neither easy nor necessarily desirable.
4.4 Accreditation

For the last four decades, most engineering programs in the US have undergone accreditation in a six-year cycle through the auspices of various accreditation agencies, most recently by The Accreditation Board for Engineering and Technology (ABET). In response to a number of studies and complaints from constituents, ABET significantly revised its requirements for accreditation in the year 2000 (Criteria 2000) and made the process less proscriptive but much more assessment based. While design had always been an important element for engineering programs, it has taken on a new meaning as well. To make matters more complicated, state and federal legislation has put greater demands for accountability on universities. Refinements to this process have continued. But, in order to meet this change in approach, programs have in most cases, had to revise curriculums to a great extent. 
4.5 Business Skills

In past years, most engineering graduates took employment with an engineering firm to put into use those skills learned for their craft whether it be designing a bridge, building a radar system, developing and running a power grid or developing a new aircraft. After many years on the job, the engineer would assume more responsibility until in charge of large projects. Some would move on to management, but many would stay the course as engineers.

Today this is a less likely path. Many engineering graduates now move into management roles right out of school assuming a role as a project engineer and developing management skills early on. Thus, in recent times, engineering students have asked to have access to business type courses to assist in the transition to real world activities. Doing this creates many problems for engineering programs, such as:

1. Finding room in each program
2. Defining appropriate courses and/or content 

3. Finding appropriate instructors for each course.
There are solutions. If appropriate business courses exist in the university business program, a business economics department or an economics department, arrangements might be made. In some engineering colleges, an industrial or manufacturing engineering department may have the appropriate course(s) already or some that can be adapted. As a final solution when none of the above is possible, special courses can be designed to meet specific needs. This is the solution that Notre Dame has chosen [18].
4.6 Interest in Engineering

Today, more so than ever, high school students in the US who have the desire and ability to attend college are choosing other than engineering to earn a college degree. The slow decreasing number of engineering graduates in the 90’s has bottomed out and has recently begun to increase, see Table 2, but the long-term prognosis is not good. The US high school population has basically reached a record high and is beginning to decrease.
The other problem has been one of retention. While this is difficult to get a handle on because of the diverse ways in which universities enroll students into the first year and how they count disciplinary numbers, we do know retention in engineering is a problem. Engineering has always been a challenging subject for even good students, but today many students are not up to the challenge of what can be a very exciting vocation.

To combat this problem, most universities have pared down the required subject areas and the requirements even within those subject areas. Thus, physics is now taught for two semesters to most engineers and chemistry for one semester. The so-called “unnecessary material” has been pared out to make room for only the absolute necessities. First-year engineering courses have been added to emulate engineers and what they do. We now see significant soft but important areas of engineering being done early so as to maintain student interest and to provide important skills such as speaking, writing, presentation, ethics and other important areas.
4.7 Language and Culture

In the past, when travel and communication across oceans was difficult and infrequent, the learning of a foreign language as a part of an engineering curriculum was unusual. The exceptions were graduate students needing to read foreign journals. Many high schools did require at least one language and some required a modern language (French, Spanish, German) and Latin, but that changed in the 50s. Today more students in HS are again taking a language for two or more years even though most foreign students take English in their home countries and many can converse and write good English.  

This is now changing. Many university students have the opportunity to go to other countries for an immersion experience and to study. To do this, they realize the importance of speaking in another language than their own, and having knowledge of their new environment. Thus, they are taking language courses to become fluent for a meaningful experience. They also find it invigorating and a life changing experience. Engineers are now fortunate to participate in these foreign study programs and are able, with good advising and flexible curriculums, to not lose any time toward graduation.
5. Enhancing Engineering Education Today
Our discussion so far leads me to believe that some curriculum changes can be made relatively easily today to accommodate the new world we live in and continue to produce new engineers for this exciting profession. These changes would include:

· A significant internship with an international corporation for one or two summers either in the US or overseas or both.

· A study of a foreign language so that the overseas experience becomes a truly cultural one as well as an academic one

· A semester or year of engineering study in a foreign country.

· Room for significant studies of the humanities and social sciences.

· The addition of a business engineering sequence(two or more courses) to enhance the ability of the engineering graduate to do more than engineering work and to be prepared to work in a large corporation or a small firm as an engineer.

· A significant design experience as an apprentice engineer in the first year of studies of all programs, tailored to the particular school and its own culture.

· Careful introduction of ethics, culture, writing(expression) and some business practice across the curriculum

· Opportunities to work in one or several countries as an engineer after graduation.

Notre Dame been able to accomplish many of these goals and continues to work on the others. All of this occurs within a traditional 4 year program. The international internships and full time employment after graduation are those that are most challenging, but do not really affect the curriculum per se. To see that all students have an intern experience requires considerable overhead.  But students can seek such opportunity on their own by seeking out international corporations through the University Career Center. There is no reason to believe that engineering students studying in other countries can not have the same experience at their own institutions. For an example of how both US and international students can engage in the work environment of other countries, see the description of a unique NSF sponsored summer program which was done several years ago[19]. Finally, while we have said little about accreditation, it does have a big effect. However, accreditation does not stifle improvement and innovation and the tent of ABET or an equivalent agency is large enough to accommodate all of the issues discussed so far. 

6. An Example of Implementing Change

The problem of allowing a professional to graduate in four years and still maintain the integrity of the education is a challenge in the US but relevant to this discussion. For years many have wanted to extend engineering education one more year and make the masters degree the first professional degree. This was one of the few recommendations of the Grinter report [10] that was rejected in 1944, but it reappears in the NRC report[13]. In fact, the professional Society of Civil Engineering(ASCE) has been actively attempting to mandate a five year program for all CE’s to become Professional Engineers. Aside from the issue of cost-an extra year-the one element of critical import today is the fact that the practice of engineering for most graduates has changed from the past. Few are doing the detailed designs of yesteryear, but rather depend on the use of sophisticated software to assist with the design process and to allow simulations that provide answers and checks that were impossible before. Material relevant only a few years ago, is no longer deemed necessary for the practice. Thus with a careful pruning of requirements in the sciences and engineering sciences and a careful look at each curriculum for unnecessary topics, the added items to make an engineer a global one is possible, even in four years. A quick example might prove worthwhile. 

A few years ago, the Chemical Engineering faculty at Notre Dame did a study of the content of our first year general chemistry courses. Two items became quickly apparent. The first was that most all of incoming engineering students had taken a year of general chemistry in High School and many at the advanced placement level. The other was that many topics were no longer relevant to chemical engineers and more so for other engineers. However, many topics in biological systems were becoming of increasing importance in a number of fields. With the cooperation of the chemistry department, a number of things happened. The original topics of a full year were folded into one semester and the second semester of chemistry became cell and molecule oriented to accommodate the trend of many engineers to do work and/or study in biology oriented fields. At the same time, a new program of organic chemistry was developed to accommodate the chemical engineers and the chemistry majors and it too was appropriately streamlined. The end result was a more relevant series of courses and the saving of one semester for the chemical engineers to incorporate new courses. This type of curriculum improvement and cooperation across discipline boundaries and at all levels can enable other innovative things to occur. This will allow the development of true global engineers to become a reality.

7. Conclusions

The world has had many dramatic events occur in the last 110 years and each of these has had an effect on education, especially engineering education. The engineering community has responded well in general to these events and it is fairly evident, strived for continual improvement. After careful study, each generation has tried to tailor its engineering curricula to solve the problems of the times and to provide the type of engineering education that would allow its students to find meaningful and productive careers. Each decade has brought new and sometimes difficult challenges and all have been met. The present decade is no different. But with globalization, a whole set of problems has emerged, mentioned above. Recent reports and studies [12-14] indicate that the problems are being recognized and dealt with. But times are very different and the solutions will have to be new and innovative as well. Curricula are being adjusted to accommodate changes for both the client entering the education system and those leaving it for a lifetime of useful work. In this paper, an attempt has been made to point out some of the goals and pitfalls facing the academy especially as they relate to globalization.  Engineering is indeed a profession that purports to solve the many problems of society that demand technical expertise and it is thus capable of solving its own problems as well.
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	1940
	1950
	1960
	1970
	1980
	1990
	2000
	2010

	Humanities
	24
	32
	30
	27
	24
	27
	24
	24+

	Eng’r Science
	18
	15
	12
	12
	12
	6
	3
	3

	Mathematics
	20
	21
	21
	22
	19
	17
	18
	18

	Physics
	12
	14
	12
	15
	8
	10.5
	11.5
	15.5

	Chemistry
	8
	8
	8
	8
	7
	7
	7
	7

	Intro to Eng’r
	-
	2
	1
	3
	3
	3
	6
	6

	Drawing
	6
	6
	5
	-
	-
	-
	-
	-

	Surveying
	2
	-
	-
	-
	-
	-
	-
	-

	Shop
	4
	2
	-
	-
	-
	-
	-
	-

	Eng’r Labs
	8
	9
	9
	7
	4
	6
	5
	3

	EE Core
	36
	29
	30
	24
	24
	33
	33
	30**

	EE Elective
	12
	6
	6
	-
	9
	9
	12
	18

	Tech Elective
	-
	7
	7
	21*
	9
	3
	3
	6

	EE Design
	-
	-
	-
	-
	-
	3
	5
	6

	Free Electives
	-
	-
	-
	-
	6
	3
	-
	-

	
	
	
	
	
	
	
	
	

	Total
	150
	149
	148
	142
	128
	134
	133
	129.5


Table 1. Credits by Category
*Some of these credits restricted to EE 
**Includes 3 credits of Computer Programming
+Includes 12 credits of Theology and Philosophy

Table 2

BS Graduates in Engineering(United States)*

	
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010

	
	
	
	
	
	
	
	
	
	
	

	BS in Eng’r
	64200
	66781
	71165
	72893
	73602
	74168
	73315
	74170
	74387
	78347


*ASEE Annual Survey of Engineering Schools
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