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Our session description says:  “Top business and higher education leaders are issuing urgent new warnings about the United States’ waning competitive advantage in sectors that require science, engineering and technical training.”  Indeed, my colleagues at Project Kaleidoscope, an “informal national alliance dedicated to exploring and defining what works in undergraduate science, technology, engineering and mathematics education,” are just about to issue their second “Report on Reports,” summarizing nearly 20 reports that have been issued on this topic in the last 36 months.  If the number of reports devoted to an issue is any indication of how important people think it is, this issue has truly captured national attention!  One of those reports was produced by the Council on Competitiveness whose president, Deborah Wince-Smith is on the panel with us here today, and we will hear from her in a moment.


It is also the case that major new legislation has been introduced both at the federal level and in some states, designed to incentivize schools, colleges and universities, and students to increase the number of science, technology, engineering, and mathematics baccalaureates and graduate degrees earned by students graduating from American colleges and universities.  Indeed, in my own state, New York, the Commission on Independent Colleges and Universities issued its own report on this matter a few weeks ago, urging the governor to adopt a five-part plan to “increase engineering, mathematics, and science majors,” and the governor dutifully did so in his budget speech soon thereafter.  A major player at the federal level for many years who has been working on how the federal government can best support the creation and maintenance of a growing and high quality science and technology workforce is David Goldston, chief of staff for the House Science Committee.  He is also with us on the panel today, and you will hear from him in a moment also, after I set the stage a bit with some introductory remarks.

A seeming paradox in all of this heightened concern about science, mathematics, engineering and technology (SMET) manpower is that higher education leaders like me believe we have been working on this problem with a high level of energy and increasing success over the past two decades.  We have been collaborating with faculty and staff at our institutions, and with each other, to attract and retain a growing number of students, especially women and members of underrepresented minorities, in science, technology, engineering and mathematics majors.  We have reformed curricula and pedagogy to make them more hands-on, experiential, and research-rich; we have built and renovated science facilities so that they will support and accommodate the new paradigm for science and mathematics teaching and learning; we have dramatically expanded the opportunities undergraduate science and mathematics students have to do research with faculty members so that they catch the spirit of investigation and discovery and then want to continue on to science, technology, engineering and mathematics careers; and we have been engaged in assessment to be sure that our reforms have had positive effects on learning and retention outcomes and have increased the likelihood that our students will seek and obtain careers in SMET occupations.


Some of the reports summarized in the new Project Kaleidoscope volume suggest that we are moving backward rather than forward on the science and technology manpower pipeline problem.  In my remarks today I want to challenge that claim, indicate what I believe the real issue is, and make a few other related comments about what I think the future holds.


U. S. College and University SMET Baccalaureate Production
As I see the data, how bad or good the U. S. SMET baccalaureate production situation looks depends on where you start your comparisons and what you compare.  Some reports, including the New York cIcu report just issued, look at trends from 1985 to the present, so I will do so here, but with data also by half-decade, not just the 20-year change (See Table 1).  

Table 1

Number of Science Degrees and as a % of All Degrees

All Institutions:         
SMET
    


  Science Excl. Eng.
1985


195,211
19.7%


117,640
11.9%

1990


160,764
15.1%

  
  96,343
  9.0%

1995


178,161
15.1%

  
114,680
  9.7%

2000


191,634
15.2%


132,140
10.5%

2005


225,785
15.5%


159,385
11.0%

% Change:

85-05:  
16%


85-05:  
35%


90-05:  
40%


90-05:  
66%
  

00-05:  
18%


00-05:  
20%
  

The data in Table 1 show that if you make the comparison from 1985 to 2005, the increase in total science, mathematics, engineering and technology undergraduate degrees is relatively modest:  16%.  The increase from 1990, however, is huge, because 1990 is a low point, almost looking like a crash from the 1985 point.  Not only did the total number of SMET baccalaureates decline, but the percentage SMET degrees are of the total also plunged from 1985 to 1990.  What happened between 1985 and 1990?  


Higher education leaders of my age recall with great clarity the huge decline in the 18-year old population that occurred in the 1980’s.  To counteract the potential college enrollment impact of that decline, colleges and universities, and all of America, really, worked to increase the college participation rate—the percentage of a cohort of high school graduates who went on to college—and attracted non-traditional students back to college or to college for the first time.  Indeed, we all did so well at this that the number of bachelors degrees earned overall in America never did decline, despite the huge decline in the college-age population.  It was important and very positive for the nation that college-going increased, but these new students, who in prior years wouldn’t have attended college, were far less well prepared to do science, mathematics and engineering in college and didn’t choose to major in one of those fields anywhere as frequently.  Hence the precipitous decline in the absolute number and the percentage of baccalaureates with SMET majors from 1985-90 that we see in Table 1.


The good news in this, however, is that the percentage of these now larger-than-they-otherwise-would-have-been cohorts of college students who chose to major in a SMET discipline began to increase from 1990 on.  If one excludes engineering from the data, as the right side of Table 1 does, the increase in the percentage majoring in SMET is substantial.  I can’t help noting here that the beginning and continuation of this recovery coincides in time with the origins and ongoing efforts of a number of key national efforts to reform undergraduate science and mathematics education—most important among them, in my view, Project Kaleidoscope, which I referenced earlier and which begin in 1989.  I’ll return to this again below.  

The major problem—and it is serious if we expect to have the kind of manpower pool we need in the 21st century—is engineering, though the number of U.S.-educated baccalaureate engineering degrees has increased over 10% since 2000 (data not shown), which may mean that problem is beginning to be addressed.


So the first major conclusion I want to highlight is this:  I believe the precipitous decline in the percentage of baccalaureate degrees in SMET in the U. S. was an artifact of a largely very positive response by colleges, universities, and the nation to the steep decline in traditional college-age students in the 1980’s.  The greater inclusiveness we accomplished together brought us students who, while obviously prepared well enough to earn a college degree, were not prepared well enough or motivated enough to major in a SMET discipline.  The recovery beginning after 1990 was substantial, and continues.  More students are majoring in SMET disciplines at American colleges and universities today, both in absolute and percentage terms, and I believe it is evidence of the success of the reform efforts that began at roughly the same time and continue today.

Gender:  Bringing Women In Made the Difference

It is absolutely clear that the improvements we have seen and are seeing would not have happened if many more women students had not been attracted to and chosen to major in a SMET discipline.  The figures are stunning, actually.  From 1985-2005 the number of male recipients of bachelors degrees at American colleges and universities increased 27%, while the number of female recipients increased 66%.  The number of males majoring in a SMET discipline increased only 4% over that 20 year span, while the number of females majoring in a SMET discipline increased 42%.  Excluding engineering, the increase was 27% for men and 48% for women.  While we are still a good distance from overall gender equality on the matter of majoring in a SMET discipline, the transformation has been huge.  Without such a transformation the overall picture would be bleak indeed today.


But there is an equally interesting story when one examines choice of major by gender, as we see in Table 2.  Men abandoned engineering and the physical sciences for computer science and information science—some might say they went where the money is, and perhaps even pushed women out.  The increase in the number of women majoring in the biological sciences was a stunning 119% from 1985-2005, and significantly more women chose to major in engineering and the physical sciences, as well.  Exploring these patterns further is a topic for another time.
Table 2

1985-2005 % Change in SMET Baccalaureates by Discipline and Gender






Male, All US

Female, All US

CS/Information Science
    76%



-13%


Engineering


   -20%



  18%


Biological Sciences

    25%



119%


Math/Stat


    
    11%



    0%


Physical Sciences

   -32%



  28%

The Liberal Arts Colleges

Project Kaleidoscope began as an initiative among selective liberal arts colleges.  In the last decade it has broadened its focus and sought to help collegiate institutions of all kinds who want to improve undergraduate SMET education.  Liberal arts colleges, of course, are far less likely than other kinds of institutions to have engineering programs.  Some outstanding liberal arts college engineering programs do exist, but they are rare given the mission of liberal arts colleges.  In Table 3 we break out majoring in a SMET discipline for three different kinds of institutions:  Doctoral/Research Extensive institutions, Doctoral/Research Intensive Institutions, and Liberal Arts Colleges.  As a percentage of their bachelor’s degrees, these kinds of institutions are the most productive of SMET baccalaureates.  And if you exclude engineering, the liberal arts colleges are by far the most productive, as Table 3 shows.  In addition, liberal arts colleges and Doctoral/Research Extensive institutions have recovered the most in percentage terms since 1990.  I credit Project Kaleidoscope and other reform initiatives for these very positive results.  In higher education, we have been working hard on SMET education, and it shows.  This is something we must absolutely find a way to continue to do.
Table 3

SMET Degrees as a % of All Degrees 

By Broad Field and Institutional Type:
Doctoral/Research 

       Extensive:
SMET
 Sci. Excl. Eng.  CS/Info. Sci.  Eng.  Bio/Life  Math.  Phys. Sci.


1985

25.2%

12.2%

3.3%
  13.0%    4.7%      1.6%      2.6%


1990

19.4%

  9.3%

2.0%
  10.1%    4.3%      1.4%      1.6%


1995

20.5%

10.8%

1.6%
    9.7%    6.2%      1.2%      1.8%


2000

20.5%

11.7%

2.5%
    8.8%    6.5%      1.1%      1.6%


2005

20.6%

12.0%

2.8%
    8.6%    6.2%      1.3%      1.6%

Doctoral/Research 

       Intensive:

SMET
 Sci. Excl. Eng.  CS/Info. Sci.  Eng.  Bio/Life  Math.  Phys. Sci.

1985

21.8%

11.4%

4.8%
  10.3%     3.2%      1.1%      2.3%


1990

16.0%

  8.2%

2.9%
    7.7%     2.7%      1.2%      1.4%


1995

15.1%

  8.5%
 
2.0%
    6.6%     3.8%      1.0%      1.6%


2000

15.6%

  9.9%

3.0%
    5.7%     4.6%      0.8%      1.5%


2005

15.0%

  9.7%

3.4%
    5.3%     4.0%      0.9%      1.4%

Liberal Arts

    Colleges:

SMET
 Sci. Excl. Eng.  CS/Info. Sci.  Eng.  Bio/Life  Math.  Phys. Sci.

1985

19.2%

17.8%

2.0%
   1.4%
     7.8%      2.8%      5.2%


1990

14.8%

13.9%

1.5%
   0.9%      6.7%      2.3%      3.3%


1995

17.2%

16.3%

1.2%
   0.9%
     9.0%      2.1%      4.0%


2000

17.4%

16.6%

2.0%       0.8%
     9.4%      1.8%      3.5%


2005

17.1%

16.3%

2.3%
   0.9%      8.1%      2.4%      3.4%

So What?

We have been making significant progress in SMET education in America, but it is reasonable to ask whether the pace of our success is sufficient to meet the need.  We know that a higher percentage of U. S. SMET baccalaureates are earned by international students today than was true 20 years ago.  This is not necessarily bad because a high percentage of them stay to work in the U. S., but it does suggest that we are less successful than we perhaps would like to be in growing our own, if that is important.  Furthermore, many scholars and commentators on what it will take for the U. S. to remain competitive in the world economy of the 21st century believe that the pace of increase in U. S. SMET baccalaureate and advanced degree production will be insufficient to maintain the United States’ historic dominance in science and engineering, and without continued dominance our relative economic position will decline globally.  The best short summary of what I believe is happening is this abstract of a NBER Working Paper (No. 11457, July, 2005) by Richard B. Freeman:

This paper develops four propositions that show that changes in the global job market for science and engineering (S&E) workers are eroding US dominance in S&E, which diminishes comparative advantage in high tech production and creates problems for American industry and workers: (1) The U.S. share of the world's science and engineering graduates is declining rapidly as European and Asian universities, particularly from China, have increased S&E degrees while US degree production has stagnated. 2) The job market has worsened for young workers in S&E fields relative to many other high-level occupations, which discourages US students from going on in S&E, but which still has sufficient rewards to attract large immigrant flows, particularly from developing countries. 3) Populous low income countries such as China and India can compete with the US in high tech by having many S&E specialists although those workers are a small proportion of their work forces. This threatens to undo the "North-South" pattern of trade in which advanced countries dominate high tech while developing countries specialize in less skilled manufacturing. 4) Diminished comparative advantage in high-tech will create a long period of adjustment for US workers, of which the off-shoring of IT jobs to India, growth of high-tech production in China, and multinational R&D facilities in developing countries, are harbingers. To ease the adjustment to a less dominant position in science and engineering, the US will have to develop new labor market and R&D policies that build on existing strengths and develop new ways of benefiting from scientific and technological advances in other countries.


Freeman’s conclusion that we must learn to adjust to a less-dominant position in science and engineering is correct, in my view, largely because ratcheting our SMET degree production up even faster than currently would require the same kind of massive increase in federal and state investment in SMET education K-12 and beyond that followed Sputnik.  I see no evidence of the political will that would be necessary for such a change, and so I believe Freeman’s conclusion is very likely.


What does all of this portend for the future of American economic competitiveness?  It depends, I think, on whether the adjustments we make to losing our science and engineering dominance allow us to benefit from the innovations and discoveries of others in such a way that we exploit them better and faster, thereby perhaps maintaining our relative economic strength. 


Let us turn now to my colleagues on this panel and hear what they have to say about all of this.  Thank you!

� All of the data reported in this paper are downloads from the federal IPEDS system provided to me by Ms. Christine Zimmerman, Director of Institutional Research at St. Lawrence.  SMET defined as CIP 11 (Computer and Information Science), 14 (Engineering), 26 (Biological and Biomedical Sci), 27 (Mathematics and Statistics), and 40 (Physical Sci).  2005 IPEDS data include second majors.


� I thank Dr. David B. Laird, Jr., President & CEO, Minnesota Private College Council, for bringing the Freeman piece to my attention.
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