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UNIVERSITY

Summary

EDUCATIONAL·SYSTEM

A PREMIER

A

And those investments payoff: the state boasts the highest high-school graduation rate
in the country, and the third~highestACTscores._ ~ !

Similar results are evident at the University of Minnesota, one of the largest post­
secondary institutions in the United States.; The University is especially strong in areas
of interest to U S WEST. According to ratings of faculty quality made by the National
Research Council in 1982, Minnesota faculty ranked first among all universities in .the 14
US WEST states in electrical engineering, mechanicalengineering and mathematics;
secondin physics; and third in computer science. In 1986, the University graduated the
bulk of the state's 773 computer scientists and 342 electrical engineers. Statistics indicate
that 50 to. 70 percent of these students remain in Minnesota.

•A top-flight educational,'8ystem able to. produce, now and in the years to come, capabl~
high school graduates ready to assume the. challenges of further study in scientific and
technical disciplines; , ,

•A premier research university with demonstrated strength in engineering, computers
anq. the physical ~iences, and a solid history of cooperation with industry to develop
and corrpnercialize new technologi~s; .

II A quality of life that will serve as amagneit to draw taJented professionals from across
the country, and retain them, minimizing labor turnover and ensuring high levels of
employee productivity. ' ,

Minnesota offers a degree of excellence in these areas unmatched by any other state in
the country. -
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•A vibrant network, of research-driven and technology-intensive companies that creates
a dyn'amic research environment in which the constant flow of ideas among
professionals interacting in the research community stimulates innovation;

To succeed, US WEST's Advanced Technologies must be situated in a metropolitan area
wmch can assure. the company of obtaining the· quantity and quality of scientists and
engineers it needs to de;'elop the highly technical communications products and systems
of the future. Such anare,a must possess the following characteristics:

Minnesotans have been committed to creqting a quality system of public education for
i generations. The state consistently ranks among the top ten in educational spending per

capita. As business decision-makers, you know the difference between expenditures and
investmenJ:s. Minnesotans consider public spending on education their most important
investment in the future.
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The Twin Cities m~tropolitan area has 951 of Minnesota's more than 15,000 lakes and
offers a choice of five rivers for boating and canoeing opportunities. Forty-eight regional
parks are'in the metro area, containing 47,000 acres. Three of a total of 61 state parks are
also within the region, adding anot~er14,000 acresJor hiking, camping and fishing.

This is the same Twin Cities which Arthur Frommer picked in 1986 as one of the top ten
vacation spots in the world, remarking that it "now has the distinction of being a cultural
capital of the nation ranking second only to New York City. II

Some states have natural beauty; others have cosmopolitan cities offering a wide array of
cultural activities. Minnesota has both. '

AN OUTSTANDING QUALITY OF LIFE

Minnesota's high-tech firms have discovered first-hand what the Corporation for
Enterprise Development and SRI/Ameritru~t found/in recent studies of business
climates in all 50 states: Minnesota's business environment is fertile ground for
technology-intensive industries. The,CED study ranked Minnesotasecond highest in the
country, a.fter 'Massachusetts, based on a list of 75 variables. Minnesota was the only
state in the na.tion to rank in the top ten in each of thrye indexes in the SRI/Ameritrust
study. '

Minnesota's list of technology-intensive firms reads like a Who's Who of high-tech: Cray
Research, Control Data Corporation, 3M, NCR Comten, IBM, Honeywell, MedtroniC,
among them. Several of the largest are among the 17 Fortune 500 Manufac;turing Firms
headquartered here, more than are found in Colorado, Wasmngton, Oregon and Iowa
combined.

These firms have drawn their professional staff not only from Minnesota's educational
institutions, but have also attracted workers from throughout the U.S. As a recent Wall
Streetlournal article on the'l'win Cities high-tech community put it, "Considered one of
the nation's most livable cities, Minneapolis tends to attract and hold professionals. 'I
suppose once. their feet get' frozen to the ground, they can't leave,'" said one Boston-
based investor. -

A TECHNOLOGY-INTENSIVE INDUSTRY NETWORK

In 'all, more' than 1,500 technology~intensive firms are, based in. Minnesota, employing
more than eight percent of the state's work force. The ~tate has significant representation
in 28 of the 30 industries that the Brookings Institution defines as high-tech. In 1985,
Minnesota's industrial community spent $1.7 billion in research and development,
second highest in US WEST's region and 11th nationwide.

Minnesota's tax climate' is also conducive to the growth of high-tech firms. The state's
income apportionment formula weighs Minnesota ~les 70 percent, giving a15 percent
w_eight each to property and payroll. As a result, firms with few sales in the st~te -- such
as research facilities -- are able to minimize their tax bills. A state research and
development tax credit will help U S WEST to virtually eliminate its corporate income
tax liabilities in its first years of operation and to substantially reduce liabilities in the

, future. '
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Dozens of theaters are here, capped by the Guthrie Theater, one of America's premier
regional playhouses. The Twin Cities also has two orchestras to choose from: both the
Minnesota Orchestra and the St. Paul Chamber Orchestra are world-renowned musical
organizations. The Walker Art Center has one of the finest modem art collections in the
country, and regularly hosts outstanding international exhibits shown in only a handful
of cities across the U.s.

With the Minnesota Timberwolves now scheduled to enter the National Basketball
Association in the 1989-90 season, the Twin Cities is one of onlythree metropolitan areas
to have a team represented in each professional sport, including indoor soccer.

In short, whether one is seeking a night on the town or a night under the stars, the Twin
Cities provides as great a range of quality cultural and recreational amenities as any city
in the country.

As for the high state and local taxes you may have heard about, they've been low~red

significantly in recent years~ Taxes themselves tell only partof the story, because, as any
business decision-maker knows, they are butane component of the bQttom line. What
really counts is the total cost of living: taxes, housing, food, health care, transpor,tation,
among others. We've done such an analysis comparing the Twin Cities with Seattle,
Denver and Phoenix, and you might be surpriseq at .the results: Minneapolis/St. Paul
has the second lowest total cost-of-living of those cities..

Webelieve that Minneso'ta's excellent educational system, the high quality of scientific
and technical research done at the University of Minnesota, the broad and deep network
of high-technology firms operating here, and the state's outstanding quality of life make
Minnesota the best candidate for the location of U SWEST's Advanced Technologies.
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SOURCE: State Policy Data Book 1987.
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8
12 .

8
10
9

K-12

6
7
8

NA
NA

MINNESOTA'S NATIONAL RANKING,
PER CAPITA EXPENDITURE ON EDUCATION

NA: Not Available

$50

1A Per Capita State Appropriations for Higher Education,
1986...1987

$250

$10n

$150

$200

FY 1982
FY 1983
FY 1984
FY 1985
FY 1986

1.3 How does the state rank nationally on per capita expenditures? (Please provide both K-12
and higher education rankings.) .(5 years)

SOURCE: K-12: National Education Association, Rankings of the States; higher education: State of
Washington, Higher Education Coordinating Board, Financial Support of Higher Education in

. Washington: A National Comparison, seleeted years.

, Figure 1A shows Minnesota's ranking on this measure compared with the other states
in U S WEST's territ~ry.
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NA: Not Available

MINNESOTA'S K-12 FUNDING SOURCES, FY 1986

Total

1028
1020
1020
1018
1022

Math

543
538
539
537
540

Verbal

485
482
481
481
482

~Score National Ranking
I

FY 1982 20.2 3
FY 1983 20.2 NA
FY 1984 20.2 2
FY 1985 20.2 3
FY 1986 20.3 3

MINNESOTA'S AVERAGE ACT SCORE~~ NATIONAL RANKING

The "Wall Chart" also produces average scores and national rankingsfor ACT states, ,as
shown below: '

SOURCE: Minnesota Department of Education.

No national ranking is available for Minnesota's SAT score~becauSe Minnesota is one of
28 states where the ACT is taken by the majority of college-boul)d students.
Nevertheless, Minnesota's average SAT score of 1022 in FY 1986 was 116 points above
the national average for SAT states, according to the U.S. Secretary of Educ'l-tion's "Wall
Chart." That score was also 87 points above the score of the fir'st-ranked SAT state.

FY 1982
FY 1983
FY 1984
FY 1985
FY 1986

SOURCE: U.S. Secretary of Education's "Wall Chart."

MINNESOTA'SAVERAGE SAT SCORES

1.5 What is the state's average SAT score and ranking? (5 years)

1.4 What i~ the source of P!!blic school fu:nding at the elementary and secondqry levels?

Local 46%
State 50%
Federal 4%

SOURCE: Minnesota Department of Education.
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A comparison of ,Minnesota's ACT scores with those of the other U S WEST states is
shown in Figure 1B.

1B ACT College Entrance Exam Average Scores, 1986

21.0

20.5

20.0

19.5

19.0

18.5

18.0

17.5

17.0
IA MN NE CO SD MT WY AZ ID UT ND NM OR*WA·

*No meaningful,data available for Oregon and Wa~hington

SOURCE: State Policy Data B90k 1987

1.6(a) Please provide a source of funding breakdown for. colleges and universities within the
state.

FUNDING SOURCES FOR MII\TNESOTA COLLEGES AND UNIVERSITIES, FY 1985

State & Total
Local Gifts & Government Funding
Appropriation Tuition Endowments Grants Other (Millions)

Public 47.9% 19.4% 9.5% 9.7% 13.5% $988~3

Private o % 50.9% .15.4% 21.2% 12.5% $413.6

SOURCE: U.S. Department of Education, Center for Education Statistics, Post-Secondary
,Educational Statistics Division, "Percentage Distribution of Educational and General Revenues by
Source and by Level of Institution for Minnesota" (Preliminary), FY 1985.

Included in the public sector figures above is the Universit)rof Minnesota system, with a
total enrollment of 56,500,students at its main campus in the Twin Cities and branch
campuses in Duluth, Morris, Waseca and Crookston; seven schools in the State
'University System, serving 55,000 students; and 18 Community Colleges, with an
enrollment of 41,600. Seventeen private colleges in the state serve about 32,500 students.
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SOURCE: Institute of Technology, University of Minnesota.

Listed below are major gra.nts in Electrical Engineering, Computer Science, and other
areas of concern to the telecommunications industry.

The University of Minnesota has enjoyed extraordinary financial support from both
corporate and private donors.

,43,000

Amount

$102,111

$99,000

$109,223

TOTAL: $1,921,971

Acoustical Structure of Porous
Fibrous Materials .NSF

Parameter Estimation with Distributed Sensors
USDOD - Navy

Epitaxial Iron Films USDOD -- Air Force

Quantum 1IF Noise in Solid State Devices in
Particular HG1-X USDOD -- Army

Project and Source

Lambert, R.,F.

Kaveh,M.

Cohen,!P.I.

Van der Ziel, A

ELECTRICAL ENGINEERING

Faculty Member

Current research grants in /Eleetrical Engineering total $1.9 million, $1.1 million from
federal sources and $.8 million from priva.tEf sources. Current research grants in
Computer Science total $2.2 million, $1.6 million from federal sources and $.6 million
from other sources. The University's Institute for Mathematics ana its Applications
receives $1.3 million in grants from the N';ltional Science Foundation.

(b) Please briefly describe other sources of funding, including grants, foundation support, etc.
List major research grants in computer 'science, electrical engineering and telecommunications
disciplines.

U ofM Twin Cities Institute of Technology
(millions) percent (millions) \ percent,

State Approprjations $418.1 ,40.2 $38.5 52.8
Federal Research 72.2 7.0 22.0 30.2
Other Research 33.8 3.3 7.9 10.8
Other Federal 43.6 4.2 0.5 0.7
Other 470.5 45.3 4.0 5.5

TOTAL $1,038.3 100.0 $72.9 100.0

The University of Minnesota's major campus, the largest urban campus in the country, is
by far the major component of the public system. Funding ~ources for its Fiscal Year
1986 budget are shown below, along with those of its Institute of Technology,
comprising engineering, physical sciences, computer sciences, mathematics and
architecture. .
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Schaumann, R. Analog Active Filters NSF

Wechsler, H. Invariant Image Recognition of Brightness
Optical Flow &Stereo Images NSF

Champlin, K. S. Distributed Microwave Nonlinearities
in Semiconductors NSF

Cohen, P. 1. Reflection High-Energy Electron Diffraction
Studies of Epitaxial Growth NSF

Khargonekar, P. PYI: SYnthesis of Robust Controllers
for Lumped & Distributed Parameter
Systems NSF

Kaveh, M. Wideband Array Processing for Multiple­
Emitter Parameter Estimation NSF

Van ~er Ziel,A. Low-Frequency Noise inSolid
State Devices NSF

Ernie, D. W. Properties of Gaseous Plasma-Mass
Spectrometer & Lig~t Spectrometer NSF

Van der Ziel, A. 1IF Noise in Solid State Devices NSF

Judy, J. H. Wear Characteristics of Thin Film
Materials Control Data Corp.

Case, S. K. 3-D Vision System
Cyberoptics Corp.

Mohan, N. Evaluation of Active Filter Concepts
for HVDC Converters EPRI

Cohen, P. 1.. . EpitaxialMagn~tic Films
~ontrolDataCorp.

Valois, A. Research in the Areas of MBE
Growth & Characterization of
Materials 3M

Warner, R. M. Very Low Temperature Silicon Epitaxy
Semiconductor Research Corp.

Judy, J. H. Investigation of TF Materials
Suitable for Inductive Heads
Control Data Corp;

Kinney, L. L. Printed Circuit Board Modeling
Control Data Corp.

6

$60,457

$118,624

$68,522

$80,000

$37,500

$70,747

$45,229

_$73,993

$58,003

$100,000

$139,796

$34,243

$36,552

$11,000

I $47,469

$100,000

$95,429

.~
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COMPUTER SCIENCE

Ernie, D. W. Study of Volume & Sheath Properties
of RF & U Wave Plasmas IBM

Robbins, W. P. Engineering Services for Acoustic
Microscope Subcontract
Industrial Donors-MEIS

Shur, M. S. GaAs Device Characterization
&; IC Simulation .' Control Data Corp.

Tuszynski, A. A. Reducing the Risk of Burst Errors
Control Data Corp.

$40,750

$80,552

$59,901

$5,000

$82,235

$57,653

$49,632

$47,346

$64,480

$75,070

$53,991

$62,404

$38,535

$63,940

$73,766

TOTAL $2,201,021

$115,750

Studies in Associative Retrieval NSF

Problems in Computational Complexity
NSF>

Determining Spatial Organization'
from Visual Motion NSF

Investigatio,n of NetworkFlows
NSF

Expert Systems Questioning Procedures
Based on Merit NSF

Global Optimization for Large Scale
Problems Using Vector Processing NSF

7

Stered Matching TT.:;ing Topograp111c
Structures NSF

Structure from Motion
USDOD

Constrained Global Optimization
for Large-scale Problems USDOD

Instrumentation Request for Research
in FauIt-Tolerant Distribution
USDOD

Structure from M0tion
USDOD

Algorithmic Study of Combin,atorial
,Problems NSF

Du, D,avid H.

Thompson,
William B.

Pong,
TingChuen

Rosen, J. Ben

Slagle, James R.

Venkatesan,
Shankar

Sahni, Sartaj K.

Thompson,
William B.

Rosen, J. Ben

Thompson,
William B.

Tripathi, Anand

Ibarra, Oscar H.
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Sahni, Sartaj K.

Gini, Maria L.

Boley, Dqniel L.

Ibarra, Oscar H.

Du, DavidH.

Sahni, Sartaj K.

Du, DavidH.

Du, DavidH.·

Berzins, Valdis A.

Carlis, John V..

Du, DavidH.

Berzins, Valdis A.

Shragowitz,
Eugene

Shragowitz,
Eugene

Fox, David W.

Experimental Research in Computer
Algorithms NSF

SYmbolic & Qualitative Reasoning
for Error Recovery in Robot .
Programs NSF

Large Matrix Eigenvalue & Singular
Value Pr:oblems NSF

Systolic Systems & Automata-based
Computational Complexity NSF

Studies in Layout Problems NSF

High Performance Solutions to VLSI
CAD Prqblems NSF

Local Area Networks for Office
Automation Northern Telecom, Inc.

How to Design Efficient ECAD Database
.Sperry Univac <:orp.

Logical Data Modeling Formalism
to Support an ECAD Environment
Control Dahl Corp.

Distributed Physical Database Design
Sperry Univac Corp.

Local Area N,etworks.Jor Office·
Automation Northern Telecom, Inc.

Experimental Evaluation of Design
DataBase & Implementation
Control Data Corp.

Multilayer PCB Layout
Control Data Corp.

Methods & Automatic TQols for
Physical Design of,VLSI ' Control Data Corp.

Summer Supercomputing Workshop
Institute for Defense Analysis

8

$310,659

$112,112

$68,998

$74,179

$80,116

$85,024

$60,000

$30,000

$30,000

$57,983

$40,000

$30,000

$40,703

$81,224

$212,000

•
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CHEMICAL ENGINEERING AND MATERIALS SCIENCE

$63,100

$15,000

$91,671

$62,500

$119,900

$121,643

$74,745

$156,641

$100,QOO

$333,333

$333,333

$101,700

$333,333

$H)l,811

TOTAL: $8,833,119

$89,995

TOTAL: $5,245,543

9

Experimental &r Theoretical Studies
of Chemical Vapor Deposition NSF

Deposition of Microelectronic &
Optical Materials ~ Honeywell Inc.

Structural & Electronic Properties
of Epitaxial Overlayers NSF

Polymer Interface Phenomena
IBM

Laser Equipment for CVD Studies NSF

Polyurethane & Polymer Reaction
InjeetionMolding NSF

Polymer Interface Phenomena
IBM .

Cluster Formation & Evolution on
Semiconductor & Insulator Surfaces
USDOD

Interface Pr~perties, Processing, &
Reliability USDOD

Robot Control & Artificial
Inh:~lligence Based CAD/ CAM NSF

A University-Industry Program in
Computer-Integrated Manufacturing
MIDI

Polymer Interface Phenomena
IBM

Morphology & Electronic Structure
of Buried & Lateral Metal
Semiconductor Interfaces USDOD

Microscopic Control of Interface
Reactivity USDOD

I

EI~ctronic & Structural Interactions
at Surfaces· USDOD

Macosko, Chris

Weaver, John

Carr, Robert W.

Tirrell,
MatthewV.

Jensen, KIavs F.

Jensen, KIavs F.

Weaver, John

MECHANICAL ENGINEERING

Weaver, John

Donath,M.

Weaver, John

Ramalingam, S.

Jensen, KIavs F.

Weaver, John

Franciosi,
Alfonso

Weaver, John

•
~.

-.
•
~.

""'.•
~.

•
~.

•
••
•
•I•
•
~
•



Starr, P. J.

Liu, B. Y. H.

Liu, B. Y. H.

Ramalingam, S.

CHEMISTRY

'Gentry, W. R.

MATHEMATICS

Fabes, E.B.

Markus, L.

McGehee, R. P.

White, D. E.

Feshback, M. F.

Markus, L.

Aronson, D. G.
I

Miller, W.Jr.

Berger, T. R.

Kenig, C. E.

Aronson, D. G.

A Simulation Based Decision Support
System for Manufacturing
Control Data Corp.

Research Consortium on Particulate
Contamillation Control
Various Private Donors

Aerosol Filtration by Filters of
Fine Fibers SUNY .

Computer Integrated Manufacturing
Consortium Various Private Donors

The Quantum Dynamics of Molecular
Interactions NSF

Problems in Partial Differential
Equations & Real Analysis NSF

Control of pistributed & Hereditary
Systems NSF \

.Dynamical Systems, Morse.Th~ory,
& Mechanics NSF

Combinatorial Theory NSF

Algebraic Topology NSF

Differential Equations & Dynamical
Systems NSF .

Studies in Nonlinear Analysis
NSF

Harmonic Analysis, Special Functions
& Separation of Variable NSF

Topics in Finite Group Theory NSF

Harmonic Analysis & Partial
Differential Equations NSF

I

Mathematical Sciences: Studies in
Nonlinear Analysis NSF

10

$75,000

$160,000

$61,677

$80,000,_

TOTAL: $ 5,574,697

$200,000

TOTAL: $2,577,352

$38,337

$47,955

$55,600

$20,800

$34,500

$77,700

$43,159

$29,243

$38,400

$23,891

$39,667
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Luskin, M.

Stanton} D.

Jain, N. C.

. Keynes, H.B.

I Keynes, H. B.

MathematicalSciences: Numerical
Analysis Partial Differential Equations
NSF
Mathematical Sciences: Combinatorics
& Special Functions NSF

,I

Mathematical Sciences: Probability
Theory NSF

Urban Mathematics Collaborative for
Secot;ldary Teachers Ford Foundation

Urban Mathematics Collaborative for
SecondaryTeachers Ford Foundation

$12..000

$35,850

$143,300

$75,200

$112,700

PHYSICS & AS1RONOMJ\'

Goldman, A. M. Tunneling & Transport in Ordered
& Disordered Superconductor NSF

Goldman, A. M. Experimental Solid State & Low
Temperature Physics ' USDOD -- Navy

Goldman, A. M. Superconductivity of Thin
Intermetallic Compounds
USDOD- Air Force .

$12,555

$63,750

$97,400

$44,776

$129,465

$222,000

TOTAL:. $5,193,432

$127,609

Characterization & SYnthesis of
Chiral Smectic C Material~ for
Fast Switching 3M

Studies of the Magnetosphere by
Artificial Electron Beams NASA

Studies of Thermal & Optical
Properties of Liquid Crystals NSF

Huang,C.C.

Winckler, J. R.

Huang, C. C. I

Goldman, A. 'M. URIP-Variable Temperature
SuperconductingMagnetolneter/
Susceptometer USDOD -- Air Force

~.
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UNNERSITY OF MINNESOTA/TWIN CITIES, Twin Cities

Computer and Information Sciences X X

Mathematics and Statistics
Mathematics X X
Statistics X X
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Doctorate

X
X
X
X
X
X
X

Master's
Agricultural Sciences

Agronomy X
Plant Breeding and Genetics X
Soil Sciences \ X
Food Sciences & Human Nuttition X
Plant Pathology X
Plant Pharmacology X
Plant Physiology X

Engineering
Aerospace, Aeronautical and

Astronautical Engineering X X
Agricultural Engineering X X
Bioengineering and Biomedical
Chemical Engineering X X
Electrical, Electronics and

Communications,Engineering X l X
Geological Engineering' X X
Industrial Engineering XX
Mechanical Engineering X X .~

Metallurgical Engineering X X
Mining and Mineral Engineering X X
Engineering Mechanics X

l.7(a) How many colleges and universities offer postgraduate programs in the technical and
scientific (nonmedical) disciplines?

(b) Where are the schools located?
(c) What are the disciplines?

, Life Sciences,
Biochemistry and Biophysics X X
Botany X X
Cell Biology , X
Microbiology X X
Biometrics and Biostatistics X X

Physical Sciences
Astronomy
Astrophysics
Chemistry
Physics

X

X
X

12
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1.8(a) How many undergraduate ,degrees were awarded to students majoring in technical and
scientific disciplines? (Please provide by discipline.) (5 years)

MOORHEAD STATE UNNERSITY, Moorhead

Doctorate

x

X
X

X

Biology

ST. MARY'S COLLEGE, Winona

Biology
Mathematics, General

COLLEGE OF ST. THOMAS, St. Paul

SOURCE: Minnesota Higher Education Coordinating Board.

Computer and Irliormation Science X

Computer and Information Science X
Computer Technology X
Manufacturing Technology X

Master's

MANKATO STATE UNNERSITY, Mankato

BEMIDJI STATE UNNERSITY, Bemidji

Biology

ST. CLOUD STATE UNNERSITY, St. Cloud

Computer and Information Science X
Industrial Technology X
Mathematics X
Chemistry X
R~~~ X

Computer and Information Science X
Biology X
Chemistry X
Physics X

UNlVERSITY OF MINNESOTA/D~UTH,Duluth

••-.-.
~...-.
~-.
•
•
••
•
•
•
•
•.1
•
••

The number of degrees awarded in various scientific disciplines .are listed in the tables
below. A summary table of the number of degrees by major field is preseQ.ted first,
followed by tables listing disciplines in more detail. 1
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ENGINEE~G AND ENGINEERING-RELATED TECHNOLOGIES
Bachelor's 196 275 292 i 220 266
Master's 2 20 13 2 30

(b) How many advanced degrees? (Please provid_e by discipline.) (5years) ;

SUMMARY TABLE
SCIENCE, COMPUTER & ENGINEERING DEGREES CONFERRED IN MINNESOTA,
JULY 1, 1981, THROUGH JUNE 30,1986

LIFE SCIENCES
I I 13achelor's 816 808 804 777

Master's, 75 92 81 54
Doctorate 55 51 65 51

,PHYSICAL SCIENCES
Bachelor's 549 577 603 608
Master's 29 45 35 50
Doctorate 32 '27 48 38

SOUR<;::E: Minnesota Higher Education Coordinating Board.

COMPUTER/AND INFORMATION SCIENCES
Bachelor's 358 448
Master's 18 19 I

Doctorate 2 8,

•
•
•
••
•
•
••
•.-
•
•
•
•
•
••
•
•
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I
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92
51
33

714
50
9

757
155
49

555
48
53

854
69
73

1985-861984-85

112 146
60 32
23 26

581 726
33 33

7 5

933 895
116 ' 152
40 57-

1983-84

131
53
23

859
'122

40

1982-83

131
50

,19

832
129
36

1981-82

ENGINEERING
Bachelor's
M,aster's
Doctorate

AGRICULTURAL SCIENCES
Bachelor's
Master's
Doctorate

14



".

---.
~.

'~.

•'.'.
~.

•..
•
•
•
•'.-.
•
•
•
•'.•

SCIENCE, COMPUTER & ENGINEERING DEGREES CONFERRED IN MINNESOTA,
JULY 1, 1981, THROUGH JUNE 30,1986

BACHELOR'S DEGREES 1981-82 1982-83 1983-84 198~85 1985-86
,

AGRICULTURAL SCIENCES
Agricultural Sciences,

General 58 ,57 68 ·63 14
Food Technology 24 8 8 17 - 20
Agronomy 31 42 25 30 28
Horticulture Science 16
Plant Pathology 5
Soil Sciences, General 9 15 8 22 13
Soil Conservation 4 9 3
,Soil Sciences, Other 14 1

COMPUTER AND INFORMATION SCIENCES
Computer and

Information, General 358 ' ,448 581 709 694
(Information Sciences

and Systems 7 17
Computer and Information

Sciences, Other 10 3

ENGINEERING
Engineering, General 1 5 4,
Aerospace, Aeronautical

and Astronautical
Engineering 50 53 77' - 85 77

Agricultural
Engineering 24 11 21 17 13

Chemical Engineering 101 - 116 116 97 74
Civil Engineering 101 120 107 116 88
Electrical, Electronics

and Communications
Engineering 230 221 238 253 227

Geological Engineering 12 14 29 19 6
Industrial Engineering 18 22 21 22 26
Mechanical

Engineering 270 280 301 262 241 I

Metallurgical
Engineering 15 13 13 9 1

Engineering 10 9 6 3
Engineering, Other, 12

ENGINEERING AND ENGINEERING-RELATEDTECHNQLOGIES
Electronic Technology 26 30 42 17 47
Instrumentation

Technology 1 2 3 3 1
Industrial Technology 93 138 138 106 114
Mechanical and Related

Technologies 14 19 17 12 8
Othet 62 86 92 82 96

15
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•
LIFE SCIENCES -I

Biology, General 704 684 699 601 699 •
Biochemistry and •Biophysics 29 33 ' 32 43 37
Botany 5 1 3 4 1 •Microbiology 39 36 25 32 29
Biometri~s and •, Biostatistics 6 3 5 4 5
Marine'Biology 6 9 6 11 5 •MJscellaneous Specialized •Areas 18 18 20 5 13
Entomology 4 2 4 •Life Sciences, Other 5 22 10 67 65

PHYSICAL SCIENCES •
PhysicCl-I Sciences, •General 7 6 17 18
Astronomy 2 1 •Astrophysics 2 4 4 •Chemistry 280 266 304 304 265

, Geology 94 149 133 82 97 •Geophysics and
Seismology 9 12 15 12 8 •Earth Science 8 17 17 11 19

Physics, General' 102 119 114 124 113 •Physics, Other 2 4 2 1 1
Physical Sciences, •Other 52 3 10 53 29 •

MASTER'S DEGREES •
AGRICULTURAL SCIENCES •Agricultural Sciences;

General 11 11, 15 8 •, Animal Sciences,
General 11 11 12 8 7 •Animal Physiology 2

Food Sciences, General 7 13 13 •
Agronomy 5 4 6 5 7 •Horticulture Science 8 12
Plant Breeding and •Genetics 4 6, 12 11 7
Soil Sciences 10 8 2 10 •

SCIENCES •Computer and Information
19Sciences, General 18 33 33 50
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ENGINEERING
Aerospace, Aeronautical

and Astronautical
Engineering 13 6 5 6 3'

Agricultural
Engineering 6 5 4 8 12

Chemical Engineering 7 12 7 13 2
Civil Engineering 21 23 25 24 30

, Electrical, Electronics
and Communications
Engineering 35 36 41 50 56

Geological
Engineering 2 3 5 6

Industrial
Engineering 3 1 3 3 5

Mechanical
Engineering 31 31 24 32 35

Mining and Mineral
Engineering 4 4 3 5 1

Engineering, Other 9 2 1 6 5

ENGINEERING AND ENGINEERING-RELATED TECHNOLOGIES
Industrial Technology 2 2 2
OccupationalSafety and

Health Technology 20 11 30

LIFE SCIENCES
Biology, General 17 \ 25 22 7 17
Biochemistry and

Biophysics 4 6 4 7 7
Botany, General 4 4 ,6 4 2
Plant Pathology 8 9 6 8 6
Plant Physiology 3 4 1 ,2
Cell and Molecular

Biology - 9 2
Microbiology 8 ' 11 5 5 6
Anatomy 1
Biometrics and

Biostatistics 7 10 6 10 7
Ecology 12 9 4 6 9
Nutritional Sciences 7 \6, 4 6
Zoology, General 1 1 3
Entomology 5 8 7 2
Genetics, HumaI).

and Animal 5 2 1 2
Pharmacology, Human

and Animal 1

17



•
PHYSICAL SCIENCES -I

Astronomy 1 2 3 3 '. j
Chemistry, General 5 15 8 19 1
Pharmaceutical -I

Chemistry 1

-IGeology 15 11 10 4 6
G~ophysics and '-1Seismology 1 1 1 4
Metallurgy 10 . 4 3 -IPhysics 6 8 11 14 10
Physical Sciences, e ,

Other 6 14 . I-DOCTORATE DEGREES -AGRICULTURAL SCIENCES .1
Agricultural Sciences, .1General 5 2 6 4 6
Animal Physiology 1
Food Sciences, General 1 4 6 7 6 •Agronomy 3 5 3 5 2 .i
Horticulture Science 2 5
Plant Breeding -and .Genetics 5 I 10 6 8 10
Soil Sciences 4 2 2 4 •

COMPUTER AND INFORMATION SCIENCES
, •Computer and Information •Sciences, Gen~ral 2 8 7 5 9

ENGINEERING' •
Aerospace, Aeron.autical •and Astronautical

I

1Engineering •Agricult\1ral Engineering l' 2 4
Bioengineering and •Biomedical

Engineering 1 2 1 •Chemical Engineering 10 12 12 16 •Civil Engineering 1 3 3 8 7
Electrical, Electronics •and Communications

Engineering 3 9 5 8 12 •Geological Engineering 3 1 1 1
Mechanical .'Engineering 16 7 5 14 16
Metallurgical

Engineering 2
Mining and Mineral

Engineering 1 1 2 2 4
Engineeri~g, Other 2 4 9 6 4

18
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1.9 Please describe and quantify any programs to encourage women and minorities in the
technical and scientific disciplines.

2

1

1
5

21

4
6

'4
1
3

1
23

6
3

10

13

4
5

10
1

5 12 9 11
1 1
2 4 1 7
7 3 4 1
8 4 10 -10
6 1 2 6

1 1 3
7 7 5, 7

3 2 4
4 1 4·
4 5 6

3 1 7.

3 5 7
3

University of Minnesota and Institute of Technology: The University of Minnesot~

actively recruits women and minorities for its science and engineering prQgrams. In
1985-86, minority students represented 2.4 percent of IT's undergraduate enrollment,
while women students represented 18 percent.

PHYSICALSCIENCES
Astrophysics
Chemistry, General
Pharmaceutical

Chemistry
Geology
Geophysics and

Seismology
Metallurgy
Physics
Physical Sciences,

Other

There are several programs designed to encourage minorities in the technical
professions. Project Technology Power, the minority affairs office in the Institute, works
to identify and remove barriers which have discouraged Black, Hispanic, and American
Indian students from entering the Institute of. Technology.· PTP provides programs and
services at both pre-college and college levels to approximately 500 students per year.

SOURCE: Minnesota Higher Education Coordinating ~oard.

LIFE SCIENCES
Biochemistry and

Biophysics
Botany, General
Plant Pathology
Cell Biology
Microbiology
Anatomy
Biometrics and

Biostatistics
Ecology
Nutritional Sciences
Zoology, General
Entomology
Genetics, Human

and Animal
Pharmacology, Human

and Animal
Zoology, Other
Life Sciences, Other
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The purpose of PTP's pre-college programs is to increase the number of minority
students who are academically prepared to succeed in sCience and engineering. These

, programs include the Math Bridge program, for eighth-grade students, a Computer
Camp for ninth-grade students, and a College Preparatory Skills progr~m for students
who have completed tenth grade. The majority of the more than 1,300 participants in
these programs who have graduated from high school have entered college, and 30
percent are pursuing technical and business degrees.

PTP's college programs are designed to increC!se the number of professional minority
engineers, computer scientists, and scientists by providing academic and ~career

counSeling, merit scholarships, tutoring, and summer internships.

In the Institute of Technology, the Society for Wm;nen Engineers provides support for
women enrolled in the Institute's engineering programs.

Minority students and womenin IT have essentiallythe same retention a~d graduation
, rates as non-minority and male students.

1~10 Please. describe special education prpgrams for the han:dicapped and gifted.

EDUCATION FOR THE BAND'ICAPPED

Minnes.ota has long had a solid commitment to the education of students with
handicaps. The state has a strong handicapped education law, a caring legislature, and
school administrators willing to invest time and money in students whose needs have
been largely ignored in the past.

In Minnesota, all children who are handicapped and in need of special education are
entitled to a free and appropriate education. Students must receive service regardless of
the severity of the mental, physical or emotional disability, or other impairment or
handicap. To the extent possible, students with handicaps must be educated with

,students who are not handicapped. I

Minnesota school districts provide an array of programs serving all disability areas from
birth through age 21 or until completion of a program. Special education programs are
provided qy individual school districts, speci~l education cooperatives, and residential
programs, depending on district size and/or location. Approximately 83,000 students
receive spec~al education services in the state. \

Services range from placement in a regular classroom with the provision of monitoring,
consultation, and curriculum modification, to direct instructio~ by a special education
teacher, to placement in a residential facility with direct instruction.

Transition service represents another area of emphasis in Minnesota. Transition' is the
process which' provides a planned exit of students with disabilities from public school
programs into community life, work and/or further schooling. For students receiving
special education services, transition needs are addressed beginning at the ninth grade
level. Appropriate adult services are involved in the planning process as students exit
school.
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EDUCATION FOR THE GIFTED

Minnesota is a national leader in providing a ,wide variety of programs for gifted and
talented students. The legislature has supported such services since 1979; currently, they
are offered by 422 of 434 school districts. Last year, more than 55,000 students
participated in gifted/talented programs, nine percent of the total student population.

Many options are offered in individual school districts. Students may spend'
concentrated periods of time working on independentproj~cts. Others may participate
in special classes during part of the school day, while some schools "cluster" gifted
students in a regular classroom with a trained teach~r of the gifted.

Accelerated classes are offered'in many junior and senior high schools. A,dvanced
placement classes offer high school students the opportunity to earn college credit. As a
result of Governor Perpich'sPost-Secondary Options program, high school juniors and
seniors may take college courses, ;With tuition reimbursed by their local school districts.
Seven school districts offer the International Baccalaureate program, which allows
diploma candidates to complete one ye~r of college while still in highschool.

The Minnesota Legislature also funded a residential arts school for junior and senior
high school students to begin operation in the 1987-88 school year. The Minnesota High
School and Resource Center for the ~Arts will offer an exciting interdisciplinary _
curriculum to gifted/talented students in the arts.,

Many summer school opportunities are also available to gifted/talented students.
Students may register fQr a summer camp, enjoy an international language institute,
attend seminars at a college campus~ or participate in Plany su~er schoolcooperatives
for gifted/talented students.

Finally, quality programs for educatil1g teachers of, the gifted are offered by several
, colleges and universities in Minnesota. Organizations to support parents, t~achers, and

students have also been formed. -The Minnesota Council for the Gifted/Talented and the
.Minnesota Educators of the Gifted/Talented provide valuable networks and educational
services to parents, teachers, and students.

The University of Minnesota's Talented Youth Mathematics Program is a highly
accelerated program for very talented mathematics students in grades 7 through 12.
These st~dents attend classes at' the University for two hours each week. Those who
complete the full five-year program receive 30 quarter-credits in mathematics at the
undergraduate level. Students who finish the progra~ but have not yet entered college .
can take upper-division mathematics courses at the University. Special lectures by
scientists and engineers, as well as visits to university laboratories, are also part of the
program.

In the Twin Cities, the Talented Youth Mathematics Program has 160 students enrolled
in the first-year course, 80 in ,the second-year course, and 90 in the calculus courses of the
college component.' An additional 100 students are enrolled in first-year courses at four
outreach sites, bringing the total number of participants in the program to 430 students.
The outreach sites are located in Moorhead, St. Cloud, Owatonna, and Rochester.
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1.11 How many (both numerical and percentile) scientific and technical graduates remain in the
state? (5 years)

University of Minnesota and Institute of Technology: The Institute of Techrtology
Placement Office conducts an annual survey of graduating seniors, which achieves a
response rate of 50 to 60 percent. The percentages listed below of graduates with
positions remaining in Minnesota are the actual percentages from survey respondents.

The first column in the table below shows the percentage of respondents remainirg in
Minnesota for the. Institute of Technology as a whole, and for Electrical Engineering (EE)
and Computer Science (CS) graduates in particula~. The second column lists the number
of graduates in each year; column three applies the survey response percentages to these
totals to project the total number of gradua,tes of the Institute of Technology'remaining
in the state.

INSTITUTE OF TECHNOLOGY GRADUATES REMAINING IN MINNESOTA,
1981-1986 I

Projection of
Graduates

% Remaining Remaining in
Unit in Minnesota BS Graduates Minnesota

1981-82 ALLIT 55% 993 546
EE 65% 230 150
CS 64% 71 45

1982-83 ALL IT 59% 1099 648
EE 60% 221 133
CS 58% 85 49

, 1983-84 ALLIT 59% ' 1274 752
EE 66% 238 157
CS 69% 147 101

. 1984-85 ALL IT 53% 1274 675
EE 58% 250 145
CS 67% 189 27

1985-86 ALL IT 50% 1098 549
EE 50% 2Q2 101
CS 66% 169 112

SOURCE: Institute of Technology, University of Minnesota.

These figures are consistent with those collected over the past two decades, which show
that between 50 and60 percent of IT graduates remain in Minnesota, as do between 55
and 70 percent of graduates in Electrical Engineering and Computer Science.
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STATE UNIVERSITY TECHNICAL GRADUATES REMAINING IN MINNESOTA

1.12 Please briefly describe any programs of university-business cooperation, particularly in'
technical and scientific areas.

Several institutions in the State University System also provided information on the
proportion of technical graduates that remain in Minnesota, as shown in the tab~e below.

653
62

190
87

198
230
244
206
238

Number
Remainihg

Percent
Remaining

76%
70%
78%
57%
75%
79%
73%
70%
80%

Year

1983~86

1986
'1985~86

1986
1982
1983
1984
1985
1986'"

SOURCE: Minnesota Higher Education Coordinating Board.

Mankato State
Winona State
Bemidji State
Moorhead State
St. Cloud State
St. Cloud State
St. Cloud State
St. Cloud State
St. Cloud State

University
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University of Minnesota and Institute of Technology: There are many programs of
cooperation between the business community and the University of Minnesota,
especially in the Institute ,of Technology, Carlson School of Management, the Institute of
Agriculture, and Health Sciences. These include special post-:-baccalaureate educational
programs as well as cooperative research projects. As of May 21, 1987, faculty members
were working under 420 active grants from 197 different companies, with annual
expenditures totalling almost $35 million: Samples of these industrial grants are listed
above in response to question 1.6. .

Described below are some of the larger relevant examples of university-business
cooperation.

Institute of Technology (IT): In IT, there are many examples of such cooperation,
including: cooperative educational programs in all of the engineering departments,. in
which more than 300 companies have participatedi corporate graduate fellowships in
such departments as Electrical Engineering, Chemical Engineering a~d Materials
Science, and Computer Sciencei and faculty consultation with industry,' an on-going
activity in which a majority of IT's faculty participates.

Office of Research and Technology Transfer Administration (ORTTA): The
University of Minnesota's Office of Research and Technology Transfer Administration
(ORTTA) was created to promote the transfer of technology developed at the University
to companies that will commercialize these technologies in a manner that will benefit the
public. The return to the University is used to further fund research, and to reward the
developers of the technology and their departments.
ORITA negotiates and administers sponsored research agreements with industry, and
provides advice and assistance to faculty, staff and students in regard to patents and
relationships with industry. The office invites· patent disclosures from faculty and staff,
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evaluates items for commercial viability, seeks protection where w~rranted through
patents and copYrights, and actively seeks licensees to commercialize the technology or
concept. Currently, the office handles several hundred disclosures per year, files 30 to 50
patent applications and receives 20 to 30 year. In 1986, more than 20 licenses
or options to license were negotiated.

Microelectronics and The objective of the ~

Microelectronics and Information Systems (MEIS) Center is to significantly strengthen
teaching and research at the Institute of Technology and to improve technology transfer
in these critical areas. Under the leadership of Control Data Corporation, four major
corporations contributed $7 million over a four-year period to establish MEIS at the
University. The Center has developed new teaching laboratories and courses, funded
"seed research" programs which have in large increases in federal grants, and
established graduate fellowships in the participating departments. MEIS has also
provided major grants for research in Intelligent Systems, III-V Compound
Semico~ductorsand Bigh-Speed Devices, Design Automation for Software Engineering,
and Processor Array Concepts for Engineering. board 6f directors consisting of
industry: and IT officials, and a technical steering committee of company engineering and
rese~rchmanagers and IT faculty provides guidance for the Cent~r..

Productivity The Productivity Center was established by the Mechanical
Engineering Department in 1983 with initial supportfrom the 3M Company and
subsequent legislative, university and industry funding. Thirteen faculty members, lQO
graduate sfudents and four departments currently are participating in its programs. The
Center's applied research is foc\lsed on such areas as the automation of design and
~anufacturing,robotics,intelligent machines and computer integration. A consortium
of local industri~s provides support and guidance for the projects. A series of sympos~a
and workshops has been held to ,increase the involvement of small manufacturers.

Computer Network This project will give faculty and students in the Computer
Science department' the opportunity to gain expertise in using the latest computer
networking' equipment and systems by allowing them to test such equipment a~ the
prototype or beta-test stage. The initial undertaking will investigate Fiber Distributed
Data Interface (FDDl) components and switching with the cooperation of U S WEST.
Representatives of US WEST have expressed interest in becorping involved in this
activity because it could pave the way for .100 mbps comqmnication among University
computers. The project is scheduled to begin operations by October 1, 1987.

Minnesota A major step forward in the state's capacity
to serve the computing needs of industry and faculty was the establishment of
Minnesota Supercomputer Center, Inc., in 1982.. MSC is designed to provide academic,
government and industrial researchers with leading-edge computational hardware,
software and applications programs. MSC offers its users both CRAY and CDC/ETA
architectures in a unique configuration unavailable at any other center in the country.

To make these systems accessible, MSC has pioneered the use of UNIX as a common
operating system. A reliable, easy-to-use TCP/IP· communications network connects a
wide range of equipment at user sites. A background storage system is used (XFS) that
app'ears to the user as an on-line UNIX file system. Regular training programs are
offered to cover all aspects of systems and services at the Center.
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The MSC user community includes Fortune 500 companies, such as General Electric's
R&D Center at Schenectady, NY, resear~hers at the National Science Foundation anci a
large number of scientists and engineers, at -Minnesota and other universities.
Timesharing services are made available to industrial users for their proprietary use.

The Minnesota Supercomputer Institute (MSI) is an academic research organization
created by the University to provide supercomputing services to the faculty. Supported
by an appropriation from the Minnesota Legislature, ,MSI has as its mission the
encouragement and support of supercomputing among academic researchers
throughout the Midwest. Research done at MSI is supported through its equipment
acquisition programs, developmept 'York arid user services staff.

MSC and MSI operations are housed in a new state-of-the-art facility in the Minneapolis
Technology Corridor near the University.

The UNITE Program: The UNITE Instructional Television System provides
opportunities for professi011al engineers and scientists to keep their technical knowledge
current and even to earn master's degrees without leaving their place of work. One of
the first programs of its kind in the country "Yhen it began in 1971, UNITE presently i§l
one of the largest and most successful, with 40Qto 500 students regularly enrolled.

Each quarter, UNITE broadcasts about 30, cr~dit courses in electrical engineering,
mechanical engineering, computer science, materials science, physics, and mathematics
to more than 400 employees at two dozen industrial sites in the Twin Cities area and
Rochester. Companies participating in the program include IBM-Rochest~r,3M,
Honeywell, Control Oata, Cray Research, Medtronic, and Northern States Power.
UNITE currently operates on four;ITFS channels, which feature one-way video and two­
way audio. A courier service is used to transmit homework and exams back and forth
between companies and the University. I

The courses broadcast by UNITE are part of IT's standard curriculum. Amajorityof
graduate courses in Electrical' Engineering and Computer Science are broadcast in a
rotating schedule, enabling students to complete all coursework requir~d for a master's
degree in either discipline at their place of work. Students can al~o earn a master's
degree in materials science and engineering through UNITE, a program added at the
request of 3M in 1985.

The Institute of Technology. is also a charter participant in 'the National Technological
University (NTU), which broadcasts courses from 15 universities to industrial sites
throughout the nation.

The University of Minnesota was one of the first six schools to receive a Ku-barid satellite
uplink/downlink to support its participation in NTU, through a grant from the National
Telecommunications and Information Agency. The uplink is used to transmit IT courses
in computer science, electrical engineering, and mechanical engineering to other parts of
the country. The downlink is used to receive special non;.credit engineering programs
from other universities and from the Institute o(Electronic and Electrical Engineers.
These programs are then transmitted to the UNITE companies on a separate channel.
Minnesota Council: The Minnesota High Technology Council
(MHTC) represents more 170 technology-intensive companies and organizations
that banded together in 1982 to promote the growth of technology-intensive industry
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