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The Pipeline from University Laboratory
to New Commercial Product: An

Organizational Framework Regarding
Technology Commercialization in
Multidisciplinary Research Centers

SARA JANSEN PERRY, STEVEN C. CURRALL, and TOBY E. STUART

I n the twenty-five years since the Bayh-Dole Act of 1980, commercializa-
tion of academic research has increased significantly (Graff, Heiman, and

Zilberman 2002). As a result, academic research has become more intertwined
with industry. Participation by industry ranges from sponsoring specific
research projects to affiliate membership in research centers such as National
Science Foundation (NSF)-funded Engineering Research Centers (ERCs).
Indeed, many government-funded research initiatives, such as the ERC pro-
gram, are founded on the premise that multidisciplinary university and indus-
try collaboration will enhance research productivity and foster technological
advances that otherwise would not be possible.

Despite the success of the United States government’s science and engineer-
ing funding initiatives, a topic that remains poorly understood is the interface
between universities and industry. Often, industry leaders misunderstand how
to work with universities, which, relative to for-profit companies, operate on
longer timelines and can have vastly different organizational cultures, norms,
and incentives. Likewise, university researchers often struggle to understand
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the needs of industry and the benefits corporations expect to receive from
partnerships involving technology transfer (Steenhuis and Gray 2005; Thursby
and Thursby 2003).

Technology transfer refers to a broad category of activities involving the
translation of academic science and engineering discoveries into information
that can be used by for-profit or nonprofit organizations. This may include non-
commercial activities such as information dissemination through publications or
research seminars. We refer to technology commercialization as the transforma-
tion of science or engineering discoveries into intellectual property, which then
serves as the basis for creating new commercial products and processes (Dudley
and Rood 1989). The technology commercialization concept encompasses the
full process (i.e., ‘‘pipeline’’) of commercial activities, including invention disclo-
sures, patent filings, licensing, and/or formation of spin-off companies.

The purpose of this chapter is to explicate the technology commercialization
pipeline occurring inside multidisciplinary university research centers. The
chapter is intended for two audiences. First, technology commercialization
scholars can use our analysis of ERCs to supplement the field’s knowledge base
of the predictors of success in university technology commercialization. Second,
the chapter provides insight for leaders of corporate research and development
(R&D) programs concerning how to partner with universities to commercialize
new technologies.

The chapter is organized into five sections. First, we provide an overview
of the NSF ERC program. Next, we describe the qualitative and quantitative
data collection process we used. Third, we describe general characteristics of
the ERCs, including their structure, history, and organizational functioning.
Fourth, we explain organizational sources of heterogeneity concerning how
ERCs pursue technology commercialization. We conclude with implications
for scholars of university technology transfer and implications for corporate
R&D executives.

OVERVIEW OF THE NATIONAL SCIENCE FOUNDATION-FUNDED
ENGINEERING RESEARCH CENTER PROGRAM

Academic research centers that involve industrial collaborations and empha-
size communication across the boundaries of academic disciplines have
emerged as a result of entrepreneurial awareness and a shift to applied
research in universities during the past twenty years (Smilor, Dietrich, and
Gibson 1993). By 1994, over 1,000 industry-university research centers had
been formed in the U.S. (Roessner et al. 1998). In 1985, the National Science
Foundation (NSF) launched the Engineering Research Center (ERC) program,
which is the flagship scheme for federally funded support of engineering
research in American universities. The program’s mission is to foster national
well-being and economic competitiveness by promoting university-industry
collaboration to maintain and advance the nation’s technological leadership.

86 THE CREATIVE ENTERPRISE



The ERC program also focuses on educating students via interdisciplinary
research opportunities and close contact with industry (Feller, Ailes, and
Roessner 2002). The focus on both basic and applied research as well as their
combined educational focus makes the ERC program unique among funding
programs by the federal government.

An ERC provides an organizational structure that functions to systematize
widely dispersed teams of collaborating researchers (Bozeman and Boardman
2003). The NSF expects an ERC to initiate broad institutional and cultural
change in their host universities. Research pursued within the ERC is not sim-
ply a compilation of independent research projects; rather, it is a large, coor-
dinated effort. Therefore, research in the ERC requires interactions among
multiple disciplines and researchers. Faculty members in ERCs are encour-
aged to collaborate with other faculty members, disciplines, and industry
researchers to accomplish their research goals. Scholars in ERCs also some-
times pursue other forms of professional activity that increase collaborations
with industry, such as consulting (Mowery 1998; Smilor, Dietrich, and Gibson
1993).

Impact of ERCs

Currently there are twenty-two active ERCs. Between 1985 and 2002, the
NSF funded a total of thirty-seven ERCs. The level of support from the NSF
is sizeable; for example, in 2002 (the most recent data summary compiled by
the NSF), the NSF allocated over $60 million to its ERCs ($2 million to $3.7
million per year per ERC). Table 5.1 presents a summary of average yearly
funding inputs. The first three columns in Table 5.1 provide overall funding
statistics for all ERCs and all years, such that each observation is an ERC-year
(i.e., ERC #1 in 2001, ERC #1 in 2002, etc.). The remaining columns provide
the averages and measures of dispersion for all ERCs during the period of our
data collection, namely 2001–2005.

The outputs produced by ERCs have also been substantial. Data from
1985 to 2002 show that ERC researchers produced a total of 10,922 peer-
reviewed journal articles and 9,260 peer-reviewed conference proceedings.
ERCs also have produced significant intellectual property; 908 inventions
were disclosed and 391 patents awarded to ERC researchers. In addition,
ERCs have been the origin of ninety spin-off companies that employ 927 per-
sons (Engineering Research Centers Program Performance Indicators Data 2002).
Table 5.2 presents a summary of average yearly research outputs for the cur-
rently active ERCs from 2001 through 2005. As in the first table, the first
three columns in Table 5.2 provide overall research output statistics for all
ERCs and all years, while the remaining columns provide the averages and
standard deviations for all ERCs.

As reflected in the standard deviation statistics in Tables Table 5.1 and
Table 5.2, a great deal of heterogeneity, or dispersion, exists among ERCs.

87The Pipeline from University Laboratory to New Commercial Product



TA
B

LE
5.

1.
A

ve
ra

ge
E

R
C

F
u

n
d

in
g

In
p

u
ts

by
F

u
n

d
in

g
So

u
rc

e:
20

01
–
20

05

So
ur

ce
of

Fu
nd

in
g

M
al

l
E

R
C

s,
al

l
ye

ar
s;

N
=9

9)
*

SD
(a

ll
E

R
C

s,
al

l
ye

ar
s;

N
=9

9)
*

M
in

/M
ax

(a
ll

E
R

C
s,

al
l

ye
ar

s;
N

=9
9)

*

20
01

M
(S

D
)

(N
=1

8)

20
02

M
(S

D
)

(N
=1

9)

20
03

M
(S

D
)

(N
=1

9)

20
04

M
(S

D
)

(N
=2

3)

20
05

M
(S

D
)

(N
=2

0)

To
ta

l
Fu

nd
in

g
R

ec
ei

ve
d

(A
ll

So
ur

ce
s)

$6
,8

60
,8

30
$3

,1
44

,8
02

$1
,5

94
,3

28
/

$1
9,

37
3,

40
5

$6
,5

61
,4

99
($

3,
35

32
63

)
$7

,3
30

,7
31

($
4,

00
6,

95
9)

$6
,8

56
,8

65
($

3,
14

5,
61

8)
$6

,3
25

,7
62

($
2,

71
1,

21
1)

$7
,3

02
,9

16
($

2,
64

4,
91

3)

N
SF

E
R

C
Pr

og
ra

m
$2

,8
99

,1
65

$9
44

,7
40

$5
77

,3
31

/
$5

,2
32

,4
01

$2
,4

49
,3

02
($

71
4,

94
1)

$2
,9

53
,9

21
($

81
2,

31
1)

$3
,0

02
,6

93
($

96
2,

08
7)

$2
,8

02
,8

12
($

97
9,

10
5)

$3
,2

64
.4

79
($

1,
08

4,
92

7)

O
th

er
N

SF
So

ur
ce

s
$1

33
,4

16
$2

85
,6

32
$0

/
$1

,1
62

,4
35

$1
48

,1
36

($
31

5,
02

9)
$1

66
,3

45
($

30
1,

92
4)

$1
34

,0
09

($
29

9,
66

9)
$1

41
,5

37
($

29
9,

39
2)

$7
8,

98
5

($
22

8,
69

4)

In
du

st
ry

(U
S

an
d

Fo
re

ig
n)

$6
05

,7
88

$8
56

,5
38

$0
/

$6
,2

66
,1

83
$9

29
,2

36
($

1,
47

2,
48

3)
$7

24
,0

10
($

97
1,

42
2)

$5
01

.7
22

($
51

6,
56

2)
$4

33
,2

93
($

52
1,

88
7)

$4
99

,6
05

($
45

8,
46

7)

Fe
de

ra
l

G
ov

er
nm

en
t

(U
S

an
d

Fo
re

ig
n)

$3
05

,9
42

$8
38

,0
53

$0
/

$6
,9

84
,5

00
$2

38
,7

50
($

43
1,

85
9)

$5
89

,6
29

($
1,

63
7,

08
5)

$2
10

,2
81

($
37

5,
32

3)
$1

99
,9

92
($

40
6,

26
2)

$3
09

,6
35

($
69

6,
14

8)

St
at

e
G

ov
er

nm
en

t
$5

02
,0

82
$8

78
,4

86
$0

/
$4

,4
64

,2
25

$7
71

,3
25

($
1,

22
6,

71
0)

$5
66

,6
10

($
1,

12
2,

38
5)

$4
33

,6
17

($
64

3,
45

8)
$3

71
,8

66
($

62
5,

65
0)

$4
13

,2
53

($
69

9,
16

4)

U
ni

ve
rs

it
ie

s
(U

S
an

d
Fo

re
ig

n)
$1

,0
68

,9
50

$1
,0

79
,4

88
$0

/
$6

,6
41

,3
88

$1
,3

81
,2

13
($

1,
57

5,
61

6)
$1

,0
54

,7
78

($
97

0,
97

4)
$9

32
,0

11
($

89
9,

54
5)

$9
55

,8
73

($
88

0,
88

1)
$1

,0
61

,5
08

($
1,

05
0,

77
5)

O
th

er
$4

2,
82

2
$1

72
,0

16
$0

/
$1

,3
00

,0
00

$7
8,

99
6

($
30

5,
41

4)
$6

3,
24

2
($

20
7,

33
8)

$2
4,

18
5

($
10

0,
06

7)
$3

0,
41

5
($

93
,2

10
)

$2
2,

83
9

($
79

,2
28

)

N
ot

e:
*
In

th
e

fir
st

th
re

e
co

lu
m

ns
,

th
e

m
ea

n
an

d
st

an
da

rd
de

vi
at

io
n

w
er

e
ca

lc
ul

at
ed

us
in

g
99

ob
se

rv
at

io
ns

,
of

w
hi

ch
ea

ch
ob

se
rv

at
io

n
w

as
an

E
R

C
-Y

ea
r

(e
.g

.,
E

R
C

#1
in

20
01

an
d

E
R

C
#1

in
20

02
ar

e
se

pa
ra

te
ob

se
rv

at
io

ns
).

88



TA
B

LE
5.

2.
E

R
C

T
ec

h
n

ol
og

y
an

d
K

n
ow

le
d

ge
T

ra
n

sf
er

O
u

tp
u

ts
:

20
01

–
20

05

R
es

ea
rc

h
O

ut
pu

t

M
(a

ll
E

R
C

s,
al

l
ye

ar
s;

N
=9

9)

SD
(a

ll
E

R
C

s,
al

l
ye

ar
s;

N
=9

9)

M
in

/M
ax

(a
ll

E
R

C
s,

al
l

ye
ar

s;
N

=9
9)

20
01

M
(S

D
)

(N
=1

8)
20

02
M

(S
D

)
(N

=1
9)

20
03

M
(S

D
)

(N
=1

9)
20

04
M

(S
D

)
(N

=2
3)

20
05

M
(S

D
)

(N
=2

0)
*

Pe
er

-R
ev

ie
w

ed
Jo

ur
n

al
Pu

bl
ic

at
io

ns
30

.9
9

23
.9

9
0/

11
31

.0
0

(2
5.

23
)

26
.6

3
(1

7.
55

)
30

.1
1

(1
6.

73
)

30
.3

9
(2

7.
48

)
36

.6
5

(3
0.

21
)

In
ve

nt
io

n
D

is
cl

os
ur

es
6.

45
7.

84
0/

33
6.

78
(8

.0
2)

6.
32

(8
.6

5)
6.

26
(6

.8
6)

6.
83

(7
.5

7)
6.

05
(8

.7
9)

Pa
te

nt
A

pp
lic

at
io

ns
4.

67
5.

70
0/

24
5.

28
(7

.1
9)

4.
32

(7
.1

7)
4.

95
(5

.1
5)

4.
52

(4
.7

6)
4.

35
(4

.5
3)

Pa
te

nt
s

A
w

ar
de

d
1.

37
2.

38
0/

11
1.

06
(2

.0
1)

1.
26

(1
.7

6)
1.

05
(1

.9
3)

1.
22

(2
.6

3)
2.

25
(3

.1
9)

Li
ce

ns
es

Is
su

ed
2.

55
6.

67
0/

44
2.

39
(4

.8
0)

1.
58

(4
.4

5)
2.

37
(3

.2
9)

2.
61

(8
.4

2)
3.

70
(9

.7
5)

Sp
in

-o
ff

C
om

pa
ni

es
0.

33
0.

67
0/

3
.3

9
(.

78
)

.3
7

(.
76

)
.4

7
(.

77
)

.2
2

(.
52

)
.2

5
(.

55
)

Sp
in

-o
ff

C
om

pa
ny

E
m

pl
oy

ee
s

5.
2

15
.0

9
0/

73
4.

50
(1

2.
49

)
5.

0
(1

5.
30

)
7.

16
(1

6.
54

)
5.

04
(1

5.
86

)
4.

35
(1

6.
07

)

Te
ch

ni
ca

l
C

od
es

an
d

St
an

da
rd

s
Im

pa
ct

s
0.

17
0.

86
0/

6
—

*
—

*
—

*
.3

5
(1

.1
1)

.4
5

(1
.4

7)

N
ot

e:
*A

t
ti

m
e

of
pu

bl
ic

at
io

n,
w

e
ha

d
20

05
da

ta
fr

om
tw

en
ty

E
R

C
s

of
th

e
tw

en
ty

-t
w

o
ac

ti
ve

E
R

C
s,

du
e

to
re

po
rt

in
g

ti
m

e
di

ff
er

en
ce

s.
�i

nd
ic

at
es

m
is

si
ng

da
ta

as
a

re
su

lt
of

ch
an

gi
ng

re
po

rt
in

g
re

qu
ir

em
en

ts
(i

.e
.,

fr
om

20
01

to
20

03
,

th
es

e
va

lu
es

w
er

e
no

t
re

po
rt

ed
).

89



These statistics provide evidence reinforcing our view that ERCs vary widely
in the way they organize themselves. These differences may be reflected in
varying technological opportunity or general organizational issues; we posit
they are due largely to the organizational factors discussed in the third and
fourth sections of this chapter. We believe that these organizational factors
explain much of the variance in research productivity among ERCs, as well as
their commercialization success.

DATA COLLECTION METHODS

Our research is part of a large project funded by the NSF that is aimed at dis-
covering best practices regarding technology commercialization occurring
within ERCs. The information we present in this chapter is a result of in-
depth qualitative interviews with sixty personnel from the twenty-two existing
ERCs, survey data from over 800 personnel, and archival data from ERC an-
nual reports for 2001 through 2005.

We used both quantitative and qualitative data collection methods, which
can be interwoven to maximize the knowledge yield (McCall and Bobko
1990) of a research endeavor (Currall et al. 1999). ‘‘Typically, ‘qualitative ob-
servation’ identifies the presence or absence of something, in contrast to
‘quantitative observation,’ which involves measuring the degree to which some
feature is present’’ (Kirk and Miller 1986). Qualitative methods are particu-
larly well suited for developing a grasp of organizational phenomena where a
well-established body of research literature does not exist, as is the case with
organizational analyses of ERCs. Accordingly, we utilized a ‘‘two-phase’’ design
(Creswell 2002) whereby we used qualitative methods to deepen our under-
standing of the organizational phenomenon under study, and to develop an
accurate conceptualization of how ERCs are organized and how they operate.
Subsequently, during the quantitative phase, we made use of the information
generated by interviews to develop survey instruments, which were adminis-
tered in November 2005. Surveys yielded quantitative perceptual and attitudi-
nal data. We will restrict our discussion mainly to our interview and archival
data; survey data will be used in our future research.

In-depth interviews with ERC personnel took place in 2005. Between Janu-
ary and May 2005, we visited eleven ERCs and spent at least one hour with
several representatives from each ERC, including directors, industrial liaison
officers (ILOs), administrative directors, education/outreach officers, and
research thrust leaders. Additionally, we also spoke with faculty members and
students who did not hold formal leadership positions in their ERC. We fol-
lowed a semi-structured interviewing process. We used a common pool of
questions and varied the order of questions depending on the answers we
received and the role held by the interviewee. When granted permission from
the interviewee, we recorded interviews and referred to the tape to complete
our notes for each interview. Additionally, in most cases, at least two
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researchers participated in every interview, with one research assistant attend-
ing every interview to maintain comparability across interviews. This proce-
dure resulted in notes from at least two perspectives, in addition to the actual
audiotapes. We ensured that our interpretations from each interview were
accurate and consistent across the interviewers.

We also conducted phone interviews between January and November 2005,
with directors and/or ILOs in each ERC we did not visit. Therefore, using the
combination of on-site and phone interviews, we spoke with at least one repre-
sentative from every ERC. This thorough interview process allowed us to grasp
the diversity of the ERCs and the context in which different ERCs operate.
Indeed, as we will discuss later, we found that ERCs varied substantially due to
different technology foci, geographic locations, and host universities.

Our conceptualization of technology commercialization outcome metrics
and antecedents was informed by our qualitative data. We advocate a multi-
faceted approach for operationalizing commercialization effectiveness (Banner
and Gagn�e 1995). Thus, commercialization effectiveness data were collected
in terms of quantitative archival data on the number of technology transfer
outputs, including invention disclosures, patent applications, patents awarded,
and spin-off companies. Likewise, we took a multidimensional approach to
conceptualizing the antecedents of commercialization success and their meas-
ures. The antecedents we uncovered during the interviews provided insights
into the ways in which ERCs vary in their commercialization practices and
success. Organizational variables were the primary determinants we found to
explain variation across ERCs. We explicate these variables later in this chap-
ter. First, however, we describe our general observations about characteristics
of ERCs and how they function as organizations.

CHARACTERISTICS OF ERCs

Pipeline to Commercialization

Traditionally, academic research was viewed as a linear process, progressing
from basic science to applied science to product development (Cohen, Nelson,
and Walsh 2002; Croissant, Rhoades, and Slaughter 2001). Universities histori-
cally focused on the basic science component. More recently, this viewpoint has
shifted as the focus to commercialization has shifted. Universities no longer
restrict themselves to basic science. Further, universities now contribute to both
sustaining (i.e., incremental) innovations and disruptive innovations (Rice, Lei-
fer, and Colarelli-O’Connor 2002). Therefore, collaboration among university
researchers and companies may help companies stay competitive by making
incremental improvements to existing products or by leveraging technical dis-
coveries to create completely new products. This is becoming increasingly com-
mon as universities contribute to development of new products (Cohen,
Nelson, and Walsh 2002; Croissant, Rhoades, and Slaughter 2001).
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Throughout their history, ERCs have emphasized both sustaining and dis-
ruptive technologies. In recent years, the ERC program management has
placed an increasing emphasis on awarding grants to ERCs engaged in ‘‘pre-
paradigmatic’’ or ‘‘transformational’’ research. These ERCs attempt to create
new science and engineering paradigms, which can result in revolutionary
technologies in new or existing industries. In line with NSF terminology, we
use the term ‘‘pre-paradigmatic’’ to describe the technology of these ERCs.
‘‘Paradigmatic’’ or ‘‘next generation’’ research centers, on the other hand, build
upon existing science and engineering models; they are focused on producing
incremental technological improvements to sustain existing product lines and
processes. We refer to these as ‘‘paradigmatic’’ technologies. Table 5.3 lists the
ERCs, their demographic information, and their technology categorization as
pre-paradigmatic or paradigmatic.

ERCs typically restrict themselves to activities designed to prove a tech-
nological concept or establish a limited application of the technology. These
are two of the three well-defined stages of disruptive technologies (Myers
et al. 2002). Proof of concept is the first stage; it shows viability of the
research idea. The second stage involves establishing a limited application,
which supplies the rationale for the new technology’s use over the conven-
tional approach. This is the stage at which ERCs may push the technology
toward commercialization via the university’s Office of Technology Transfer
(OTT) or another commercialization avenue. The final stage of technologi-
cal maturity, widespread commercial application, is not part of the ERC
charter.

Extensive further investment must be made to bring an ERC-based technol-
ogy to a stage that is ready for commercial application. Even if the university
is accommodating by lowering the cost of licensure, a company licensing the
technology still takes a considerable risk. According to one study, only 12 per-
cent of development projects become commercial products, and two-thirds of
those 12 percent succeed (Raine and Beukman 2002). Another study reports
that 46 percent of all licensed inventions fail before product development,
while 72 percent of inventions licensed at the proof of concept stage fail
(Thursby and Thursby 2003).

The risk in licensing new technology is high. Typically, more funding is
necessary for the technology before it can succeed as a commercial product.
The ERC model does not have a built-in mechanism to advance this transition
from immature technology to mature product. This is one explanation for
why ERCs have varying levels of success in commercialization. In the next
section, we delineate the organizational factors we believe to be central in
determining the rate of transition from university research to commercial
products. Scholars who study university technology commercialization can
use these factors in theorizing about the determinants of commercialization
effectiveness. Industry executives and leaders of agencies can use these factors
to better enable collaboration and commercialization success.
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TABLE 5.3. ERC Technology Descriptions and Categorizations

ERC
Founding

Year
Host

University
Technology

Area

Pre-Paradigmatic
or Paradigmatic

Technology

ERC for
Environmentally
Benign
Semiconductor
Manufacturing

1997 Univ. of
Arizona

Manufacturing
and Processing

Paradigmatic

ERC for Extreme
Ultraviolet
Science and
Technology

2004 Colorado
State Univ.

Microelectronic
Systems and
Information

Pre-Paradigmatic

Center for
Neuromorphic
Systems
Engineering

1995 California
Institute of
Technology

Microelectronic
Systems and
Information

Pre-Paradigmatic

Mid-America
Earthquake
Center

1998 Univ. of
Illinois

Earthquake
Engineering

Paradigmatic

The Center for
Enviromentally
Beneficial
Catalysis

2004 Univ. of
Kansas

Manufacturing
and Processing

Paradigmatic

ERC for
Collaborative
Adaptive
Sensing of the
Atmosphere

2004 Univ. of
Massachusetts

Manufacturing
and Processing

Pre-Paradigmatic

ERC for
Biomimetic
MicroElectronic
Systems

2004 Univ. of
Southern
California

Bioengineering Paradigmatic

Particle
Engineering
Research Center

1995 Univ. of
Florida

Manufacturing
and Processing

Paradigmatic

Center for Low
Cost Electronic
Packaging

1995 Georgia
Institute of
Technology

Manufacturing
and Processing

Paradigmatic

Biotechnology
Process
Engineering
Center

1995 Massachusetts
Institute of
Technology

Bioengineering Pre-Paradigmatic
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TABLE 5.3 (CONTINUED)

ERC
Founding

Year
Host

University
Technology

Area

Pre-Paradigmatic
or Paradigmatic

Technology

ERC for
Reconfigurable
Manufacturing
Systems

1996 Univ. of
Michigan

Manufacturing
and Processing

Paradigmatic

Integrated Media
Systems Center

1997 Univ. of
Southern
California

Microelectronic
Systems and
Information

Pre-Paradigmatic

Engineered
Biomaterials
ERC

1997 Univ. of
Washington

Bioengineering Pre-Paradigmatic

Center for
Advanced
Engineering
Fibers and Films

1999 Clemson
Univ.

Manufacturing
and Processing

Pre-Paradigmatic

ERC for
Engineering of
Living Tissues

1999 Georgia
Institute of
Technology

Bioengineering Pre-Paradigmatic

Center for
Computer-
Integrated
Surgical Systems
and Technology

1999 Johns Hopkins
Univ.

Bioengineering Pre-Paradigmatic

Center for Power
Electronics
Systems

1999 Virginia
Institute of
Technology

Microelectronic
Systems and
Information

Paradigmatic

Marine
Bioproducts
Engineering
Center

1998 Univ. of
Hawaii

Bioengineering Paradigmatic

VaNTH ERC for
Bioengineering
Education
Technologies

2000 Vanderbilt
Univ.

Bioengineering Pre-Paradigmatic

Center for
Wireless
Integrated
MicroSystems

2001 Univ. of
Michigan

Microelectronic
Systems and
Information

Paradigmatic

Center for
Subsurface
Sensing and
Imaging Systems

2001 Northeastern
Univ.

Microelectronic
Systems and
Information

Paradigmatic
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Strategic Planning

NSF funding of ERCs is typically awarded in approximately two five-year
terms, up to a maximum of eleven years. The NSF requires that long-term
strategic goals and plans be reevaluated frequently. Additionally, short-term
goals and action plans help ERCs achieve their long-term goals. To facilitate
this goal setting and strategic planning, the NSF introduced a tool in 1997
called the three-plane framework (see Figure 5.1).

The three-plane framework is used to align long-term and short-term plan-
ning and organizational resource allocation. The NSF requires ERCs to use
the three-plane framework in all strategic planning activities. It consists of
three levels, which represent the advancement of research from basic to
applied. The first plane focuses on fundamental, or ‘‘basic science.’’ The NSF
expects the majority of ERC research to fall into this category. The middle
plane is ‘‘enabling technologies.’’ The research in this plane reflects the middle
ground between basic research and commercial products. It brings together
basic research outputs and assembles them into components that can be used
to form a substantive output. The third plane is the ‘‘engineered systems’’
plane. This plane reflects applied research aimed at developing commercializ-
able products or processes. Engineered systems assemble the research from
the lower two planes into technologies that may be commercializable.

ERC research is oriented toward the engineered systems plane. This is fun-
damentally different from the traditional university research paradigm, which
is more driven by curiosity than focused on translational research and engi-
neered system deliverables. Research thrusts (i.e., groups of researchers)
inside the ERC are often formed according to the three-plane framework.
Sometimes a thrust maps vertically and conducts research in all three planes.
Other times, thrusts are horizontal and focus on only one plane. Often,

TABLE 5.3 (CONTINUED)

ERC
Founding

Year
Host

University
Technology

Area

Pre-Paradigmatic
or Paradigmatic

Technology

Pacific
Earthquake
Engineering
Research Center

1998 Univ. of
California–

Berkeley

Earthquake
Engineering

Paradigmatic

Multidisciplinary
Center for
Earthquake
Engineering
Research

1997 Univ. at
Buffalo

Earthquake
Engineering

Paradigmatic
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testbeds are formed as a mechanism for integrating the work of all the thrusts;
testbeds most often reside in the third plane. Although ERCs vary in their
implementation and interpretation of NSF mandates, the three-plane frame-
work provides a template to which ERCs generally adhere. The framework
has implications for the organizational structure of ERCs.

Organizational Structure

The strategic planning requirement is one aspect of ERCs that makes them
operate as more formal organizations than academic departments, which only
rarely engage in formal strategic planning. ERCs also have several leadership
teams: a core leadership board, an industrial advisory board, and a scientific
advisory board. The core leadership board consists of the internal ERC leader-
ship roles: a director, an assistant director, an administrative director, an
industry liaison officer (ILO), an education/outreach officer, and two to five
research thrust leaders. The director and the research thrust leaders are usu-
ally faculty members, while persons with corporate and/or administrative
backgrounds often hold the other positions. The industrial and scientific advi-
sory boards are in place to provide input on the direction of research. Most
member companies send one representative to serve on the industrial advisory
board. This is an important role for industry partners because it allows them
to provide input as well as gain access to the latest research knowledge and
discoveries. Indeed, companies that maintain close ties report receiving the
most benefits from their participation with the ERC (Feller, Ailes, and

FIGURE 5.1 Three-Plane Framework
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Roessner 2002). Finally, the scientific advisory board is made up of key
experts in the areas in which an ERC conducts research.

ERCs are hosted by one lead university and partner with several other uni-
versities. The administrative function of leadership resides at the lead univer-
sity. Collaborations are often geographically dispersed around the U.S. The
ERC educational programs also focus on diversity and outreach, which
encourages collaboration with historically minority-oriented universities. ERCs
also give early exposure to elementary- and high school-aged students, in an
effort to recruit the next generation of scientists and engineers.

In addition to providing general requirements for the basic organizational
structure, the NSF closely oversees the organizational functioning of ERCs.
Each year, an NSF review panel visits each ERC for several days to provide
feedback on successes and areas requiring improvement. ERCs hold one or
more retreats per year to plan for the site visit, engage in strategic planning,
and revisit their overall goals. Advisory boards and faculty attend these retreats.
The leadership teams and students from every ERC also attend the annual ERC
conference in Washington, D.C., hosted by NSF, at which they consult with
other ERCs to share best ERC practices and receive from NSF the strategic
focus of the overall ERC program for the upcoming year. In addition to the for-
mal gatherings, each ERC holds informal events such as consulting days where
lawyers or entrepreneurs provide information on commercialization activities,
students present their research to industry representatives, lunches are held to
share research progress, and other opportunities are provided for the parties to
share information.

In sum, ERCs are organizational entities themselves. They are usually dis-
persed over large geographic areas and function as virtual research organiza-
tions. Because of their unique features, ERCs make ideal candidates for study
by organizational researchers, especially in the area of technology commercial-
ization and industry-university collaboration.

Industry Relationships

A hallmark of the ERC program is significant involvement by industry. This
is reflected in the following statement regarding the ERC Program manage-
ment’s vision for ERCs: ‘‘Thus, ERCs provide the intellectual foundation for
industry to collaborate with faculty and students on resolving generic, long-
range challenges, producing the knowledge needed to ensure steady advances
in technology and speed their transition to the marketplace, while training
graduates who are more effective in industry’’ (Engineering Education and Cen-
ters Division, document 00-137a 2003). ERCs are similar to other academic
research centers funded by the NSF, yet they are unique because of their focus
on development of engineered systems rather than solely on basic research.
They are also unique in their focus on collaboration with multiple disciplines,
universities, and industrial partners.
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Feller and colleagues (Feller, Ailes, and Roessner 2002; Feller and Roessner
1995; Roessner et al. 1998) have extensively studied the industry partner per-
spective in ERCs. They have found that industry receives many benefits from
participation in ERCs, especially when they are closely engaged and maintain
frequent contact. Perhaps surprisingly, partner firms do not place the greatest
value on the acquisition of intellectual property but, rather, place most value
on the knowledge transfer outputs from an ERC in the form of students grad-
uating and access to cutting-edge science. One interviewee attributed this to
the fact that, if the university maintains intellectual property rights, then no
other competitor can own it, and the university can fight the battle of owner-
ship with others instead of the industry partner fighting that same battle with
its competitors.

From the industry perspective, the benefits of an affiliation with an ERC
are made possible because substantial NSF funding helps establish a success-
ful research infrastructure without requiring large investments from industry.
The research infrastructure brings key faculty together and provides a forum
for collaboration on a common integrative theme that spans departments, dis-
ciplines, and institutions. Because of these benefits, companies often pay
membership dues and participate without requiring detailed economic justifi-
cation for their participation. Most feel they receive many benefits, but those
benefits are not easy to translate into bottom-line figures; often they are intan-
gible and hard to quantify (Feller, Ailes, and Roessner 2002).

Herein lies a significant challenge for ERC sustainability after the NSF
funding ends. When government funding ends, ERCs often look to industry
for financial sustainability. However, because industry cannot easily quantify
the payoffs of their participation, they may not invest more than nominal fees
in an ERC. Sponsored research is easier to justify because it is tied to a spe-
cific deliverable. But sponsored research income alone cannot fund an ERC
and the overhead associated with it. Indeed, membership dues for an ERC are
unlikely to financially sustain an ERC. Therefore, Feller and colleagues argue
that the ERC is a financially fragile organization because, without continued
government support, it cannot maintain its industry partnering model and
success (Feller, Ailes, and Roessner 2002).

In our examination of ERCs, we uncovered this pattern, which may reflect
the lack of sustainability know-how on the part of government leaders. Some
ERCs have begun demonstrating success at self-sufficiency, but the current ERC
model itself is not conducive to successful sustainability through industry fund-
ing. This is one of the biggest topics of concern among ERC personnel today.
Our research indicates that the most successful ERCs tend to view themselves
as start-up companies or enterprises. However, often ERC leaders have academic
roots, not entrepreneurial roots, which make them unfamiliar with managing
the ERC as an enterprise. The NSF paradigm for sustainability advocates income
from government, university, and industry sources. The government’s emphasis
on industry funding, however, is often overly optimistic. Another perspective
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worthy of consideration is the inclusion of endowments (private donors) as a
category of financial support for ERCs. Adding private donors to the list of
possible funding sources is a promising possibility. Overall, it seems that the
ERC organization may indeed be fragile when the time comes for financial self-
sustainability.

ORGANIZATIONAL FACTORS IMPACTING COMMERCIALIZATION
OF UNIVERSITY TECHNOLOGIES

In this section, we use preliminary findings from our study of ERCs to shed
light on sources of heterogeneity across ERCs with respect to technology com-
mercialization.

Organizational Porosity

Porosity describes the flow of resources (information, people) across organ-
izational boundaries. A research organization can be porous in two ways:
intraorganizational porosity and extraorganizational porosity. Intra-ERC poros-
ity is the collaboration that occurs within the ERC, among individual investi-
gators and research teams, and across academic disciplines. Many people we
interviewed emphasized the importance of interdependent research teams in
collaboration across these boundaries. Also mentioned was the important role
of testbeds in integrating research teams toward a common goal, which there-
fore facilitates collaboration. A higher level of collaboration appears to encour-
age more commercialization productivity because of the ability to tackle
complicated applied problems that require input from various research thrusts
and different academic disciplines.

Extra-ERC porosity involves the collaboration and communication between
the ERC and its affiliates, such as its industry partners and other universities.
Again, the importance of frequent communication with industry partners was
emphasized throughout our interviews. More interaction between the ERC
and the industry appears to lead to more commercialization productivity
because of input about market demand from industry experts or entrepre-
neurs (Feller, Ailes, and Roessner 2002).

An important antecedent of intra- and extra-ERC porosity is the level of trust
among the parties. Indeed, trust has been suggested as an important indicator
of the degree to which universities commercialize technology (Gopalakrishnan
and Santoro 2004). Intra-ERC trust involves trust among researchers, within
and across research teams and across the boundaries of traditional academic
disciplines. Extra-ERC trust reflects the level of trust ERC personnel have with
industry partners, and vice versa. In the ERC context, increased trust likely
leads to more porosity because of enhanced information flow, more cooperative
contractual agreements, and decreased transaction costs (Inkpen and Currall
2004), all of which are expected to lead to more commercialization activity.
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We view porosity as a central consideration when analyzing commercializa-
tion effectiveness. By the nature of collaboration, a high level of communica-
tion is required among researchers and between industry and universities.
Therefore, trust formation must be an important requirement in enhancing
collaboration. From our interview results, we believe that ERCs that have high
levels of communication and collaboration across boundaries are most suc-
cessful in terms of shorter commercialization timelines and success in com-
mercialization activities.

ERCs’ Managerial Structure

Managerial structure is defined by three facets: hierarchical levels, central-
ization, and formalization. Some authors posit that because technological
innovations must start with those people with technical competency, technol-
ogy commercialization occurs most successfully when a research organization
is organic (i.e., flatter structure, decentralized, and informal). Yet, the question
of structure is complex because the mere existence of a multi-disciplinary
research center such as an ERC demands a certain degree of centralization,
formalization, and hierarchy (Bozeman and Boardman 2003).

Bozeman and Boardman (2003) make several recommendations for organ-
izing research centers, such as aligning reporting lines to the unique culture
of the university, delineating responsibilities between an administrative direc-
tor and research director, fostering creative competition by offering seed
money for promising grant proposals, and cultivating center-wide relation-
ships through gatherings and communications that include faculty and indus-
trial partners. These efforts can be challenging to implement when a research
center attempts to partner with multiple universities, especially when they
involve the work of researchers who have little visibility with their respective
university leaders. Leadership buy-in from all universities involved is very im-
portant; this may be harder to achieve if organizational structures and proc-
esses are mismatched among the universities and the ERC.

ERCs unavoidably introduce some degree of bureaucracy. In our inter-
views, many faculty members complained about the administrative burdens of
ERC involvement. However, most acknowledged that the benefits of involve-
ment in an ERC outweigh the burdens. Nevertheless, it is important to recog-
nize the added pressures ERC researchers must endure to pursue ERC-related
research. To foster first-rate academic research, as well as technology commer-
cialization activities, ERC leaders must minimize the administrative load expe-
rienced by ERC faculty members.

Reputation of an ERC’s Host University

ERCs based in universities with favorable reputations are more likely to
commercialize successfully and more frequently. This may be because industrial
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partners gravitate toward relationships with universities perceived to produce
relevant research for markets (Bradshaw, Munroe, and Westwind 2005; Di Gre-
gorio and Shane 2003; Sine, Shane, and Di Gregorio 2003; Stuart 2000). Fur-
ther, universities with strong reputations attract faculty with successful track
records in cutting-edge research and industry collaboration. Often these faculty
members secure industry contacts that greatly benefit the ERC. Therefore, both
the university’s reputation and the reputation of its faculty members mutually
reinforce an ERC’s ability to succeed with commercialization efforts.

Commercialization Infrastructure of an ERC’s Host University

Support systems are an important aspect of commercialization activity. Rea-
sonable patent protection, ownership, and licensing policies are crucial to suc-
cess in commercialization (Gopalakrishnan and Santoro 2004). Office of
Technology Transfer (OTT) policies should encourage commercialization by
reducing risk to the licensing companies and reducing risk to the inventors.
The ILO role is a featured role in ERCs that gives further infrastructure sup-
port to faculty interested in commercializing. The ILO acts as an important
boundary person who can negotiate relationships between universities and
industry, as well as personally market technologies to company contacts. The
ILO also may act as a liaison to the OTT to ease the burden of the commerci-
alization process on faculty. We found that ERCs with active, marketing-ori-
ented ILOs tended to be more successful than ERCs whose ILOs focused
primarily on industrial membership recruitment and partnering. Moreover, if
the ILO is successful, his or her work can further drive the entrepreneurial
culture that supports commercialization (Kassicieh, Radosevich, and Umbarger
1996).

In addition to the industrial liaisons provided by the ERCs, our interviews
uncovered other features of ERCs that encourage translation of research into
commercialized technologies such as dedicated support staffs, state-of-the-art
research facilities, and access to dedicated office equipment. One interviewee
called this a ‘‘universe of support’’ and suggested that it is vital to achieving
commercialization success.

Industry Targets and Technology Area

The commercialization process differs across industries. Some industries
include companies that are more receptive to university technologies (Hanson
1995). Prototypes are required before companies consider licensing; yet in
certain industries, such as the life sciences, it takes longer to develop a prod-
uct for testing (Hsu and Bernstein 1997). Further, life sciences are an example
of an industry that must surpass regulatory hurdles before commercialization
can occur. Nevertheless, the life sciences are a source of sizeable commerciali-
zation activity, accounting for up to two-thirds of total patent activity (Fisher
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and Atkinson-Grosjean, 2002; Mowery 1998). Companies in the semiconduc-
tor and electronics industries also are very active in commercialization
(Mowery 1998). The upshot is that if an ERC is involved in an industry with
high commercialization rates, the ERC is expected to have more commerciali-
zation success.

In addition to the type of industry and technological focus, other industry
factors were discovered in our interviews. Many respondents mentioned the
need to manage expectations with industry, and most mentioned the clash of
timelines between industry and university research. Other interviewees men-
tioned the need to maintain close contact with industry in order to receive
timely feedback and input; this maintains the commercial relevance of univer-
sity research. But most ERC personnel also mentioned that restricting industry
partners to an advisory role, and not a management role, is a key condition
to making collaboration successful.

Many respondents emphasized the concern that ERCs can truly only be the
‘‘R’’ in R&D. In other words, ERCs are only equipped (i.e., in regard to fund-
ing, facilities, researchers, timelines, etc.) to do the initial research on technol-
ogy, but not actual product development. The testbeds of the ERCs seem to be
the best place for optimal collaboration, because they conduct applied aspects
of the research. Therefore, many interviewees said that a match between the
testbeds and the interests of industrial companies leads to successful collabora-
tion. Finally, many interviewees asserted that corporations need to learn how to
work with universities and that ERCs need to learn how to work with corpora-
tions. This goes back to a fundamental premise of this chapter: an understand-
ing of the interface between industry and university must be achieved to
increase commercialization and collaboration success.

In summary, we have observed several antecedents to commercialization
effectiveness. We believe that porosity of organizational culture, managerial
structure, university reputation, university infrastructure, and industry/technol-
ogy area are important when explaining commercialization heterogeneity across
ERCs. In the next section, we apply these observations to universities more
broadly to contribute to scholarly discourse regarding the factors that make uni-
versities successful in commercialization. An increased understanding of these
issues also will facilitate improved corporate-university collaborations.

IMPLICATIONS FOR TECHNOLOGY TRANSFER SCHOLARS AND CORPORATIONS

ERCs provide an intriguing context in which to study university technology
commercialization. They are enterprising and industry-focused; therefore, they
reflect trends in many universities toward greater entrepreneurial activity. We
have inductively explored the organizational functioning of ERCs, as a specific
example of how universities engage in technology commercialization. Our ini-
tial findings indicate that heterogeneity exists across ERCs with regard to tech-
nology commercialization practices and organizational functioning.
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Scholars interested in university-industry technology commercialization can
use the variables we uncovered in exploring technology commercialization
heterogeneity across ERCs to develop new conceptual models of university
technology commercialization. Further, ERCs hold many interesting opportu-
nities for learning about universities, especially entrepreneurial universities,
which are committed to technology transfer. The technology commercializa-
tion focus of ERCs will be interesting to scholars who study technology trans-
fer because the data available is vast and the record keeping is unsurpassed in
other types of academic research organization.

As always, causation is difficult to determine without a complex, con-
trolled, longitudinal study design. Even then, it is often difficult to disentangle
cause and effect of organizational phenomena. For instance, do our organiza-
tional variables invariably cause technology commercialization, or could the
relationship be bi-directional? Although we have made extensive use of longi-
tudinal qualitative and quantitative data, we cannot conclude with certainty
the direction of relationships discussed here. These concerns are valid, and
we acknowledge this limitation of the present study, especially in these pre-
liminary findings.

Individuals in companies that collaborate with universities should assess
where a university falls on the spectrum of each of the organizational variables
we discussed above. How encouraging is the university toward faculty members
commercializing their research outputs? How bureaucratic, hierarchical, and cen-
tralized is the university and/or academic department hosting the research
efforts? Is it organic and flexible, allowing the researchers to collaborate freely?
What resources are provided in the way of commercialization support, and what
policies are in place in the university’s OTT? How open are the communication
lines between the university and its industry partners? These are important ques-
tions to ask about a university with which a company aims to collaborate.

Answers to these questions will assist company executives in understand-
ing barriers and concerns of the university. Partnerships must be positioned
in terms of long-term research benefits for the university (e.g., sponsored
research funding and access to industry experts), which may motivate the uni-
versity to relax the terms of licensing demands. If an industrial liaison exists,
they can serve as boundary communicators because they understand both
university and industry concerns. Therefore, it may be advisable for compa-
nies to initiate contact with ILOs rather than university technology transfer
professionals or individual faculty members.

Scholars and industry leaders alike can learn from the findings presented
in this chapter in regard to how universities participate in technology com-
mercialization. The preliminary findings on ERCs that we presented in this
chapter are intended to help scholars better explore commercialization success
in universities. We hope that lessons learned from our study of ERCs are use-
ful to industrial R&D executives in building effective commercial relationships
with multidisciplinary academic research centers.
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