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“Almost everything that distinguishes the modern world from earlier centuries is 
attibutable to science.... “  
 
 Bertrand Russell, History of Western Philosophy, (London, 1979).  
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Executive Summary 
 
 
HISTORY AND PURPOSE OF THE IMPACT ASSESSMENT 
 
In October 2002, the Texas Higher Education Coordinating Board (HECB), as required 
biennially by its enabling legislation, undertook an external expert evaluation of the Advanced 
Research Program (ARP) and the Advanced Technology Program (ATP).1 One of the 
recommendations from that evaluation was to carry out a longitudinal study that more fully 
assessed the impact of those programs. 
 
An impact assessment of the Advanced Technology Program and Technology Development and 
Transfer (TDT) grants was published in March 2005. The current document is a companion to 
the earlier report and assesses the Advanced Research Program. The assessment has been funded 
through a grant from the HECB and began in fall 2005. The grantee was required to file a 
preliminary report by October 1, 2006, to present updates and progress reports to meetings of the 
Advisory Committee on Research Programs (ACORP) and the full Texas Higher Education 
Coordinating Board, and to deliver a final report by December 1, 2006.  
 
 
RESEARCH DESIGN METHODOLOGY 
 
The Advanced Research Program supports basic research at public higher education institutions 
in Texas. According to current Texas Administrative Code, the ARP “…supports research 
designed to attract and retain the best students and researchers and to help provide the knowledge 
base needed for innovation.”2  
 
To determine the ARP’s progress in fulfilling its legislatively stated goals, a multi-step research 
procedure was developed to:  
 

• identify quantifiable economic impacts and other economic benefits that have resulted 
from the program to date;  

• assess the program’s ability to attract exceptional students to higher educational 
institutions, to educate the students, and to retain students as productive members of the 
state’s science and technology workforce;  

• determine how ARP’s economic impacts compare to similar basic research grant 
programs in other states and countries;  

• provide suggestions about potential changes to enhance future program performance; and  

                                                 
1 See Advanced Research Program/Advanced Technology Program 2003 Program Announcements, page four. 
Quoted material appeared originally in Evaluation of the Advanced Research and Advanced Technology Programs: 
A Report of the Texas Higher Education Coordinating Board, Mildred Dresselhaus, C. Robert Hewes, and Jiri 
Jonas, January 2003. 
2http://info.sos.state.tx.us/pls/pub/readtac$ext.TacPage?sl=R&app=9&p_dir=&p_rloc=&p_tloc=&p_ploc=&pg=1&
p_tac=&ti=19&pt=1&ch=14&rl=11  
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• compile perspectives from senior administrators at research universities in Texas, 
national research leaders, and principal investigators of ARP projects about current and 
future research initiatives, and the role of ARP in these initiatives. 

 
Three major research phases collected and analyzed data for the 1,312 ARP projects funded 
(totaling approximately $161 million) in the biennial cycles from 1987-2001 (i.e., 1987, 1989, 
1991, 1993, 1995, 1997, 1999, 2001).3 
 
Phase I was comprised of two data collection efforts as follows. 
 

• Survey of Principal Investigators (PIs) 
One PI from each ARP project awarded was contacted via e-mail and invited to 
complete a web-based survey to share information about his or her project(s), its 
economic, educational, and scientific impacts, as well as his or her opinions about 
future research priorities.  
 

• 21st Century Interviews 
Advice and counsel was sought from senior administrators at Texas research 
universities, national research leaders, and technology licensing directors at Texas 
higher education institutions regarding current and future research priorities and 
initiatives.   
 

Phase II included further quantitative and qualitative data collection which provided information 
regarding ARP’s impact on students and educational processes and the application of ARP-
developed technologies, both commercially and within the scientific community. Phase II was 
comprised of three main data collection efforts, as follows. 
 

• Survey of Graduate Student ARP Participants 
Based on contact information provided by PIs in the PI survey, 567 graduate students 
who had worked on ARP projects were contacted about: 
 

(1) Their decisions to attend graduate school in Texas; 
(2) How their ARP projects affected their graduate school experiences; and 
(3) Their post-graduate school employment and location decisions. 

 
• Case Studies 

Using data collected from the principal investigator survey, a sub-sample of projects 
were examined further. Projects were selected according to three criteria: significant 
amounts of follow-on funding, intellectual property awarded, and/or interesting other 
economic benefits. Case studies were prepared on 22 ARP projects which highlight 
specific applications from successful ARP projects and principal investigators’ 
experiences.  

 

                                                 
3 No ARP awards were made in 2003, and a modified project cycle awarded $8.354 million in ARP grants in 2006. 
Therefore 2001 grant awards were the last group included in the assessment.  
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• Commercial Activity 
Data were collected on all companies listed by PIs as being formed in whole, or in 
part, from ARP research. Interviews were conducted via e-mail, phone, or in person 
with the PI(s) of the projects and company representatives. Both quantitative and 
qualitative data were compiled to generate estimates of the companies’ market-based 
economic impacts.  

 
Phase III was devoted primarily to data verification, benchmarking analyses, and evaluation of 
economic impacts from graduate students participating in ARP projects.  
 

• Benchmarking Analyses 
Two types of benchmarking were performed: workforce characteristics and basic 
science program outcomes. Characteristics of state science and technology 
workforces in Texas and select other states were benchmarked at specific times and 
longitudinally to determine the relative standings of states. Program outcomes from 
the Texas ARP were compared with information collected from basic research 
programs in other states and countries to probe relative program performances. 
 

• Post-Project Employment Impacts  
A multi-step procedure generated estimates of post-project employment and salary 
impacts for graduate students who worked on ARP projects.  
 

 
MAJOR QUANTIFIABLE ECONOMIC IMPACTS 
 
ARP projects have engendered quantifiable economic impacts across the State of Texas that far 
exceed the $161 million research investment. Economic impacts include follow-on research 
funding brought to Texas universities; revenues generated from licensing and royalty 
agreements; commercial activity in the form of revenues, venture capital funding, employee 
salaries, and research and development funding for companies formed in whole or in part from 
ARP research; industrial benefits arising from adoption of a new process, improvement of an 
existing process, cost savings, or cost avoidance; and student employment impacts and increased 
value to employers from graduate students’ project experiences.  
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The total identifiable economic impacts from ARP projects to date are estimated as:  
 

Follow-on funding    $481.9 million 
 License and royalty revenue         2.4 million 
 Start-up commercial activities    123.6 million 
 Industrial economic benefit     120.3 million 
 Post-project student employment   
  salaries due to ARP:     188.7 million4 
 
  Total:     $916.9 million 
 
  ARP funding to date:   $161.4 million 
 
  Return on investment:      5.7:1 
 
In sum, for every dollar allocated to an ARP research project, benefits have been $5.70 through 
2006. Please note that the total economic benefit does not include an additional $323.6 million 
which will occur beyond 2006 from enhanced salaries of graduate students. If this amount were 
included, the return on investment would increase to approximately 7.7:1.  
 
The impacts in Texas are slightly lower because one company is headquartered in California, and 
a portion of student salaries will occur outside the state. Texas’ total identifiable economic 
impacts from ARP projects to date are estimated as:  
 

Follow-on funding    $481.9 million 
 License and royalty revenue         2.4 million 
 Start-up commercial activities      45.1 million 
 Industrial economic benefit     120.3 million 
 Post-project student employment   
  salaries due to ARP:     100.0 million 
 
  Total:     $749.7 million 
   
  ARP funding to date:   $161.4 million 
   
  Return on investment:      4.6:1 
 
Please note that the total economic benefit in Texas does not include an additional $171.5 million 
that will occur beyond 2006 from enhanced salaries of graduate students. If this amount were 
included, the return on investment would increase to 5.7:1.  
   

                                                 
4 This is comprised of $34.5 million in salaries and an additional $154.2 million student-estimated increased value 
due to their ARP experiences. These totals are based on an assumption that each employee only remained in his/her 
position for six months. Had national employment tenure figures of 2.9 years for graduate students and 1.3 years for 
undergraduate students been used, the total amount (salaries and increased value) would have been $271.2 million.  
See chapter 4 for more information. 
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The primary economic benefits, follow-on funding and post-project employment student salaries, 
align with ARP’s goals as a basic research program and its role in educating students who realize 
substantial economic value from larger salaries.   
 
 
STUDENT AND EDUCATIONAL IMPACTS 
 
One primary goal of the ARP is to attract and retain outstanding students and to educate them to 
become quality scientists and engineers within Texas. ARP’s success in achieving these goals 
was assessed with data from principal investigators of ARP projects and from data provided in a 
survey of graduate student participants.   
 
An estimated 5,784 graduate students (and possibly as many as 8,313 graduate students) have 
worked on ARP grants. Most PIs (90%) felt that the ARP was moderately important to very 
important in attracting outstanding graduate students to their institutions. PIs also are of the 
opinion that ARP has been an important component in educating students. In fact, 90% of PIs 
believed the most important product of the ARP program is educated students. Most PIs (91%) 
also stated that ARP projects significantly contributed to producing students who are adequately 
trained for their careers and futures.  
 
Data collected through the ARP graduate student survey sought to evaluate the influence, if any, 
of ARP projects on: 
 

• Graduate students’ decisions to attend specific graduate programs at public 
universities in the State of Texas; 

• Students’ educations, experiences, and improvements in skill sets; 
• Occupational decisions of graduate students after matriculation; and 
• Graduate students’ location decisions after completion of their graduate education; 

that is, their decisions to remain in Texas or locate elsewhere. 
 
A total of 279 students completed all or a portion of the survey. The overall response rate was 
approximately 48% of students who could be contacted.  
 
Graduate students indicated the most important factors affecting their decisions to select graduate 
programs were a university’s reputation for research in their area of interest, a desire to work 
with a particular professor at a university, and/or universities’ offers of substantial financial 
assistance. Based on these responses, ARP’s ability to enhance academic and researcher 
reputation and provide financial support for students is certainly a contributing factor in helping 
attract outstanding graduate students to Texas. 

 
A large majority of graduate students stated that their ARP project work was more important to 
them than most of their classroom education, a great enhancement of their learning and overall 
education, and made them a more attractive hire to potential employers. These data indicate that 
the ARP experience is clearly important to the education of students who are involved. 
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While not all educational benefits of ARP projects remain in Texas, a large portion does. The 
majority of students who were from Texas at the time they chose a graduate school remained in 
Texas after they completed their education and are still living in Texas. Of students who came 
from outside Texas to attend graduate school, more than 40% remained in Texas immediately 
after finishing their graduate program and about one-third were still residents in 2006.  
 
In sum, a uniform pattern emerges about student and educational impacts. ARP has attracted 
graduate students to Texas universities, and students view their ARP experience as a strong 
component of their education. And large numbers of these graduate students remain in Texas 
after graduation, infusing the Texas workforce with the benefits of their expertise.  
 
 
THE 21st CENTURY RESEARCH PROGRAM 
 
As part of this assessment, the Higher Education Coordinating Board asked that guidance and 
counsel be sought about current and future research programs for the State of Texas. It was 
suggested that senior university executives in Texas be interviewed, as well as knowledgeable 
individuals and national leaders with a broader perspective on research trends across states and 
within the federal government. Perspectives of university technology licensing officers and 
principal investigators were sought as well.  
 
Interviews were guided by the following general questions: 
      

• How successfully is the State of Texas currently providing research funds to public 
universities?  

• With the current research programs (Research Development Fund (RDF), Advanced 
Research Program (ARP), and Emerging Technology Fund (ETF)), what are the major 
gaps, if any, that need to be addressed? What research programs should the State of 
Texas aspire to fund in the next ten years?  

•    In coming years, should an ARP-type program (early-stage basic research) continue to be 
 part of a multi-program menu? If so, how would it best fit within a  spectrum of research 
 support? 
  
Senior university executives at 24 Texas universities and institutions were contacted for 
interviews. This group included public and private universities, biomedical organizations, and 
other research entities with the largest research expenditures in the State of Texas. Interviews 
were conducted with senior administrators at 23 institutions.  
 
The primary challenge cited by administrators, national research leaders, and principal 
investigators is inadequate research funding. There is a strong consensus for investigator-
initiated projects and a multi-program portfolio of research opportunities that encompasses basic 
science, applied science, and development.  
 
Substantial diversity exists within groups about specific future research initiatives. More than 
80% of administrators believe that an ARP-type program should continue as part of a multi-
program research menu. A slight majority identified different types of initiatives for basic 
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research (ARP, supporting researchers early in their careers, recruitment of prominent 
researchers, and the RDF), whereas nearly 40% of administrators said the biggest need was for 
gap funding, and a smaller number identified applied research as a priority. Preferences about 
private institutions’ eligibility for ARP funding were diverse, with a slight majority of 
administrators favoring inclusion.  
 
Eight national leaders in the area of technology-related research were interviewed about state 
research programs. No clear consensus emerged regarding the types of programs that should be 
supported, although there were preferences that basic research be supported by the federal 
government, and late-stage research be funded primarily by industry, with states focusing their 
resources on middle-stage transition research. Others believed that research support should not 
be oriented toward any particular stage, and some interviewees emphasized that each state should 
establish its own research program, based upon state needs and goals, as well as the strengths of 
its universities.     
 
ARP principal investigators also provided perspectives about current research challenges, 
research priorities, and future research initiatives. The two current challenges cited most 
frequently were inadequate resources for more basic or risky research and low research funding 
levels in general. Principal investigators’ prefer a portfolio of research programs which provides 
more funds for basic or high risk research in specified research areas, although there was a lack 
of consensus about the specific research areas. Approximately 85% of principal investigators 
endorse continued or enhanced funding for basic research with the three most commonly cited 
reasons being: (1) basic research is the foundation for later applied research; (2) basic research 
funds are critical in providing seed funding for federal grants and for new researchers; and (3) 
basic research is important because of its role in training students and attracting/retaining strong 
faculty.  
 
Officials responsible for technology licensing at Texas universities and research institutions were 
contacted regarding the same general research issues. Many officials identified gaps in funding at 
key transition points in the university research spectrum where help is often required to move 
technology to the next stage. Opinions were diverse about which types of research support 
should be emphasized in the next decade.    
 
 
CASE STUDIES  
 
To review important qualitative benefits and highlight particularly successful research efforts, 
case studies were developed on 22 ARP projects. A total of 95 projects were identified and 
ranked based on three criteria: significant amounts of follow-on funding, intellectual property 
awarded, and/or interesting other economic benefits. Eighty-three PIs were contacted, interviews 
were conducted with 40 PIs to gather information, and supplemental data were obtained from a 
variety of other sources.  
 
Each case study contains an overview of the project, background information, details of the 
research process, and a description of the research achievements and impacts. Cases document 
follow-on research funding secured, training of students who subsequently went on to pursue 
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related-work, and path-breaking research that influenced academic subfields. ARP was praised 
by principal investigators for its willingness to fund basic research projects without large 
amounts of preliminary data, its flexibility in permitting researchers to explore new directions, 
and its role in establishing research laboratories. 
 
 
START-UP COMMERCIAL ACTIVITY 
 
Eleven start-up companies have been formed based on ARP-funded research projects. 
Active companies employ approximately 301 full-time employees with 172 of based in Texas. 
Total salaries to date are estimated to be, at a minimum, $19.25 million. The total economic 
benefit of the commercial activity (revenues, venture capital funding, employee salaries, and 
research and development funding) attributable to ARP is more than $123.6 million. The total 
benefit in Texas is estimated at approximately $45 million, with the remainder occurring in 
California, where the largest of the 11 companies, Pharmacyclics, is headquartered. Profiles for 
each of the companies provide a richer understanding of the magnitude of economic impacts 
generated by ARP grants and their potential for future growth.  
 
 
BENCHMARKING  
 
Two types of benchmarking were performed: workforce characteristics and basic science 
program outcomes. The ARP program was created in part to strengthen Texas’ scientific and 
technological workforce by increasing the supply of engineers and science graduates. To 
evaluate how the Texas workforce compares with those of other states, and to determine how the 
current Texas workforce has changed, benchmarking comparisons were performed with 13 other 
states on a variety of science and technology indicators. In addition, several different workforce 
indicators were tracked longitudinally from approximately 1985 to 2004.  
 
When the science and technology workforce of Texas is benchmarked against the other states, in 
both point-in-time and longitudinal comparisons, Texas’ ranking is sub par. Comparisons with 
other states reveal that Texas consistently ranks below leader states such as California, Colorado, 
Massachusetts, Virginia, and Maryland. In some comparisons, Texas ranks below peer states 
such as New York and Pennsylvania.   
 
Over the past 10 to 15 years, the Texas science and engineering workforce has developed very 
slowly, as has been the case with many other states. On one indicator, the number of science and 
engineering graduate students studying in Texas, the state has actually declined in per capita 
terms and now ranks below a peer state of Pennsylvania and further behind the leader, 
Massachusetts. While one ARP goal was to strengthen the state’s scientific and technological 
workforce, ARP funding has never been at a level which could alter macro workforce trends. 
The benchmarking analysis suggests that the workforce challenges faced by Texas today may be 
as formidable as when ARP was created.  
 
For program benchmarking a total of 23 basic science programs (11 state, 2 federal, and 10 
international) were identified that had some characteristics similar to ARP. A survey was sent to 
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each of these programs requesting information on program characteristics (funding levels, 
number of projects) and outcomes such as intellectual property produced and follow-on 
funding. Only one-third of the programs responded with outcome data despite repeated requests, 
and those that did provided limited information. Further, because of differences in program 
orientations and funding levels, the program benchmarking comparisons should be viewed 
cautiously. When compared to the small sample of other programs, results indicate that ARP’s 
follow-on research funding, as measured by a leverage ratio, is lower than ratios for five other 
states’ basic science programs. Compared to three international basic science programs and a 
subset of U.S. federal laboratories, ARP is generating superior outcomes. While ARP’s leverage 
ratio may not be as high as peer programs, ARP projects have brought in far more funding from 
outside sources than the State of Texas has expended. That hurdle is the first and most important 
outcome measurement standard.  
 
 
EDUCATIONAL AND SCIENTIFIC BENEFITS  
 
Approximately $120 million in specific economic benefits from ARP projects have resulted from 
adoption of a new process, improvement of an existing process, cost savings, cost avoidance, or 
improved existing technology. Many projects generated economic benefits which could not be 
quantified. In addition, PIs listed numerous other educational and scientific benefits. Specific 
examples of significant unquantifiable benefits illustrate the profound impacts ARP grants have 
caused: new bracing approaches for Texas bridges, gas hydrates as a potential source of methane, 
new research facilities at several universities, weather simulation advances, changes in medical 
procedures, enhancements of transgenic crops, fundamental water filtration techniques, and 
development of new, life-saving pharmacological treatments.     
 
 
POTENTIAL CHANGES AND MODIFICATIONS 
 
While no strong imperative exists for changing the ARP, the following potential modifications 
might be considered to enhance program benefits. With existing resources, a funding allocation 
that emphasizes support for researchers at the beginning of their careers might be considered. 
This would help establish their reputations, serve as another mechanism to attract faculty to 
public universities in Texas, and, over time, may increase the ARP’s leverage ratio of federal 
funding. If expanded resources become available for ARP, administrative recommendations 
include better tracking of students, detailed review of a sample of projects, and expansion of 
program eligibility to private universities. With additional resources, potential programmatic 
changes might include targeted funding for priority research areas, second stage awards, 
improvement of the leveraging ratio, and/or collaborative projects. 
 
One key challenge uniformly cited by senior university administrators is inadequate research 
funding. Increased ARP funding would begin to address that challenge. A larger Advanced 
Research Program would not address a second key priority of administrators—their preference 
for a balanced portfolio of research investments ranging from basic research through applied 
research and development. A balanced approach, over time, would culminate in more start-up 
companies selling products derived from university research. Further, a balanced portfolio would 
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enable public universities in Texas to perform more effectively their equally vital economic and 
public missions. 
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Chapter 1 – Introduction: Scope, Methodologies, Limitations 
 
HISTORY AND PURPOSE OF THE IMPACT ASSESSMENT 
 
In October 2002, the Texas Higher Education Coordinating Board (HECB), as required 
biennially by its enabling legislation, undertook an external expert evaluation of the Advanced 
Research Program (ARP) and Advanced Technology Program (ATP).5 One of the 
recommendations from that evaluation was to carry out a longitudinal study that more fully 
assessed the impact of those programs. 
 
Pursuant to that recommendation, as described in the 2003 Program Announcements for the ARP 
and ATP, the purpose of the impact assessment was to 
 

…carry out a longitudinal study of the impact of specific ARP/ATP funded 
projects to document long-term benefits and long-term impact of ARP/ATP 
funded research programs to both the educational and industrial enterprises in 
Texas.6 

 
An impact assessment of the ATP and Technology Development Fund (TDT) was completed in 
March 2005. This document is a companion to the prior analysis and assesses the ARP. The 
research has been funded through a grant from the Texas HECB. The ARP impact assessment 
began in fall 2005 and closely followed the procedures and approaches for the prior assessment 
of the ATP/TDT. The grantee was required to file a preliminary report by October 1, 2006, to 
present updates and progress reports to meetings of the Advisory Committee on Research 
Programs (ACORP) and the full Higher Education Coordinating Board, and to deliver a final 
report by December 1, 2006.  
 
 
RESEARCH DESIGN AND METHODOLOGY 
 
The ARP supports basic research at public higher education institutions in Texas. According to 
current Texas Administrative Code, the ARP  “…supports research designed to attract and retain 
the best students and researchers and to help provide the knowledge base needed for 
innovation.”7  
 
To determine the ARP’s progress in fulfilling its legislatively stated goals, a multi-step research 
procedure was developed to: (1) identify quantifiable economic impacts and other economic 
benefits that have resulted from the program to date; (2) assess the program’s ability to attract 
exceptional students to higher educational institutions, to educate the students, and to retain 

                                                 
5 See Advanced Research Program/Advanced Technology Program 2003 Program Announcements, page four. 
Quoted material appeared originally in Evaluation of the Advanced Research and Advanced Technology Programs: 
A Report of the Texas Higher Education Coordinating Board, Mildred Dresselhaus, C. Robert Hewes, and Jiri 
Jonas, January 2003. 
6 Ibid.  
7http://info.sos.state.tx.us/pls/pub/readtac$ext.TacPage?sl=R&app=9&p_dir=&p_rloc=&p_tloc=&p_ploc=&pg=1&
p_tac=&ti=19&pt=1&ch=14&rl=11 
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students as productive members of the state’s science and technology workforce; (3) determine 
how ARP’s economic impacts compare to similar basic research grant programs in other states 
and countries; (4) provide suggestions about potential changes to enhance future program 
performance; and (5) compile perspectives from senior administrators at research-oriented 
universities in Texas, as well as national research leaders and principal investigators of ARP 
projects,  about current and future research initiatives and the role, if any, of ARP in these 
initiatives. 
 
The impact assessment was based on an extensive set of primary and secondary information 
sources. Three major phases were undertaken to collect and analyze data for the 1,312 ARP 
projects funded (totaling approximately $161 million) in the biennial cycles from 1987-2001 
(i.e., 1987, 1989, 1991, 1993, 1995, 1997, 1999, 2001).8 
 
Phase I was comprised of two data collection efforts as follows. 
 

• Survey of Principal Investigators (PIs) 
An attempt was made to contact one PI from every ARP project awarded. PIs were 
contacted via e-mail and invited to complete a web-based survey to  share 
information about their project(s), project economic and educational impacts, as well 
as their opinions about the program in the future. 
 

• 21st Century Interviews 
Advice and counsel was sought from senior administrators at higher education 
institutions with large research expenditures, national research leaders, and 
technology licensing directors at Texas higher education institutions regarding  
current and future research priorities and initiatives, including the ARP.  
 

Initial data collection from the survey of principal investigators provided the basis for a 
quantitative assessment of ARP’s economic benefits. These data also provided information for 
later tasks of the assessment. 
 
Phase II included further quantitative as well as qualitative data collection which provided 
information regarding ARP’s impact on students and educational processes and the application 
of ARP-developed technologies both commercially and within the scientific community. 
 
Phase II was comprised of three main data collection efforts, as follows: 
 

• Survey of Graduate Student ARP Participants 
Based on contact information provided by PIs in the PI survey, 567 graduate students 
who had worked on ARP projects were contacted about: 
 

(1) Their decision to attend graduate school in Texas; 
(2) How their ARP project affected their graduate school experience; and 
(3) Their post-graduate school employment and location decisions. 

                                                 
8 No ARP awards were made in 2003, and a modified project cycle awarded $8.354 million in ARP grants in 2006. 
Therefore 2001 grant awards were the last group included in the assessment.  
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• Case Studies 

Using data provided by PIs in the PI survey, a sub-sample of projects were examined 
further with projects selected because of: 
 

(1) Large amounts of follow-on funding; 
(2) Intellectual property awarded; and/or 
(3) Interesting other economic benefits.9 

 
Case studies were prepared on 22 ARP projects which fulfilled one or more of these criteria. 
These case studies highlight specific applications from successful ARP projects and principal 
investigators’ experiences.  
 

• Commercial Activity 
Data were collected on all companies listed by PIs as being formed in whole, or in 
part, from ARP research. Interviews were conducted via e-mail or phone with the 
PI(s) of the projects and company representatives. Both quantitative and qualitative 
data were compiled to generate estimates of the companies’ market-based economic 
impacts.  

 
Phase III was devoted primarily to data verification and benchmarking analyses, as follows: 
 

• Data Verification 
Various methods were used to verify data and obtain more information about 
projects. Initially, any PI who listed follow-on funding data more than two standard 
deviations above the mean was contacted to verify project results. Additionally, a 
large number of PIs were contacted to provide information for the project case 
studies. During this process PIs were asked to confirm the quantitative values they 
listed on their survey. Finally, wherever possible, publicly available information was 
sought to confirm data provided by PIs and company executives regarding the 
impacts of commercial activity. 

 
• Benchmarking Analyses 

Two types of benchmarking were performed: workforce characteristics and basic 
science program outcomes. Characteristics of state science and technology 
workforces in Texas and select other states were benchmarked at specific times and 
longitudinally to determine the relative standings of states. Program outcomes from 
the Texas ARP were compared to basic research programs in other states and 
countries to examine relative program performances. Descriptive information was 
collected also from numerous basic science programs in other states and countries, 
although outcome data were unavailable. 

 
 
 
                                                 
9 Principal investigators were asked, “Please cite specific economic, educational, and scientific benefits (for the 
State of Texas, your university, or your scientific field) that have resulted from your ARP project.” 
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DATA COLLECTION LIMITATIONS 
 
Data collection relied primarily on a survey and interviews with principal investigators, a survey 
of graduate students, publicly available information, interviews with knowledgeable individuals 
such as company officials, and review of PI reports submitted to the HECB. Due to time, data 
access, and resource constraints, as well as the goals of the study, no requests could be made for 
administrative and financial records from university, technology licensing, or university research 
offices. As noted above, a series of steps, including systematic identification and reconfirmation 
of outlying data, was performed to verify values.  
 
While it is possible that unreliable data have been incorporated into the impact results, such 
errors are highly unlikely for several reasons. Interviewees had little or no incentive to 
exaggerate economic outcomes or to evaluate optimistically the ARP in qualitative responses--all 
interviewees were clearly told that the impact assessment was not associated with any grant 
award decisions and that their data would be used in aggregate, rather than individually 
attributed to their projects.10 Principal investigators, corporate partners, venture capitalists, and 
other knowledgeable individuals interviewed were also informed that their anonymity would be 
protected and any comments included in the report would be formulated en masse and not 
attributed to individuals without their expressly granted permission.  
 
Moreover, if incorrect impact values have been included in these quantitative data, it is 
extremely unlikely that these errors would overestimate economic value. A large number of 
interpretive decisions were necessary throughout the impact assessment. For instance, it was 
necessary in some cases to determine the proportion of economic outcomes which could be 
reasonably allocated to an ARP project when there had been additional funding after, or 
simultaneously with, ARP project funding. Staff members have consistently maintained an 
objective approach to these estimates, and when doubt arose, interpretive decisions were 
deliberately conservative to avoid aggressively estimating economic value. 
 
Projection methods also have the potential for allowing inaccuracies, and once again, if any 
inaccuracies exist, the bias will be toward more conservative values. For instance, because not all 
PIs responded to the survey, it was necessary to project the values obtained from the sample data 
to the total population, or universe, of ARP projects. Principal investigators who responded to all 
or some of the PI survey comprised approximately 56.78% of all ARP projects.11 However, most 
PIs did not respond to all questions on the survey, and some questions have much smaller 
response rates than the overall survey response rate. Because data are projected based on the 
overall survey response rate, each skipped question was interpreted to be zero unless there was 
persuasive evidence to the contrary. For example, not all respondents listed a value for the 
number of students who worked on their ARP grant(s). If nothing was entered for this question, 
but some portion of the survey was completed, it was assumed that the PI had no students 

                                                 
10 PIs interviewed for case studies were aware that their information would be individually attributed; however, 
these PIs had already supplied quantitative data on economic impact through an online survey and these numbers 
were merely verified in subsequent interviews. 
11 PIs who had received multiple ARP grants were asked to respond only about their first two projects. Each of these 
respondents, therefore, represented two ARP projects. Assessment staff felt these data were valid because the large 
majority (96%) of PIs who received multiple ARP grants received exactly two awards. 
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working on his/her project. If only the response rate for individual questions had been used to 
project economic value to the population, the projection factors would have been significantly 
higher.12 In summary, if the assessment data are skewed in any way, the estimates are too 
conservative, rather than too aggressive. 
 
 
REPORT OVERVIEW AND ORGANIZATION 
 
This report has been prepared for different audiences using a “triage format.” Readers seeking 
only the key findings and recommendations of the impact assessment will find those in the 
executive summary. For readers wishing additional elaboration, detailed materials are presented 
in individual chapters with highlights of the chapter presented at the beginning. Specialized 
materials are included in footnotes and appendices. Technical language has been avoided to the 
extent possible, and charts and graphics have been prepared to illustrate some of the key findings 
of this review. 
 
Data are presented in nine chapters in the following organization. 
 
Chapter 2 presents data from the survey of principal investigators, including information 
regarding quantifiable economic impacts, educational impacts and benefits, and PI opinions 
regarding the ARP and research programs more generally.  
 
Chapter 3 discusses data collected from the survey of graduate students who worked on ARP 
projects. This section provides summary information about graduate school decisions, ARP 
project experiences, and post-graduation employment and location decisions. 
 
Chapter 4 analyzes economic impacts of ARP on graduate students and the State of Texas from 
data provided by PIs and graduate students. 
 
Chapter 5 presents perspectives from senior university administrators, national research leaders, 
ARP PIs, and technology licensing officers about their current research challenges, priorities, 
and preferred, future research programs.  
 
Chapter 6 contains 22 case studies on successful ARP projects. The cases highlight how ARP 
research technology is being applied commercially and within the scientific community as well 
as lessons learned about the potential of ARP funding. 
 
Chapter 7 provides quantifiable estimates of economic activities by companies formed from ARP 
research. Qualitative information about the history and progress of these companies also is 
provided. 
 

                                                 
12 The one exception to this procedure involved follow-on funding. Further data-gathering determined that PIs were 
not reporting all of their research funds in their survey responses, and therefore, the projection process and missing 
values were adjusted slightly differently.   
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Chapter 8 includes the benchmarking analysis of the Texas state workforce, the benchmarking 
analysis of ARP outcomes with those of other basic research programs, and descriptions of basic 
science programs in other states and countries. 
 
Chapter 9 contains specific examples of significant, unquantifiable educational and scientific 
benefits which have resulted from ARP grants.   
 
Chapter 10 identifies potential changes to ARP for consideration by advisory, administrative, and 
elected officials to enhance future ARP performance.  
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Chapter 2 – Findings from the Principal Investigator Survey 
 
INTRODUCTION 
 
The primary method of data collection for the impact assessment of the Advanced Research 
Program (ARP) was a survey of all principal investigators (PIs) of ARP grants from 1987-2001. 
Analysis of the survey data revealed significant information about the ARP’s impact on Texas’ 
economic and educational endeavors. 
 
 
SURVEY SAMPLE 
 
A total of 1,312 ARP grants were awarded between 1987 and 2001 to 1,061 PIs. Two hundred 
forty-two PIs received more than one grant during this time period and 70 of these projects had 
more than one PI. Of the 1,061 PIs in the total population (or universe) receiving ARP grants, 
947 were included in our sample. The remaining 114 were not included for one of two reasons: 
(1) no e-mail address was available, or (2) they had been a PI on a project with multiple PIs, and 
another PI from that project was contacted. Of the 947, a further 59 could not be contacted for a 
variety of reasons including death, retirement, or a move out of the country. The total number of 
PIs who received e-mail invitations to complete the survey was 888. Of those PIs, 631 completed 
all or part of the survey for a response rate of 71.06%. However, 26 of these responses were 
categorized as “blank” because PIs had failed to complete any information beyond their name, 
contact information, and project field. Disregarding these responses, the overall response rate 
was 68.17% which can be seen in the chart below.13 

 
Table 2.1 Response Rates 

 
Response Rates 

PIs  with Single Projects 69.42% 
PIs  with Multiple Projects 64.38% 
TOTAL 68.17% 

 
 
PIs were asked to enter the research field of each of their first two projects. These data were then 
compared to the population data supplied by the Texas Higher Education Coordinating Board 
(HECB), which listed the proportion of awards for each project field. Initial data screening 
indicated that the sample data was not representative of the population on the basis of expected 
distribution among 20 project fields.14 Further probing revealed that numerous PIs had 
misclassified the official research field of their award in their survey response. After these errors 

                                                 
13 Each PI who had received multiple ARP grants was asked to list data for their first two projects. The 141 
respondents to the multiple PI survey, therefore, were responding for 282 projects. The total number of projects 
represented by the data was 745, making the response rate by project 56.78%. 
14 The 22 possible fields in which an ARP grant could be awarded were narrowed to 20 fields by consolidating areas 
49 and 19 which are both Material Science, and area 61 (Social Sciences) with 24 (Social and Behavioral Sciences). 
A chi-square test then was conducted and revealed that survey responses were widely unrepresentative of all 
projects.  
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were corrected, additional analysis was performed on a more general grouping of 10 closely 
related fields.15 The results were still marginally unrepresentative.16 Figure 2.1 displays the 
difference between expected and observed proportions of projects by the 10 consolidated fields. 
The largest discrepancies are the overrepresentation of projects in Biological Sciences and the 
underrepresentation of projects in Computer and Information Sciences. 
 
 

Figure 2.1 Project Field Distribution 
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To determine if the project field sample results would skew data projections, an analysis was 
conducted of quantitative intellectual property and follow-on funding data by discipline. Based 
on the 20 unconsolidated project fields, three fields were significantly overrepresented and one 
was underrepresented compared to population data. The overrepresented fields were Biological 
Sciences – Molecular Biology and Genetics, Biological Sciences – All Other, and Engineering 
Electrical and Electronics. The underrepresented field was Physics and Astronomy. 
 

                                                 
15 Astronomy, Physics, Physics and Astronomy, and Atmospheric Science were consolidated into one category. 
Biological/Behavioral Sciences, Biological Sciences, Biological Sciences – Molecular Biology and Genetics, and 
Biological Sciences – All Other were combined into one category. Computer Sciences and Computer and 
Information Sciences were combined into one category. Engineering, Engineering – Electrical and Electronics, and 
Engineering – All Other were combined into one category. Finally, Marine Sciences and Oceanography were 
combined into one category, yielding a total of 10 consolidated fields. 
16 An additional chi-square test was conducted on the 10 fields with the corrected data. The resulting chi-square test 
statistic was 19.09 and the critical value was 16.92 (df=9; p=0.05). Representation by field was therefore rejected 
with 95% confidence. 
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The intellectual property and follow-on funding data for both Biological Sciences fields were 
very close to average on all indicators.17 Those data points which were above the mean were 
within one standard deviation of the value. The Engineering project field contained four 
intellectual property data points that were greater than two standard deviations above the mean, 
and one that was between one and two standard deviations above the mean. This has the 
potential to slightly skew the intellectual property results aggressively when values are projected 
from the sample to population. The Physics and Astronomy field, which was underrepresented in 
the sample data, is consistently below the mean on most intellectual property and follow-on 
funding indicators. It is possible that this will also slightly skew the intellectual property results 
aggressively. 
 
When the fields are consolidated into the ten closely related subjects, which were previously 
discussed, the primary discrepancy between sample and population data is the overrepresentation 
of projects in the Biological Sciences and an underrepresentation of those in Computer Science 
fields. The Biological Sciences data conform to the mean on all indicators. The Computer 
Sciences field lists greater amounts of two components of intellectual property with a deviation 
greater than two standard deviations above the mean for both. Since this field is 
underrepresented, however, this would only skew the data conservatively. 
 
Overall, because the data represent such a large portion of population of projects and because the 
discrepancies between sample and population data are minor, it was determined that survey data 
are sufficiently reliable for projections to all ARP projects.   
 
 
SURVEY DESIGN AND METHODOLOGY 
 
The PI survey was designed to obtain information on the educational, research, and economic 
impacts of ARP grants.18 Potential benefits to education which were evaluated included student 
employment, attraction of outstanding students and faculty, and student skill acquisition. 
Economic impacts evaluated included commercialization success, influences on the Texas 
workforce, and cost reductions that may have resulted from ARP projects. The survey consisted 
of a combination of multiple choice and open-ended questions.19 PIs did not have to complete 
any specified number of questions to complete the survey. Any survey not classified as blank, as 
described above, was considered complete and included in the response rate calculations.  
 
Each PI was sent an e-mail describing the impact assessment and requesting their participation in 
completing a survey through a hyperlink within the e-mail message.20 The survey links were 
individualized to determine if a PI had responded. PIs also were assured of the confidentiality of 
his or her response and that it was in no way related to any current or future HECB award 
decisions. Approximately two weeks after the first e-mail was sent, a reminder e-mail was sent to 

                                                 
17 Averages and standard deviations were computed from survey results. 
18 The full text of the survey can be found in appendix A. 
19 In general questions paralleled those asked of PIs of Advanced Research Program and Technology Development 
and Transfer projects in a prior assessment. That survey was completed by 683 principal investigators in 2004.  
20 See appendix B for the full text of the e-mail. 
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all PIs who had yet to complete a survey.21 Over the next four weeks, one additional e-mail was 
sent to PIs requesting their participation in the survey. 
 
The surveys for multiple award recipients and single award recipients were nearly identical, with 
the multiple survey having 26 questions and the single having 25. The additional question on the 
multiple award recipient survey asked the PI to identify if he or she had completed two, or three 
or more ARP projects. Questions on the survey instrument for PIs with multiple ARP grants 
asked them to list the quantitative amounts for their first two projects combined. Data on any 
subsequent projects were not included.22  
 
The data were screened and preliminarily analyzed on a continuous basis as received. There were 
no apparent inconsistencies in any of the preliminary responses, though PIs did not respond to 
some questions on almost all surveys. Respondents who did not answer any questions beyond 
their contact information and project field were removed from the analysis, including the project 
field distribution data. The potential for the omissions of individual questions to skew the data 
was carefully taken into account in the final analysis. Additionally, an attempt was made to 
contact 33 PIs who listed quantitative data two standard deviations or more above the sample 
mean to verify these estimates. These data were verified via e-mail for 28 PIs. 
 
 
MAJOR SURVEY FINDINGS 
 
Summary 
 
The ARP survey contained three primary components: questions regarding educational impacts, 
questions regarding economic and research impacts, and other issues. Each type of impact is 
summarized below and then addressed in detail in a following section. 
 
 

Educational Impacts - PIs overwhelmingly indicated that the Advanced Research 
Program (ARP) has been successful in improving the quality of Texas higher education. 
Between 4,829 and 11,944 students (undergraduate, graduate, doctoral, and post-
doctoral) received education and training through their participation on ARP projects. PIs 
said this training enabled students to develop skills and competencies that would not have 
been developed had it not been for their research experience.23 Of these students, between 
1,435 and 1,478 graduate and undergraduate students were able to obtain full-time 
employment in Texas for at least six months after graduation as a result of the training 
they received on an ARP research project. 

 

                                                 
21 See appendix B for the full text of reminder e-mails. 
22 The rationale for this approach was to entice a higher number of responses from PIs with multiple awards. Based 
on experiences with the ATP survey, it was clear that PIs with multiple projects responded at a lower rate because 
their reporting burden surpassed that of PIs with a single award.  
23 This question asked respondents to list a range of the number of students who had worked on their ARP project, 
so estimated numbers yielded a broad range. The text of the question can be found in appendix A, question 5. 
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Additionally, the large majority (more than 80%) of PIs agreed that the ARP was 
important to attracting outstanding graduate students and faculty to Texas universities. 
Most PIs (90%) responded that the most important product of the ARP is educated 
students and ninety-six percent (96%) agreed that the ARP is successful in preparing 
students for their careers and futures.  

 
Economic Impacts - The return on Texas’ investment in the ARP has been substantial. 
Over the 14 years investigated by this assessment, Texas has invested $161.4 million in 
funding ARP grants. As a result of these funds, approximately $484.2 million in follow-
on research funding and licensing revenues have been received by Texas’ higher 
education institutions. A large majority (82%) of PIs agreed that the ARP enabled them 
to obtain additional follow-on research funding that they would not have been able to 
obtain otherwise. 
 
Additionally, an estimated total of $120 million in cost savings have resulted from new 
technologies or improvements to existing technologies. Eleven companies have been 
formed, nine of which are or were located in Texas, and six of these are still active. One 
out-of-state company is also still active. Further, significant intellectual property has been 
created as a result of these projects. Roughly 113 patents have been granted, an estimated 
90 copyrights have been registered, and approximately 65 licenses have been granted. An 
estimated $2.35 million in licensing revenues have been generated for Texas universities. 
 
Commercialization of ARP research technologies, however, is low, with only 3.5% of 
projects having entered commercialization stages at the time of the survey. Likewise, 
fewer than 21% of PIs agreed that they had reason to believe that any intellectual 
property developed from their ARP project would be licensed in the future.24 

 
Other Issues - One component of the ARP assessment was oriented to current research 
challenges and priorities for future research program funding. PIs were one of four 
groups that provided information about these research issues. PIs were asked their 
opinions on Texas research grant programs, including how they would characterize an 
ideal research grant portfolio in the state. Additionally, they were asked if ARP should be 
an element of a future research grant system. PIs were strongly supportive of basic 
research initiatives and many indicated that Texas needed to increase the funding for 
programs like the ARP.  

 
Below are select highlights of the survey results. Some of the following results list both the 
actual number derived from survey results and a projection to the population of ARP grants. The 
actual numbers are only those listed by PIs in their survey responses. Since only 56.78% of 
projects were represented by survey responses, these are not the total values for all ARP projects. 
With the assumption that the sample data is representative of the population of ARP grants, it is 
possible to project the survey findings to all 1,312 projects completed since 1987. The 
mathematical calculation is fairly simple. The actual value obtained from the survey data is 

                                                 
24 ARP provides resources for basic research that typically must be developed further through later stage funding 
before commercialization is possible. Therefore, these results are not unexpected.  
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multiplied by a factor of 1.761 (1/0.5678). For example, survey respondents listed a total of 146 
inventions disclosed as a result of ARP grants. Based on the survey responses, an estimated total 
of 257 (146 x 1.761) inventions resulted from all ARP grants. 
 
 
ARP’S POSITIVE EDUCATIONAL IMPACTS  
 
The Advanced Research Program has benefited Texas education by employing a minimum of 
approximately 4 (3.8) and a maximum of slightly fewer than 10 (9.7) students per project. The 
ARP has also benefited students by enabling between 1,435 and 1,478 students to find jobs in 
Texas related to their ARP research, increasing the skill competencies of Texas students, and 
attracting exceptional students and faculty to Texas educational facilities. Additional information 
regarding the ARP impact on students was evaluated through a survey sent to graduate students 
who have worked on an ARP grant. The data from that graduate student survey are discussed in 
chapter 3 of this report.  
 
 
Number of Students25 
 
Survey data indicate that a large number of students have benefited from the ARP. Students who 
worked on ARP projects received financial assistance, and education and training working on 
research projects at the frontiers of their field.  
 

 
Table 2.2 Number of Students 

 
• Between 562 and 1,580 post-doctoral students have worked on ARP grants. 
• Between 1,592 and 4,016 doctoral students have worked on ARP grants. 
• Between 1,101 and 2,718 masters students have worked on ARP grants. 
• Between 1,574 and 3,631 undergraduate students have worked on ARP grants. 
• A total of 4,829 to 11,944 students were educated through their work on an ARP grant.26 

 
 
Many students were able to capitalize on the skills they acquired working on ARP projects to 
obtain employment in Texas after graduation.27  
 
 
 
 
 
 

                                                 
25 Projected to population using factor of 1.761. 
26 The ranges of these values are the result of the format of this question discussed in footnote 22. 
27 Those estimates are provided in detail in chapter 4.  
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The ARP Program is Important to Attracting Students and Faculty to Universities 
 
Results from two questions indicate that PIs believe that ARP support is important to attracting 
outstanding graduate students and faculty to their universities. Forty-four percent of PIs thought 
that the ARP was “Very Important” to attracting outstanding graduate students to their 
universities (Figure 2.2) and thirty-six (36%) said that the program was “Very Important” to 
attracting outstanding faculty (Figure 2.3).  
 
Principal investigators were asked: 
 
Please indicate how important you find the following statements. 

 
How important is the ARP grant program in attracting outstanding graduate students to your 
institution? 
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Figure 2.2 How important is the ARP grant program in attracting outstanding graduate 
students  to your institution?

(N = 460)
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How important is the ARP grant program in attracting outstanding faculty to your institution? 
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Figure 2.3  How important is the ARP grant program in attracting outstanding faculty  to your 
institution?
(N = 455)
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The ARP is Important to Educating Students in Texas 
 
PI survey responses indicate that they feel that an important outcome of the ARP is educating 
students in Texas. Ninety percent agree that the most important product of the ARP is educated 
students. (Please see Figure 2.4.) Approximately the same proportion of PIs agrees that ARP 
significantly contributes to producing students who are adequately trained for their career and 
future. (Please see Figure 2.5.) 
 
Principal investigators were asked to indicate if they agreed or disagreed with the following 
statements. 

 
Educated students are the most important product of the ARP program. 
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Figure 2.4 Educated students are the most important product of the ARP program 
(N = 456)
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ARP projects contribute significantly to producing graduates properly trained for their intended 
job markets and future career tracks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Students Acquired Numerous Skills from Their ARP Experience 
 
PIs were asked to list any marketable skills that their students had developed or acquired from 
their ARP research experiences. The list varied widely and included both general and specific 
skills. A total of 203 unique, closely related, general skills were listed, including research skills 
and methodology, interview skills, and analytical skills. An additional 315 unique specific skills 
were listed including x-ray diffraction, techniques for polymer synthesis, and semiconductor 
manufacturing knowledge. These are identified in appendix E.  
 
 
ARP HAS EFFECTED POSITIVE ECONOMIC IMPACTS, DESPITE LIMITED 
COMMERCIALIZATION OUTCOMES 
 
PIs reported that ARP grants resulted in specific economic benefits including development of 
intellectual property and cost reductions. However, only 3.5% of research projects have begun 
the commercialization stage.  
 
 
Commercialization Stages 
 
PIs indicated that the large majority of ARP projects (72%) would not result in 
commercialization. (Please see Table 2.3.) Fewer than four percent (3.5%) of projects have 
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Figure 2.5 ARP projects contribute significantly to producing graduates properly trained for 
their intended job markets and future career tracks. 

(N = 455)
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entered commercialization and an additional 10% of projects are at two earlier 
commercialization stages.  
 
Principal investigators were asked, 
 
At what stage of the technology or product development cycle is your project?28 

 
Table 2.3 Commercialization Stages 
 

No product development is anticipated   71.64% 
Two or more years of additional R&D are required  14.55% 
A satisfactory prototype process has been developed    7.92% 
Serious planning for commercialization is underway    2.39% 
Commercialization has begun       3.50% 

 
 
Intellectual Property 
 
Intellectual property has been developed from ARP projects. A projected 113 patents have been 
issued, 90 copyrights registered, and 65 licenses granted. Additionally, a projected $2.4 million 
in licensing revenues has been received by Texas universities. 
 

Table 2.4 Intellectual Property 
 

          Actual Number All Projects 
Inventions Disclosed                 146        257 
Patents filed                  104        183 
Patents issued                   64        113 
Copyrights registered                  51          90 
Licenses granted, total                 37          65 
Number of licenses returning royalty or non- 

royalty payments                 15          26  
Total amount (dollars) of license gross revenue  

(total royalty and non-royalty payments)        $1.3 million         $2.4 million 
earned by project to date 

 
 
Additional Research Funding 
 
The single largest type of economic impact has been the leveraging of additional research 
funding, principally from federal government departments. An estimated $481.9 million in 
follow-on research funding has been secured as a result of ARP funds. This alone is 
approximately three times the $161 million investment that has been made in the program since 
its inception. 
                                                 
28 Note that these data are by project, rather than by PI, for up to two projects for PIs with multiple awards.  
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Table 2.5 Additional Research Funding 
 

          Actual Number All Projects 
  

Follow-on federal research funding     $218.6 million $385.0 million 
Follow-on industrial research funding      $19.8 million   $34.8 million 

 Follow-on research funding from state, 
  foundation, or international sources      $35.3 million   $62.1 million 
 
 Total follow-on research funding (all sources) $273.6 million $481.9 million 
 
 
Funding, Intellectual Property, and Commercialization 
 
The large majority of principal investigators (82%) agree that their ARP award enabled them to 
secure additional funding which they would not have been able to receive otherwise. (Please see 
Figure 2.6.) Only 21 percent of PIs, however, agreed that intellectual property from their project 
would be licensed in the future. This result is consistent with previously discussed data which 
estimate only a small percentage of projects reach commercialization stages. (Please see Figure 
2.7.)   
 
Principal investigators were asked to indicate if they agreed or disagreed with the following 
statements. 

 
The ARP award enabled me to secure additional federal foundation or industrial funding which I 
would not have obtained otherwise. 
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Figure 2.6 The ARP award enabled me to secure additional federal foundation or industrial 
funding which I would not have obtained otherwise.

(N = 457)
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I have reason to expect that rights to the intellectual property developed as a result of my ARP 
project will be licensed in the future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
As a result of the funding received under the Advanced Research Program the commercialization 
of technology was accelerated. 
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Figure 2.8  As a result of the funding received under the Advanced Research Program the 
commercialization of technology was accelerated. 

(N = 422)
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Figure 2.7  I have reason to expect that rights to the intellectual property developed as a result 
of my ARP project will be licensed in the future.
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Benefits to Companies 
 
Slightly fewer than one-quarter of respondents (22.7%) indicated that their project led to the 
adoption of a new process or improvement of an existing process, produced cost savings or cost 
avoidance, or improved an existing product. The large majority of these PIs were unable to 
estimate the value of the benefit, but those who were able, estimated a total worth of $68.3 
million. This yields a projected value of approximately $120 million for the universe of ARP 
projects. This number should be viewed somewhat cautiously, however, as there were few data 
points to support the estimate. 
 
 
NUMEROUS QUALITATIVE BENEFITS HAVE RESULTED FROM ARP GRANTS 
 
PIs were asked to identify other benefits that had resulted from their research projects. 
 
In response to the question, “Please cite specific economic, educational, and scientific benefits 
(for the State of Texas, your university, or your scientific field) that have resulted from your 
ARP project(s),” the most commonly cited benefits included: 
 

• Training students for future careers; 
• Publishing of peer-reviewed papers; 
• Enhanced reputation of their universities; 
• Recruiting top students and faculty; 
• A better understanding of field of study; 
• Development of intellectual property; 
• Ability to act as seed money for laboratories; and 
• Acted as aid in securing additional funds.  

 
The collection of these responses was used in two capacities: to gain a better understanding of 
the full range of unquantifiable benefits resulting from ARP projects, and as one component in 
identifying particularly successful or interesting projects which are highlighted in the case 
studies appearing in chapter 6 of the assessment. 
 
 
PI COMMENTS ON RESEARCH PROGRAMS AND STATE RESEARCH 
STRATEGIES 
 
The final portion of the survey asked principal investigators three questions regarding their 
opinions about current research challenges, current research programs, and future research 
programs. The questions were as follows: 
 

1. What are the major gaps or missing funding links in these programs, if any, that need to 
be addressed? 

2. Ideally, what research programs should the State of Texas aspire to have in the next ten 
years? 



Chapter 2 – Findings from the Principal Investigator Survey 

 21

3. In the coming years, should an ARP-type program (pre-prototype, early-stage basic 
research) continue to be part of a multi-program menu? If so, how would it best fit within 
this spectrum of research support? 

 
Data from these open-ended questions were categorized into groups of common responses:  
 

• Two current challenges cited frequently were the need to provide resources for more 
basic or risky research and low research funding levels in general. 

• Principal investigators’ preferred portfolio of research programs was (1) funding for more 
projects in specified research areas, including current eligible research fields, new 
research fields, and some fields no longer eligible for funding; (2) funding more basic or 
high-risk research; and (3) elevated funding for current programs.  

• Approximately 85% of principal investigators support continued or enhanced basic 
research, with the three most commonly cited reasons being: (1) basic research is the 
foundation for later applied research; (2) basic research funds are critical in providing 
seed funding for federal grants and for new researchers; and (3) basic research was 
important because of its role in training students and attracting/retaining strong faculty.29 

 
 
 
 

                                                 
29 More detailed results from the open ended questions on the PI survey are provided in chapter 5, section 5.4. 
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Chapter 3 – Findings from the Graduate Student Survey 
 
 
INTRODUCTION 
 
One of the primary goals of the Advanced Research Program (ARP) is to attract and retain 
outstanding students and to educate them to be quality scientists and engineers within Texas.  
The ARP’s success in achieving these goals was partially assessed earlier in this report with data 
from principal investigators (PIs) of ARP projects. In this chapter, these goals are addressed with 
additional data provided by graduate student participants in ARP projects during the period 
1987-2001. Results from the survey of graduate students are presented below.  
 
 
SURVEY GOALS AND OBJECTIVES 
 
Data collection through the ARP graduate student survey sought to identify the impact of ARP 
research grants and projects on the qualifications, skills, and future career decisions of graduate 
students in the State of Texas. More specifically, the survey was designed to evaluate the 
influence, if any, of ARP projects on: 
 

• Graduate students’ decisions to attend specific graduate programs at public 
universities in the State of Texas; 

• Students’ education, experience, and improvement in their skill sets; 
• Occupational decisions of graduate students after matriculation; and 
• Graduate students’ location decisions after completion of their graduate education; 

that is, their decision to remain in Texas or relocate elsewhere. 
 
 
SURVEY SAMPLE 
 
ARP graduate student contacts were obtained through two methods. First, data were collected 
from the sample of 604 ARP principal investigators (PIs) who completed the PI survey. Data 
were also obtained through Texas Higher Education Coordinating Board (HECB) records of 
ARP student participants. PI responses contained a total of 774 student contacts, with 489 having 
e-mail addresses. The HECB list contained 899 student names, but contained no student contact 
information.30 Multiple attempts were made to obtain additional or accurate contact information 
for student participants listed in both sources. Requests were sent to various state universities and 
institutions for contact information for ARP students listed by the HECB, yielding a total of 148 
e-mail addresses. In total, 628 individual student contacts with corresponding e-mail addresses 
were obtained. 
 
Each student was sent an e-mail inviting them to complete an online survey hosted on a 
commercial website.31 Of these, 567 students were contacted, with the remaining having invalid 

                                                 
30 No student information was available for half of the funding cycles: 1987, 1989, 1991, and 1995.  
31 SurveyMonkey.com.   
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e-mail addresses. A total of 279 students completed all or a portion of their survey. Of these, two 
respondents were deleted because their survey was classified as “blank.”32 The overall response 
rate for the graduate student survey was 48.68%. 
 
 
SURVEY DESIGN AND METHODOLOGY 
 
Each graduate student received an e-mailed letter of introduction to the study, shown in appendix 
A, and a hyperlink embedded within the letter to the survey. Survey links were individualized to 
provide mechanisms for tracking respondents. Students who did not complete a survey received 
two additional reminder messages over several weeks following their initial contact. The 
complete survey document can be found in appendix B. The survey was designed to take 
approximately 10 minutes to complete and had 19 questions. 

 
 

MAJOR SURVEY FINDINGS 
 
Summary 
 
The ARP graduate student survey was comprised of three primary components: questions 
regarding the respondent’s choice of a graduate program, questions regarding the respondent’s 
graduate school ARP experiences, and questions regarding the respondent’s post-graduate 
decisions and experiences. Detailed descriptions of survey results are included on subsequent 
pages. 
 
Pre-Graduate School 
 
In choosing a graduate program at Texas public universities, students indicated the most 
important factors impacting their decision were a university’s reputation for research in an area 
of interest, a desire to work with a particular professor at a university, and/or the university 
offering the student substantial financial assistance. These factors are indirectly enhanced by the 
ARP, as increased research funding can increase a university’s reputation, enhance the research 
credibility of professors, and allow students to be supported during their graduate education.  
 
Factors not reported to have impacted graduate program decisions include the student’s family 
being from Texas, personal relationships (a significant other living in the area at the time of the 
decision), and the student being from Texas and wishing to remain in Texas before or after 
obtaining his/her graduate degree. A majority (approximately 63%) of survey respondents were 
not residents of Texas prior to graduate school matriculation. (Please see Figure 3.1.) 
 
Graduate School 
 
A majority of students viewed their ARP involvement as on-the-job practical training and 
primarily an educational experience. Additionally, a majority of students said their ARP project 
                                                 
32 As was the case with the survey of principal investigators (PIs), a survey was classified as “blank” if no data were 
listed beyond the initial contact information. 
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work was more important to them than most of their classroom education, a great enhancement 
of their learning and overall education, and made them a more attractive candidate to potential 
employers. Roughly the same percentage of students agreed as disagreed that the ARP program 
had a direct impact on their current field of employment. 
 
Post-Graduate School 
 
More than 4 in 10 (44%) of students who came from outside of Texas to attend graduate school 
stayed in Texas immediately after graduation. (Please see Table 3.1.) Seventy percent of Texas 
residents stayed in Texas immediately after completing their graduate degrees. At the time of the 
survey, the proportion of out-of-state students living in Texas had declined from 44% to 32%. 
Likewise, at the time of this survey the proportion of in-state students living in Texas declined as 
well, from 70% to 56%.  
 
 

Table 3.1 Pre-Matriculation Location 
 

 

 
Out-of-State 

N=170 

 
Texas Residents 

N=99 
 
Location Immediately After Graduate 
School     
Texas 44% 70% 
Elsewhere in US 43% 22% 
Out of Country 13% 8% 
No Response 1% 0% 
 
 
Location at Time of Survey     
Texas 32% 56% 
Elsewhere in U.S. 52% 35% 
Out of Country 16% 8% 
No Response 1% 1% 

 
 
Students who remained in Texas after completing their graduate program were asked to indicate 
the importance of several factors in their decision making. The most common response was that 
the student remained because of having been hired by a Texas employer, although most students 
indicated they would have moved to any location where their employer had been located. Also, 
26% of respondents indicated that their desire to continue to work with either the professor or 
ARP industrial partner with whom they had worked was the most important factor in their 
decision to remain in Texas.  
 
The majority of survey respondents were either employed by an academic organization (45%), a 
commercial organization (34%), or still enrolled as a student (10%). At the time of the survey, 
the majority (63%) were also currently working in the same field as their ARP project. The 
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majority (72%) of all survey respondents indicated their current employers had not been 
involved in the Advanced Research Program. 

 
A majority of respondents (67%) were unable to estimate the increase in their value to employers 
because of their ARP experience. Of the 59 students able to estimate the increase in his/her value 
to potential employers, 30% expected the higher salary to continue throughout their careers, 
while 60% expected the higher salary to continue for five years or less. Of those able to estimate 
the increase in his/her value to potential employers, the most common response was an increase 
in value of $10,000 per year. 
 
 
DETAILED FINDINGS FROM THE GRADUATE STUDENT SURVEY 
 
Pre-Graduate School 

 
Students were asked, 
 
At the time you were considering graduate programs, were you a resident of Texas? 
 
The majority of survey respondents were not residents of the state of Texas at the time of 
matriculation. 
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Figure 3.1  At the time you were considering graduate programs were you a resident 
of Texas?
(N = 269)
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Students were asked, 
 
We list several factors that you may have considered when you chose a graduate program at a 
public university in Texas.  Using the scale we provide, please tell us how important each of 
these factors was in making your choice of universities. 
 
The question was designed in two parts because of the number of possible answers.33 The 
following two figures, 3.2-A and 3.2-B, display the results to this question. In choosing a 
graduate program at Texas public universities, students indicate the most important factors 
impacting their decision were a university’s reputation for research in an area of interest, a desire 
to work with a particular professor at a university, and/or the university offering the student 
substantial financial assistance. Factors reported not to have impacted graduate program 
decisions include the student’s family being from Texas, a significant other living in the area at 
the time of the decision, and/or the student being from Texas and wishing to remain in Texas 
before or after obtaining his/her graduate degree. 
 
 

Figure 3.2-A  Using the scale we provide, please tell us how important each of these factors was in 
making your choice of universities.
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33 See appendix C. 

(N = 264)
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Figure 3.2-B  Using the scale we provide, please tell us how important each of these factors was in 
making your choice of universities.
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In the following open-ended question, students were asked, 
 
Of all the factors that you considered when you chose a graduate program, which was most 
important?34 
 
Examples of responses include: 

• “Working with a particular professor.” 
• “Quality research project under a top ranked professor at a top ranked university.” 
• “The institution provided good financial aid and conducted reputable research.” 
• “The department and the faculty fit my needs and goals.  The department was able to 

offer me the financial assistance that I needed in order to attend school in Texas since I 
was from out of state.” 

• “I was guaranteed a TA'ship for the duration of my degree.  So, financial help was the 
main consideration.” 

• “The particular professor I wanted to work with was definitely the most important 
criteria.” 

 

                                                 
34 The complete list of responses appears in appendix E. 

(N = 264)
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• “There was not just one factor...three factors/questions were equally influential or 
important to me... (note the following numerical order is arbitrary...all were equal!) 1) 
Was the stipend enough to negate any financial stress while in a 5 year PhD program? 2) 
Does the institution under consideration have at least one faculty member/PI in my area 
of interest that is of high quality and is respected throughout the scientific community? 3) 
What is the perception of the Department and/or University in the scientific community?”    

• “The particular research program (i.e., the one the ARP was funding) that my supervisor 
was working on.” 

• “This university offered me substantial financial assistance.” 
• “Strength of reputation of the department/university. Strength of reputation and 

personality of advisor. Ability to fund graduate research.” 
• “This university was well known for the area of research in which I wanted to study.” 
• “Financial assistance.” 
• “The reputation of the professor and the program.” 
• “It was a combination of factors that did it. No one reason was sufficient by itself.” 
• “Quality of faculty research programs.” 
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Graduate School and ARP Project Experiences 
 
Over two-thirds (69%) of graduate students either agreed or strongly agreed that they view their 
ARP project work as on-the-job practical training. (Please see Figure 3.3.) 

 
Students were asked to respond to a series of statements with the instruction:  
 
This question asks for your views about your ARP experience. Please indicate if you agree or 
disagree with the following statements. 
 
The following statements were given: 
 
I viewed my ARP project work as on-the-job/practical training. 
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Figure 3.3 I viewed my ARP project work as on-the-job/practical training. 
(N = 257)
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I viewed my ARP project work primarily as an educational experience. 
 
Over eighty percent (82%) of students either agreed or strongly agreed that they viewed their 
ARP project work as primarily an educational experience. (Please see Figure 3.4.) 
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Figure 3.4  I viewed my ARP project work primarily as an educational experience.
(N = 259)
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The research experience gained by working on the ARP project was more important to me than 
most of my classroom education. 
 
Two-thirds (67%) of the students either agreed or strongly agreed that their ARP project work 
was more important to them than most of their classroom education. (Please see Figure 3.5.) 
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Figure 3.5  The research experience gained by working on the ARP project was more 
important to me than most of my classroom education.
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My ARP project experience greatly enhanced my learning and overall education. 
 
Almost all (90%) of the students either agreed or strongly agreed that their ARP project work 
greatly enhanced their learning and overall education. (Figure 3.6) 
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Figure 3.6  My ARP project experience greatly enhanced my learning and overall education.
(N = 257)

 
 
In the following open-ended question, students were asked, 
 
Please cite any marketable skills or competencies that you acquired as a direct result of your 
work on your ARP project.35 
 
Responses included: 
 

• Project management (especially working within budget and timelines)  
• I learned how to use several pieces of data reduction software  
• Productive research in my field of expertise  
• Ability to work under a deadline  
• Specific research experience  
• Designing experiments  
• Presentation skills 
• Attention to deadlines 

 
In another open-ended question, students were asked, 
 
Please use the space below to share any information, either positive or negative, about your ARP 
project experience.36 
 
                                                 
35 A complete list of responses is provided in appendix E. 
36 A complete list of responses is provided in appendix E. 
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Response examples include: 

• “Great experience. A nice bridge between academia and the business world that allowed 
me to demonstrate the ability to apply classroom [learning] to real world problems. The 
ability to earn wages while doing work that complemented my academics was also a 
significant plus.” 

• “I can see from the survey that there is an interest in whether ARP funded students 
remained in Texas. I would have given anything to stay there, but was forced to move 
due to my career goals. I wanted to be a Professor. Unfortunately, it is not common to 
become an Asst Prof at the University where one is granted a PhD and my skills allowed 
me to pursue top notch universities for employment. This left me with only two in-state 
options: [University A, University B]. Unfortunately, [University A] is in a rural setting 
and my husband would not likely find employment there. [University B] would have 
been an ideal choice, but was in the middle of department turmoil so I did not apply. I am 
now an Asst. Professor at [University C]. I would love to return to Texas when the time is 
right.” 

• “The ARP project gave me a good chance to learn something practically applicable while 
at the same time doing something innovative. I think my education became really well 
rounded after my experience in the ARP.” 

• “The funding from the ARP grant enabled me to use many of the newer techniques in our 
field, such as morpholino oligonucletides, to ask very specific questions related to my 
project. Thus, this funding allowed me to take my project much further and acquire a 
much broader knowledge base than would have been possible without it.” 

• “I had a good experience with the ARP-supported projects during my overall graduate 
career. It provided financial support for my mentor and me to pursue the work we 
deemed important. As a result of having the support, we were able to make scientific 
progress and publish our ARP-supported work in peer-reviewed journals. I also obtained 
writing and communicating skills, in addition to the direct scientific/research experience, 
as we presented our work at different venues. Overall, it was a nice experience being 
involved in the ARP-supported projects.” 

• “It was a great experience for me to work on an ARP project in terms of my future 
career.” 

• “The vast amount of knowledge I learned in graduate school came from my ARP project, 
not the classes I took. The project prepared me for the workplace. It gave me to 
opportunities to combine all the skills I had learned and put them to use in a multi-person, 
2 year project. The lessons learned in terms of project management, leadership, and group 
skills were the most important, and cannot be taught in a classroom.” 

• “The funding I received from the ARP project allowed me to spend time working with 
equipment at Los Alamos National Labs. I was nearing completion of my thesis and 
needed some additional spectroscopic data unavailable at [University A]. The results of 
the work at the national lab allowed me to complete a chapter in my dissertation and 
provided my advisor with valuable knowledge applicable to his field of study. All in all, 
the ARP project was beneficial in a number of ways, although the information and 
experience gained may not have been directly applicable to my current line of work.” 
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• “This project was core to my dissertation, which is germane to my entire career. Funding 
for this work, whether it translates into dollars or not, is essential if Texas and the U.S. is 
to remain a leader in agriculture.” 

• “I am grateful for the experience that helped me build a career at a company that will 
benefit thousands of women with breast cancer.” 

• “Working as part of a cooperative team to solve complex problems helped me to develop 
tangible and intangible skill sets that are prized by my current employer in the petroleum 
industry. I used these skills to successfully execute and complete a Ph.D. at a University 
outside Texas (the ARP work was part of my Masters program at UT-Austin) and 
following completion of the doctoral degree I received many offers of employment in the 
petroleum industry. The salaries offered were highly competitive and reflected value 
placed on the team-work, communication, and independent research skills I had acquired 
as a result of my ARP experience. As a consequence, I also returned to employment in 
Texas (Houston), although I am currently on international assignment in our Australia 
office.” 

• “It was good experience to work on new field such as SMA (Shape Memory Alloy). 
During the ARP project I learned a lot about experiments and engineering designs.” 

• “My participation with the ARP project is one of most valuable experiences I had in my 
graduate program. I strongly recommend continuing such programs in public 
universities.” 

• “The ARP project that I participated in helped to launch me in my current career. With 
that grant, I was able to establish myself as a productive member in my discipline. This is 
an area of research in which I am still working. I am now a full professor and chair of my 
department at another large state university.” 

• “Research support was extremely positive. If it were to be lost or decreased for 
succeeding students and post-doctoral researchers, then the consequences to Texas as a 
preeminent location in the U.S. for science and technology would be highly negative. It is 
a competitive world, and investment in our future, as embodied by fundamental and 
technological R&D, is key to long-term success.  This does not necessarily mean that a 
given project will yield immediate benefits. In fact, it is really the process by which 
students learn and grow from it that is most important.  Individual research topics come 
and go, but the critical and imaginative thinking processes that allow individuals to thrive 
and advance knowledge will be a major engine of future economic prosperity.” 

• “As I found out later, the ARP program continued to offer great employment 
opportunities for me even after the completion of the project, by making me a better 
candidate for employers.” 
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Post-Graduate School 

 
Students were asked, 
 
Where did you live immediately after ending your university program? 
 
A slight majority of students lived in Texas immediately after ending their university program. 
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Figure 3.7 Where did you live immediately after ending your university program?
(N = 270)
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Students were asked, 
 
Where do you live now? 
 
The largest subset of respondents (46%) lived outside of Texas at the time of the survey. A large 
number (41%), however, continue to live in Texas. (Please see Figure 3.8.) 
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Figure 3.8 Where do you live now?
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The following question required two parts and two figures, 3.9-A and 3.9-B, because of the 
number of possible answers. The most common response was that students ignored nearly all of 
the available options in their decision to remain in Texas. The most important deciding factor of 
those listed was that a Texas-based employer hired the student, although students would have 
relocated to anywhere an employer was located. Twenty-six percent of respondents indicated 
that their desire to continue to work with either the professor or ARP industrial partner with 
whom they had worked as a student was the most important factor influencing their decision to 
remain in Texas.  
 

Students were asked, 
 
We list several factors you may have considered when you chose to remain in Texas after 
completing your graduate program. Using the scale we provide, please tell us how important 
each of these factors was in making your decision. 
 
 

Figure 3.9-A.  Using the scale provided, please tell us how important each of these factors were in 
making your decision when you chose to remain in Texas after completing your graduate program.
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Figure 3.9-B.  Using the scale provided, please tell us how important each of these factors were in 
making your decision when you chose to remain in Texas after completing your graduate program. 

(N = 36)
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Almost all (95%) of respondents at the time of the survey were employed by an academic 
organization, a commercial organization, a governmental organization, or were still enrolled as a 
student. The largest category of students was employed by an academic organization, followed 
by employment in commercial organizations. (Please see Figure 3.10.)  

 
Students were asked, 
 
Professionally, what are you currently doing? 
 

10%

45%

6%

34%

0% 0% 0%
6%

0%

20%

40%

60%

80%

100%

Still enrolled as
student

Employed by
academic

organization

Employed by
governmental
organization

Employed by
commercial
organization

Seeking
employment with

academic
organization

Seeking
employment with

governmental
organization

Seeking
employment with

commercial
organization 

Other (please
specify)

Figure 3.10  Professionally what are you currently doing?
(N = 104)
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Roughly the same percentage of students agreed as disagreed as to whether the ARP program 
had a direct impact on their current field of employment. (Please see Figure 3.11.) 
 
I am currently employed in a field or area that I would not have chosen were it not for my 
participation in my ARP project. 
 

13% 19%
31%

20%
7% 10%

0%

20%

40%

60%

80%

100%

Strongly
agree

Agree Neutral Disagree Strongly
Disagree

Don't
Know

Figure 3.11  I am currently employed in a field or area that I would not have chosen were it not for 
my participation in my ARP project. 
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Over sixty percent (63%) of graduate students were currently working in the same field as their 
ARP project. (Figure 3.12) 

 
Students were asked, 
 
Is your current work related to the same field as your ARP project? 
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Figure 3.12  Is your current work related to the same field as your ARP project?
(N = 88)
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Most (72%) respondents’ current employers were not involved in an ARP grant program. (Please 
see Figure 3.13.) 

 
Students were asked, 
 
If you are currently employed by an academic, governmental, or commercial organization, was 
this organization involved in the ARP grant? 
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Figure 3.13 If you are currently employed by an academic, 
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involved in the ARP grant?
(N = 105)
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A large majority (71%) of students either agreed or strongly agreed that their ARP project work 
made them a more attractive hire to potential employers. (Figure 3.14) 

 
Students were asked, 
 
My ARP work experience made me a more attractive hire to potential employers. 
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Figure 3.14  My ARP work experience made me a more attractive hire to potential 
employers.
(N = 257)
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A majority (67%) of respondents were unable to estimate the increase in their value to employers 
because of their ARP experience. (Figure 3.15) 

 
Students were asked, 
 
Can you reasonably estimate the increase in your value to employers because of your ARP 
project experience? 
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Figure 3.15  Can you reasonably estimate the increase in your value to employers because of 
your ARP project experience?
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While 72 respondents said they were able to estimate an increase in his/her value to potential 
employers, only 59 actually listed an estimate for this amount. Of these 59 respondents, three 
quarters (76%) indicated an increase in value of $10,000 or more. For example, as shown in 
Figure 3.16, 18 students (or 31% of the respondents) believe that their employer value increased 
by $10,000 per year as a result of their ARP project experience. Results should be interpreted 
with consideration of a lower than average response rate. 
 

 
Students were asked, 
 
If you are able to reasonably estimate the increase in your value to employers because of your 
ARP project experience, please provide the approximate amount, in dollars per year.  
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Figure 3.16  If you are able to reasonably estimate the increase in your value to employers because 
of your ARP project experience, please provide the approximate amount, in dollars per year.
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Figure 3.17 shows the distribution of respondents’ views regarding the duration of an increased 
salary level. Sixty percent believe the increase will be five years or less, while 30% believe the 
increase will continue throughout their careers.  

Students were asked, 
 
If you are able to estimate your increased value to your employer, please specify how long you 
think a higher salary will continue. 
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Figure 3.17  If you are able to estimate your increased value to your employer, please specify how 
long you think a higher salary will continue.

(N = 20)

 
 
CLOSING 
 
In choosing a graduate program at Texas public universities, students indicated the most 
important factors impacting their decision were a university’s reputation for research in an area 
of interest, a desire to work with a particular professor at a university, and/or the university 
offering the student substantial financial assistance. Based on these responses, ARP’s ability to 
enhance academic and researcher reputation as well as provide financial support for students is 
certainly a contributing factor in helping attract outstanding students to Texas. 

 
A large majority of students either agreed or strongly agreed that their ARP project work was 
more important to them than most of their classroom education, a great enhancement of their 
learning and overall education, and made them a more attractive hire to potential employers. 
These data indicate that the ARP experience is clearly important to the education of students who 
are involved. 
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While not all of the educational benefits of ARP projects remain in Texas, a large portion does. 
The majority of students who were from Texas at the time they chose a graduate school remained 
in Texas after they completed their education and are still living in Texas. Of those that came 
from outside Texas to attend graduate school, over 40% remained in Texas immediately after 
finishing their graduate program and about one-third were still residents in 2006.  
 
One of the primary intents of the ARP is to attract and retain outstanding students and 
researchers at Texas universities and to educate the future scientists and engineers of the state. 
From the data provided by graduate students, ARP appears to have achieved the original 
legislative intent. Students are attracted to Texas universities by components which the ARP has 
the ability to enhance. They view their ARP experience as a strong component of their education, 
and large numbers of these students remain in Texas after graduation, infusing the Texas 
workforce with the benefits of their expertise. 
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Chapter 4 – Effects on Students and Educational Processes 
 
 
HIGHLIGHTS 

o More than 4,800 students, and possibly double that number, have participated in 
Advance Research Program (ARP) projects. 

o Roughly 1,400 of these students have obtained positions in Texas after graduation as 
a result of this work. 

o 91% of Principal Investigators (PIs) surveyed stated that ARP projects significantly 
contribute to educating graduates for their careers and futures.  

o Salaries of students employed in Texas after graduation as a result of their ARP 
project experience are estimated to be at least $55 million and likely closer to $186 
million. A conservative estimate of approximately $18 million was developed as the 
portion confidently attributable to ARP. 

o Graduate students feel working on ARP projects has increased their value to Texas 
employers by a combined $253.2 million. An estimated $81.7 million of this has 
already been realized and the remainder will benefit the state in the future.  

o No increased value was estimated for undergraduate students who worked on 
research projects, which is another unquantifiable benefit of the ARP.  
 

 
One of the primary goals of the Advanced Research Program is to attract and retain outstanding 
graduate students in Texas. In addition to the data collected from student participants, the 
following areas were examined to determine outcomes from ARP projects:  
 

(1) The number of students who worked on ARP grants; 
(2) The number of students who obtained employment in Texas as a result of their ARP 

training; 
(3) Principal Investigators’ opinions regarding the success of the ARP in fulfilling its 

educational goals; 
(4) The total economic value of salaries earned by students who obtained employment in 

Texas as a result of their ARP training; and 
(5) The total estimated monetary value to Texas employers of the increased skill levels of 

ARP-trained graduates. 
 
The ARP has significantly affected students and education in Texas and subsequently provided 
significant economic benefits to the State. 
 

 
4.1 Principal Investigators’ Assessments of Educational Impacts 
 
SUMMARY 
 
The primary purposes of the Texas Advanced Research Program are to attract and retain 
outstanding graduate students and researchers, to educate and to train the future scientists and 
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engineers of Texas, and to provide the knowledge base necessary for innovation.37 According to 
the data provided by principal investigators, the ARP has been an important component in 
students’ educations. Approximately 4,829 to 11,944 students have worked on ARP grants, and 
roughly 1,400 have obtained employment in Texas as a result of this work. Most PIs (90%) felt 
that the ARP program was moderately to very important in attracting outstanding graduate 
students to their institutions.38 PIs also felt that the ARP has been an important component in 
educating students in Texas. A large majority (90%) agreed that the most important product of 
the ARP program was educated students. Most PIs (91%) surveyed also stated that ARP projects 
significantly contribute to producing students who are adequately trained for their careers and 
futures.  
 
An overwhelming consensus exists among PIs that the ARP has fulfilled its initial legislative 
intent to attract and retain students and to educate an elite segment of the future science and 
technology workforce in Texas. 
 
 
INTRODUCTION 
 
The following specific questions were posed in the online survey of PIs to help determine the 
impact the ARP has had on education in Texas. 
 

• How many students worked on your project? 
• Please provide the names and current e-mail addresses of former graduate students 

who were paid from your ARP project funds.39 
• How many graduate students were employed full-time for more than six months in 

jobs located in Texas as a result of their work on your project? 
• How many undergraduate students were employed full-time for more than six months 

in jobs located in Texas as a result of their work on your project? 
• Please cite any marketable skills or competencies acquired by students who worked 

on your project.  
• How important is the ARP grant program in attracting outstanding graduate students 

to your institution?  
• How important is the ARP grant program in attracting outstanding faculty to your 

institution? 
• Indicate if you agree or disagree with the following statements: 

 
 Educated students are the most important product of the ARP program. 
 ARP projects contribute significantly to producing graduates properly trained 

for their intended job markets. 
 
Those questions focusing on recruitment and retention help measure the economic benefits that 
the ARP program generates, as do those survey questions regarding ARP’s role in improving  
                                                 
37 One portion of the PI survey evaluated ARP’s success in fulfilling the first goal of attracting and retaining 
graduate students.   
38 Likewise, most PIs (83%) felt that the ARP was important in attracting outstanding faculty to their institutions. 
39 This information was used for a follow-up student survey, discussed in chapter 3. 
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new, marketable skills that will contribute positively to Texas’ science and engineering 
workforce.  
 
For the period covered by this evaluation, 1987-2001, there were 1,312 approved ARP projects. 
The online survey response represents 745 of these projects, or 56.78%.40 
 
 
DETAILED FINDINGS41     
 
Number of Students 
 
Survey data indicate that a large number of students have benefited from the ARP. Students who 
worked on ARP projects received financial assistance, education, and training while participating 
in research projects at the frontiers of their field.  
 
Table 4.1 summarizes the distribution of student involvement by projects. Highlights of this 
information include: 
 

• The largest percentage of students working on ARP projects was doctoral students with 
over one-third of the total (34%). 

• The smallest percentage of students working on ARP projects was post-doctoral students 
with less than one-fifth of the total (18%). 

• Over three-quarters (76%) of projects employed 1 to 3 students (17%+26%+16%+17%). 
• Five projects employed 20 or more undergraduates. 
 

 
Table 4.1 Number of Students Employed by ARP Projects42 

 
 1 to 3 4 to 9 10 to 19 20 or 

more 
Total 

Projects 
Post-Doctoral 239 20 0 0 259 
Doctoral 370 111 9 0 490 
Masters 235 75 7 1 318 
Undergraduate 242 98 16 5 361 
 
Percentage of Total Projects by Level of Student 
Post-Doctoral 17% 1% 0% 0% 18% 
Doctoral 26% 8% 1% 0% 34% 
Masters 16% 5% 0% 0% 22% 
Undergraduate 17% 7% 1% 0% 25% 

 
 

                                                 
40 The survey methods, including population and sample, are discussed in chapter 2.  
41 These results overlap with material presented in chapter 2 but include a more detailed discussion of findings. 
42 Numbers are based on raw data and not projected to the population. Estimations of total student participation for 
all projects are shown below. 
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As noted previously, the PI survey results comprise approximately 56.78% of all ARP projects 
funded. If we assume that survey responses are representative of all projects (an assumption 
discussed in chapter 2), then it is possible to compute an estimated number of students for all 
projects, not just those responding to the survey. A projection factor of 1.761 (1/0.5678)and an 
analysis of the student project distribution data provides low and high estimates for the total 
number of students involved in all ARP projects. These estimates are summarized below.43 
 

• Between 562 and 1,580 post-doctoral students have worked on all ARP grants.44, 45  
• Between 1,592 and 4,016 doctoral students have worked on all ARP grants. 
• Between 1,101 and 2,718 masters students have worked on all ARP grants. 
• Between 1,574 and 3,631 undergraduate students worked on ARP grants. 
• A total of 4,829 to 11,944 students were educated through their work on an ARP grant. 

 
 
Student Employment 
 
The ARP program is helping to retain talented graduate and undergraduate students within the 
State of Texas after graduation. Principal investigators were asked to indicate how many 
graduate and undergraduate students obtained full-time positions for more than six months in 
jobs located in Texas as a result of their ARP project work. Based on the survey results, a 
substantial number of students were able to capitalize on the skills they acquired working on 
ARP projects to obtain employment in Texas after graduation. An estimated total of 1,435 to 
1,478 students obtained employment in Texas as a result of ARP training.46 
 
Table 4.2 summarizes the distribution of student employment by positions and projects. 
Highlights of this information include: 
 

• Student employment is divided approximately evenly between academic and industry 
positions. 

• A student obtains related employment in Texas for at least six months for approximately 
every 1.09 ARP projects.47 

• More graduate students obtained employment than undergraduate students.48 
 

                                                 
43 Projected to population using factor of 1.761. Ranges of values provided by PIs were constrained, and the values 
are averaged in this presentation. 
44 ((239x1) + (20x4))x1.761 = 562. Had there been any projects with 10-19 students or 20+ students, additional steps 
would have been required. Four steps were performed to develop the low estimate and four other steps were 
performed to develop the high estimate of undergraduates as there were projects in all four cells. See Table 4.1 on 
previous page.  
45 ((239x3)+(20x9))x1.761 = 1,580 
46 Projected to population using factor of 1.761. 
47  1,435 is the conservative estimate of total number of students employed. 1,312 is the total number of ARP 
projects to date. To find the average: 1,435/1,312 = 1.0938. 
48 It is possible that this is because larger percentages of undergraduates continue their education after working on an 
ARP project. Another possibility is that fewer undergraduates acquired specialized competencies from their project 
work.   
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Table 4.2 Texas Student Employment Estimates49 

 
 Graduate Students Undergraduate Students 
 Academic 

Positions 
Industry 
Positions Total Academic 

Positions 
Industry 
Positions Total 

Total No. Students 446 480 926 275 256 531 
Avg. 
Students/Project 0.34 0.37 0.71 0.21 0.20 0.40 

 
  
 
The ARP Program is Important to Attracting Students and Faculty to Universities 
 
The results of two questions demonstrate that PIs believe that ARP support is important to 
attracting outstanding faculty and students to their universities. Forty-four percent (44%) of PIs 
thought that the ARP was “Very Important” to attracting outstanding graduate students to their 
universities, and a total of ninety percent (90%) of PIs felt ARP was very important to 
moderately important in attracting outstanding students. (Please see Figures 4.1 and 4.2 
respectively.) Thirty-six percent (36%) said that the program was “Very Important” to attracting 
outstanding faculty. Eighty-three percent (83%) of the PIs felt that ARP was very important to 
moderately important in attracting outstanding faculty.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
49 Projected to population using factor of 1.761. 
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Principal investigators were asked: 

 
How important is the ARP grant program in attracting outstanding graduate students to your 
institution? 
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Figure 4.1  How important is the ARP grant program in attracting outstanding 
graduate students  to your institution?

(N = 460)
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How important is the ARP grant program in attracting outstanding faculty to your institution? 
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Figure 4.2  How important is the ARP grant program in attracting outstanding faculty 
to your institution?

(N = 455)

 
 
 
The ARP is Important to Educating Students in Texas 
 
Principal Investigator survey responses indicate that they believe an important outcome of the 
ARP is educating students. As shown in Figure 4.3, ninety percent (90%) indicated the most 
important product of the ARP is educated students. Approximately the same proportion agrees 
that ARP significantly contributes to producing students who are adequately trained for their 
career and future. (Please see Figure 4.4.)  
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Principal investigators were asked to indicate if they agreed or disagreed with several statements:  

 
Educated students are the most important product of the ARP program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ARP projects contribute significantly to producing graduates properly trained for their intended 
job markets and future career tracks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Students Acquired Numerous Skills from their ARP Experience 
 
 
Students Acquired Numerous Skills from their ARP Experience 
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Figure 4.3 Educated students are the most important product of the ARP program. 
(N = 456)

53%

28%

10%
6% 1% 1% 1%

0%

20%

40%

60%

80%

100%

Strongly
Agree

Neutral Strongly
Disagree

Figure 4.4 ARP projects contribute significantly to producing graduates properly 
trained for their intended job markets and future career tracks. 
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Students Acquired Numerous Skills from their ARP Experience 
 
PIs were asked to list marketable skills that their students had acquired from their ARP 
experiences. The list varied widely and included both general and specific skills. A total of 203 
unique, though often closely related, general skills were listed including research skills, 
methodology skills, interview skills, and analytical skills. An additional 315 unique, specific 
skills were listed including x-ray diffraction, techniques for polymer synthesis, and 
semiconductor manufacturing knowledge.50  
 
 
CONCLUSIONS 
 
According to PIs, those faculty and researchers who educate and train students on a daily basis, 
ARP projects have supplied significant educational experiences for participating students. ARP 
projects attract outstanding graduate students and serve as an important element in their graduate 
school experiences. ARP projects also enable students to develop new skills and competencies 
that enhance their attractiveness to Texas employers. Almost all PIs believe ARP has served as a 
critical step in preparing graduate students for their careers in science and engineering fields. 
 
 
4.2 Post-Project Employment Impacts 
 
HIGHLIGHTS  
 

• A multi-step procedure generated gross estimates of post-project employment and salary 
impacts for students who worked on ARP projects. 

• Using survey data and reasonable assumptions for salary levels and employment tenure, a 
minimum post-project salary total from all projects was calculated to be $55 million. A 
total salary estimate based on national employment tenure figures was calculated to be 
$186 million. A conservative estimate of approximately $18 million was developed as the 
portion confidently attributable to ARP.  

• Survey responses indicate students feel working on ARP projects increased their value to 
Texas employers by approximately $253.2 million. An estimated $81.7 million of this 
has already been realized and the remainder will benefit the state in the future. 

• Cautions and limitations about the estimates are provided, but it is clear that post-
employment salary impacts have been significant. 

 
A multi-step procedure was used to assess the post-project employment and salary impacts in 
Texas for students who worked on Advanced Research Program projects. The first step used the 
results from a survey of principal investigators to determine the number of graduate and 
undergraduate students who were employed in Texas after graduation as a result of ARP 
projects. Salary levels were then identified for the different levels of students, and the length of 
time students were employed after graduation was estimated. The second step used the results of 
                                                 
50 The skills listed by PIs were very similar to those discussed by students in the student survey. These results can be 
found in chapter 3, and the full list of skills listed by students is provided in appendix C. 
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the survey of graduate students who worked on ARP projects to determine the estimated increase 
in economic value they provided to their employers by having worked on an ARP project. This 
value was multiplied by the percentage of students who remained in Texas after graduation to 
provide an estimate of the economic impact in the state. 
 
 
PI SURVEY ESTIMATES 
 
The survey of principal investigators asked,  
 
How many graduate students were employed full time for more than six months in jobs located in 
Texas as a result of their work on your project? 
 
A second question asked the same information about undergraduate students. The PIs were 
asked to provide numbers for university/academia positions and for private/government 
positions. Based on the responses to this question, it is estimated that 1,436 to 1,478 students 
(approximately 918-933 graduate students and 518-544 undergraduate students) obtained 
employment in Texas as a result of ARP training.51 When averaged, this equates to 
approximately 926 graduate students and 531 undergraduate students. 
 
A determination of salary levels was required to complete the second step of the procedure. Due 
to the wide-ranging fields of research covered by the ARP projects, salary figures for research 
and development scientists and engineers were used. Within this category, average salary levels, 
by age groups, are available for those with bachelor’s, master’s and doctoral degrees. (For the 
graduate salary, the mean of master’s and doctoral salaries was used.)52   
 
Two other assumptions were made. The first was that the Texas salaries were comparable to the 
national salary averages for research and development scientists and engineers.53 The salary data 
represents average values, so it is assumed that different types of positions (university, private, 
and government) are represented. 
 
The percent of ARP projects completed each year was then determined from data supplied by the 
HECB. The projects in this study were those awarded in odd years between 1987 and 2001. The 
salaries of students who worked on ARP projects were divided according to HECB data by these 
years.  

                                                 
51 For the 745 projects for which PIs responded, a total of 799 students were identified. This total included 505 
graduates (253 in university/academia and 252 in private/government fields) and 294 undergraduates (151 in 
university/academia and 143 in private/government fields). The PI survey results comprise approximately 56.78% of 
all ARP projects funded to date. If we assume that survey responses are representative of all projects (an assumption 
discussed in chapter 2), then it is possible to compute an estimated number of students for all projects, not just those 
responding to the survey based on the ratio (1.761) of total projects to survey projects. 
52 This is a conservative assumption as 72% of graduate students are doctoral and post-doctoral students who 
generally would have higher salaries than masters students. While data on employment cannot be disaggregated by 
post-doctoral, doctoral, and master’s levels, there is no reason to believe employment percentages would differ from 
the graduate student percentages on ARP projects. 
53 A comparison of salaries in the same job codes for Texas and the national average showed variation of ± 6%. 
Therefore this assumption appears reasonable.    
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To adjust the salaries for inflation, the employment responses were divided evenly between the 
project award year and the following year. An assumption was made that the first year of 
employment was the year following the award cycle—for example, 1988 for those researchers 
working on 1987 awarded projects. Assuming that salary changes correspond to changes in the 
Consumer Price Index (CPI) over the 15-year period, the 2002 salaries (graduate: $75,109; 
undergraduate: $57,741) were adjusted downward by changes in the CPI to compute the gross 
salaries for each year from 1988 to 2003. 
 
The next step in the process was to determine employment tenure estimates. Figures are 
available from the U.S. Department of Labor - Bureau of Labor Statistics on the average amount 
of time spent in a job by an employee’s age.54 The 20- to 24-year age range was used for the 
undergraduate tenure and the 25- to 34-year age range was used for graduate employee tenure. 
These numbers are 1.3 years and 2.9 years, respectively. The survey question, however, asked 
only if the student worked at least six months in Texas; thus, a six-month employment tenure 
figure was used as the lower bound for both graduates and undergraduates. 
 
Starting with the student population represented in the PI survey, if one assumes that all of the 
799 students worked for six months in Texas, their total salaries would have been $31.2 million. 
Using the national average graduate and undergraduate tenures for all jobs, their total salaries 
would have been $105.7 million. As noted on several previous occasions, PI survey results 
comprise approximately 56.78% of all ARP projects funded to date. Therefore, to compute the 
salary estimates for all projects, the initial salary totals ($31.2 million for six months and $105.7 
million for the longer tenure) may be multiplied by the projection factor (1.761) described above. 
This procedure estimates salaries for six months of $54.9 million ($31.2 X 1.761), and the 
estimated salaries using the national average employment tenure of $186.2 million ($105.7 
million X 1.761).55  
 
 
LIMITATIONS AND CAUTIONS 
 
Despite the wording of the survey question, which asked principal investigators to identify 
employment entirely attributable to a research project, it is probable that some proportion of 
these researchers would have been employed in Texas after they graduated even if they had not 
worked on an ARP project. What is not clear is how soon after graduation they would have been 
employed or what type of position they would have secured were it not for their experiences 
related to the ARP project. According to the National Science Foundation (NSF), a majority of 
graduate students are able to find employment upon completion of their graduate degree. There 
were, however, numerous examples provided by PIs in the ARP case study phone interviews of 
their students obtaining positions for which they were trained with their ARP experience. It is 
                                                 
54 This information is available only for all occupations, not just scientists and engineers.  
55 Since the survey question only asked PIs to list the number of students employed in Texas as a result of their ARP 
project experience, an estimate was developed to determine the total impact for the program as a whole. The survey 
of graduate student ARP participants indicates that approximately 53% of graduate students remain in Texas after 
graduation. Assuming this proportion is representative of both graduates and undergraduates who were employed as 
a result of their ARP project experience, total salary impacts due to ARP would be approximately $103.6 million 
($54.9/0.53) for six months and $351.3 ($186.2/0.53) million using national average employment tenures. 
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also probable that the ARP was able to provide additional research opportunities to graduate 
students that were necessary both for their graduate studies and to obtain post-graduation 
positions. 
 
To ensure that a conservative estimation process is consistent throughout the assessment, an 
assumption, albeit somewhat arbitrary, was made that two-thirds of the graduate student salaries 
would have occurred in the absence of ARP. Therefore, one-third of the base estimate of $54.9 
million was attributed to ARP, or $18.3 million.56  
 
There are potential problems in other components of the estimation process. Because no tenure 
data are available for science and engineering job codes, or for college graduates for that matter, 
it was necessary to rely on median tenure figures by age group. Further, there may be biases 
introduced by our assumption that wages for scientists and engineers working in 
academia/government and private industry are the same. All of these suggest caution in 
interpreting the results.57 

                                                 
56 National estimated impact is approximately $34.5 million ($18.3/0.53). 
57 Data Sources:  
Scientist and Engineer Salaries: “R&D Salaries Grow Despite Economic Doldrums,” R&D Industry Guide – August 
2003 – July 2004, R&D Magazine, pp. 9 http://www.rdmag.com/pdf/industryguide/RD03SurveyREV.pdf 
Texas and National Salaries: U.S. Department of Labor, Bureau of Labor Statistics, "Occupational Employment and 
Wage Estimates," http://www.bls.gov/oes/oes_dl.htm 
Tenures: U.S. Department of Labor, Bureau of Labor Statistics, table 1. "Median years of tenure with current 
employer for employed wage and salary workers  by age and sex, selected years, 1983-2004,”  
http://www.bls.gov/news.release/tenure.t01.htm 
Consumer Price Index: U.S. Department of Labor, Bureau of Labor and Statistics, "U.S. All items, 1982-84=100," 
http://www.bls.gov/data/ 
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Total Number of Jobs (Texas only): 799 Tenure Based Salaries: $105,746,024   Six Months Salaries: $31,164,189  

Estimate to Population (Texas only): Tenure Based Salaries: $186,238,154   Six Months Salaries: $54,885,886 

Estimate to Population (US):  Tenure Based Salaries: $351,392,743  Six Months Salaries:   $103,558,275 

Attributable to ARP (33%) (Texas Only): Tenure Based Salaries:   $62,079,384  Six Months Salaries: $18,285,295 

Attributable to ARP (33%) (US):  Tenure Based Salaries: $117,130,914  Six Months Salaries: $34,519,425 

                                                 
58 Average number of years an employee in each age range is employed by the same company. 
59 This is the number of students who obtained positions in Texas due to their ARP project experience, according to PIs.  
60 Total amount of salaries earned based on number of employees listed, average salary levels, and average employment tenure for each age range. 
61 Total amount of salaries earned based on number of employees listed, average salary levels, and six months employment. 

Table 4.3  Post-Project Employment Impact 
 

  Tenure58 Jobs59 Salary - Tenure based on age60 Salary - 6 month tenure61 

Year 25-34 yrs 20-24 yrs Graduates Undergraduates Graduates Undergraduates Graduates Undergraduates 

  Graduate 
Under- 

graduates 
Academic/

Gov. Private 
Academic/

Gov. Private 
Academic/

Gov. Private 
Academic/ 

Gov. Private 
Academic/ 

Gov. Private 
Academic/

Gov. Private 

1988 2.9 1.3 14.8 14.8 8.9 8.4 $2,034,845 $2,034,844 $421,696 $398,006 $350,835 $782,632 $72,706 $153,079 
1989 2.9 1.3 14.8 14.8 8.9 8.4 $2,122,665 $2,122,666 $439,897 $415,183 $365,977 $816,410 $75,844 $159,686 
1990 2.9 1.3 17.3 17.3 10.3 9.8 $2,606,828 $2,606,828 $534,865 $508,900 $449,453 $1,002,626 $92,218 $195,731 
1991 2.9 1.3 17.3 17.3 10.3 9.8 $2,755,726 $2,755,726 $565,416 $537,968 $475,125 $1,059,895 $97,486 $206,911 
1992 2.9 1.3 16.1 16.1 9.7 9.1 $2,677,239 $2,677,239 $555,870 $521,487 $461,593 $1,029,707 $95,840 $200,572 
1993 2.9 1.3 16.1 16.1 9.7 9.1 $2,760,333 $2,760,332 $573,122 $537,672 $475,919 $1,061,666 $98,814 $206,797 
1994 2.8 1.2 14.8 14.8 8.9 8.4 $2,525,555 $2,525,555 $500,384 $472,273 $450,992 $1,052,314 $89,354 $196,780 
1995 2.8 1.2 14.8 14.8 8.9 8.4 $2,591,922 $2,591,922 $513,533 $484,683 $462,843 $1,079,968 $91,702 $201,951 
1996 2.7 1.1 16.0 15.9 9.5 9.0 $2,780,812 $2,763,432 $517,130 $489,912 $514,965 $1,256,106 $95,765 $222,687 
1997 2.7 1.1 16.0 15.9 9.5 9.0 $2,865,421 $2,847,512 $532,864 $504,818 $530,634 $1,294,324 $98,678 $229,463 
1998 2.6 1.1 16.9 16.9 10.1 9.6 $2,982,948 $2,982,947 $579,822 $551,118 $573,644 $1,355,885 $111,504 $250,508 
1999 2.6 1.1 16.9 16.9 10.1 9.6 $3,030,146 $3,030,146 $588,997 $559,838 $582,720 $1,377,339 $113,269 $254,472 
2000 2.7 1.2 16.6 16.6 9.9 9.4 $3,160,637 $3,160,637 $644,042 $611,515 $585,303 $1,316,932 $119,267 $254,798 
2001 2.7 1.2 16.6 16.6 9.9 9.4 $3,270,572 $3,270,572 $666,444 $632,785 $605,661 $1,362,738 $123,416 $263,660 
2002 2.9 1.3 13.8 13.8 8.2 7.8 $3,005,842 $3,005,842 $615,519 $585,494 $518,249 $1,156,093 $106,124 $225,190 

2003 2.9 1.3 13.8 13.8 8.2 7.8 $3,074,347 $3,074,347 $629,547 $598,837 $530,060 $1,182,441 $108,543 $230,322 

Totals - - 253 252 151 143 $44,245,837 $44,210,549 $8,879,148   $8,410,490 $7,933,974 
 
$18,187,077 $1,590,530 $3,452,608 
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STUDENT SURVEY ESTIMATES  
 
The survey of graduate student ARP participants asked respondents to estimate their incremental 
value to employers attributable to their ARP project experience. 
 
Graduate Students who worked on ARP projects were asked,  
 
If you are able to reasonably estimate the increase in your value to employers because of your 
ARP project experience, please provide the approximate amount, in dollars per year. 
 
The estimated value increase as a result of ARP project experience ranged from $1,000 per year 
to $80,000 per year. Three-quarters (76%) of those who responded to this question indicated an 
increase in value of $10,000 or more. 
 
To determine the total increase in value for all graduate students, the amount in each individual 
student’s response was multiplied by the number of years they felt their increased value would 
continue, which was obtained from the question,  
 
If you are able to estimate your increased value to your employer, please specify how long you 
think a higher salary will continue. 
 
Of those who responded to this question, sixty-five percent (65%) felt that the extra wage 
earning capacity from their ARP project would last for three or more years. Approximately one-
third (30%) of the respondents expected the higher salary impact to continue throughout their 
careers.  
 
If a range of values was listed, the conservative value was used for the estimation. For example, 
if the student responded that their increased value would continue for two to three years, the 
annual amount of their increase in value to employers was multiplied by two years. If the student 
did not respond to the second question, it was assumed that the amount of increased value to 
employers only lasted one year. The results indicate that students who participated in the survey 
felt the ARP increased their value to employers by a total of $23 million over the course of their 
careers. 
 
The next step in the process was to develop an estimate of this value for the total population of 
graduate students who had worked on ARP projects. The first consideration was whether or not 
the student data collected could be considered representative of the population. Because the PI 
data were representative of the population of ARP projects, and the student data were provided 
by PIs, it is reasonable to assume that student data is also representative of the population. 
 
To estimate what a projected value would be for the total population of ARP students, it was first 
necessary to determine the proportion of all ARP graduate students represented by the survey 
responses. This number was estimated based on the PI survey question cited earlier in this 
chapter, “How many students worked on your project?” PIs were asked to list a range (1-3, 4-6, 
7-9, etc.), and conservative, average, and aggressive estimates were derived by using the lower 
bound, mean, and upper bound of the ranges, respectively. Based on an analysis of these data it 
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is estimated that between 3,255 and 8,313 graduate students worked on ARP projects during the 
period of this evaluation.62 The total number of student responses, 278, was then divided by these 
numbers to obtain percentage of population figures, as shown in the table below. The total 
amount estimated by students ($22.96 million) was divided by the percentages represented to 
obtain a projected value. The average estimate of $477.8 million was deemed the most 
reasonable for impact assessment purposes.  

 
 

Table 4.4  Increased Value to Employers Estimation Methods 
 

Method of Estimation 

Estimated 
Student 

Population

Percentage of 
Population 

Represented 
Projected 
Amount 

PI Data - Conservative 3,255 8.5% $268.9 million 
PI Data - Average 5,784 4.8% $477.8 million 
PI Data - Aggressive 8,313 3.3% $686.7 million 

 
 
The final step in the estimation process was to determine what proportion of the increase in 
economic value would have occurred in Texas. The Student Survey asked graduate students two 
questions regarding where they lived after graduation. These questions were as follows: 
 
Where did you live immediately after ending your university program? and 
 
Where do you live now? 
 
The responses to these questions varied slightly. In regard to the first question, 53% of students 
said they lived in Texas immediately after graduation, whereas 41% responded to the second 
question that they currently lived in Texas. The response to the first of these questions was used 
to estimate the proportion of the increase in economic value resulting from ARP participation 
realized in Texas. The total value obtained from student survey estimates ($477.8 million) was 
multiplied by 53% to yield an estimated impact in Texas of $253.2 million.63 
 
The $253.2 million estimate represents both past and future expected economic benefit to 
employers. Since only economic benefits realized to date are appropriate for this assessment, it 
was necessary to allocate the impact accordingly. To do this, all estimated annual value increases 
which were expected to last more than 10 years, were reduced to 10 years since this is the 
average amount of time that the ARP has been in existence.64 This reduces the total estimated 
realized value to $81.7 million. The remaining $171.5 million in economic benefit will result in 
future years. 

                                                 
62 “Graduate students” include post-doctoral, doctoral, and master’s students. 
63 This equates to an average increase in value of $3,500 per student. 
64 ARP’s first projects were completed 17 years ago in 1989. For the last funding cycle assessed, 2001, projects were 
completed 3 years ago at the end of 2003. The average of 17 and 3 is 10. While students were given an option to 
indicate that their increased value would last 20 years or 40 years, the cumulative values listed by these students 
were reduced to represent only the amount realized in the first 10 years. 
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Because only graduate students were given the opportunity to respond to the student survey, no 
data on the increase in value of undergraduates were provided by this assessment. This is another 
unquantifiable economic benefit of the ARP.
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Chapter 5 – The 21st Century Research Program 
 
HIGHLIGHTS 
 

• Senior administrators at major Texas universities, a number of national research leaders, 
Advanced Research Program (ARP) principal investigators (PIs), and university 
technology licensing officers provided their perspectives about current research 
challenges, research priorities, and future research initiatives for the State of Texas. 

• The primary challenge cited by administrators, national research leaders, and principal 
investigators is inadequate research funding.  

• Research priorities, while diverse, illustrate a strong consensus for investigator-initiated 
projects and a multi-program portfolio of research opportunities. While a majority of 
Texas university administrators and principal investigators express their preference for 
basic science research programs of various types, national research leaders suggest state 
funding should be provided for many types of research. 

• Substantial diversity exists within groups about specific future research initiatives.  
• Numerous comments and quotations are provided in the chapter to capture respondents’ 

insights and perspectives about current and future research issues.  
 
 
INTRODUCTION 
 
As part of this assessment, the Texas Higher Education Coordinating Board (HECB) asked that 
guidance and counsel be sought about current research priorities and future research programs 
for the State of Texas. The Coordinating Board asked that senior university executives in Texas 
be interviewed, as well as knowledgeable individuals and national leaders with a broader 
perspective on research trends across states and within the federal government. Perspectives of 
university technology licensing officers and principal investigators were sought also.  
 
Interviews were guided by the following general questions: 
      

• How successfully is the State of Texas currently providing research funds to public 
universities?  

• With the current research programs (Research Development Fund (RDF), Advanced 
Research Program (ARP), and Emerging Technology Fund (ETF)), what are the major 
gaps or missing funding links, if any, that need to be addressed?  What research programs 
should the State of Texas aspire to fund in the next ten years?  

•    In coming years, should an ARP-type program (early-stage basic research) 
 continue to be part of a multi-program menu?  If so, how would it best fit within a      
 spectrum of research support? 
  
Data collection was conducted slightly differently for the groups, although there was significant 
overlap of topics and specific questions. On-site and telephone interviews were conducted with 
university administrators and national research leaders, technology licensing officers were 
contacted by e-mail and telephone, and principal investigators provided their views through 
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responses to an electronic survey. All university administrators and national research leaders 
were provided a write-up of their answers after their interviews for their review and comment, 
and all were promised their replies would remain confidential. Permission to attribute individual 
comments was granted subsequently by nearly all of the national research leaders. Summaries of 
the interviews and key findings within each set of interviews appear at the beginning of each of 
the four respective sections: University Administrators, National Research Leaders, Technology 
Licensing Officers, and Principal Investigators.   

 
 

5.1 University Administrators 

SUMMARY 
 
Senior university executives at twenty-four Texas universities and institutions were contacted 
regarding their research priorities.65 The group included public and private universities, 
biomedical organizations, and other research entities. Interviews were conducted with senior 
executives of twenty-three institutions. Interviews covered four general topics and 11 specific 
questions within those topics. A summary of answers to the specific questions is provided below. 
 

• Four factors were cited as hindering greater commercialization: insufficient resources for 
research and research infrastructure, insufficient resources related to intellectual property, 
academic culture, and inadequate relationships with industrial partners. 

• 90% of officials cited inadequate funding for research facilities and equipment as a major 
issue facing universities currently.  

• The large majority of institutions expressed the view that current research funding is not 
going in the right direction. A minority of administrators gave positive responses about 
research support and ARP/ATP were noted as having leveraged significant additional 
funding. Many university administrators expressed hope about the matching funds and 
researcher recruitment elements of the Emerging Technology Fund. The regional 
research centers component is considered by most to be a development, rather than a 
research, initiative. 

• Research outcomes should be assessed by how many additional new research dollars are 
obtained (leveraging) and by tracking the number and quality of new faculty attracted to 
institutions because of supported research activities.  

• Many administrators cited California research programs as models, as well as programs 
in a handful of other states.     

• Various perspectives were offered about what types of programs should be funded in the 
next decade. The predominant recommendation was for multiple programs of different 
types (i.e. basic research, applied research, development). A slight majority identified 
different types of initiatives for basic research (ARP, researchers early in their careers, 
recruitment of prominent researchers, the RDF), whereas nearly 40% of administrators 

                                                 
65 These universities and institutions were selected because they have the largest annual research expenditures 
according to data from the National Science Foundation.  
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said the biggest need was for gap funding, and a smaller number identified applied 
research as a priority.66   

• Over 80% of administrators believe that an ARP-type program should continue as part of 
a multi-program research menu. A variety of changes to ARP were suggested. 

• Preferences about private institutions’ eligibility for ARP funding were diverse, with a 
slight majority favoring their inclusion.  

• Preferences about their highest priority research program also elicited diverse responses. 
About three-quarters of administrators voiced their support for some type of basic science 
and early stage research program while the remainder preferred later stage research. 
Nearly all administrators supported programs that are investigator-initiated and peer-
reviewed while several administrators preferred formula-based awards to universities. 
Many university administrators believe a sequential pipeline of programs should exist. 

 
 
INTRODUCTION 
 
Senior university executives at twenty-four Texas universities and academic-oriented institutions 
were contacted for interviews. This group included public and private universities, biomedical 
organizations, and other research entities. These institutions have the largest research 
expenditures in the State of Texas. Initial contacts were made with the chief executive officers of 
the institutions, normally the Office of the President. Many interviews were conducted with the 
Presidents, while in other instances, with Provosts or Vice-Presidents for Research. All 
interviews were performed on-site or by telephone from January through March 2006. In 
alphabetical order the institutions contacted were: 
 

• Baylor College of Medicine 
• Prairie View A&M University 
• Rice University 
• Texas A&M University-Corpus Christi 
• Texas A&M University-Kingsville 
• Texas A&M University-College Station 
• Texas A&M Health Science Center 
• Texas Agricultural Experiment Station 
• Texas Engineering Experiment Station 
• Texas Tech University 
• Texas Tech University Health Sciences Center 
• University of Houston 
• University of North Texas 
• University of North Texas Health Science Center at Fort Worth 
• The University of Texas at Arlington 
• The University of Texas at Austin 
• The University of Texas at Dallas 
• The University of Texas at El Paso 

                                                 
66  Many administrators identified more than one program as their top priority.  
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• The University of Texas at San Antonio 
• The University of Texas Health Science Center at Houston 
• The University of Texas Health Science Center at San Antonio 
• The University of Texas M.D. Anderson Cancer Center 
• The University of Texas Medical Branch 
• The University of Texas Southwestern Medical Center at Dallas 

 
To address the three key research questions on which the Texas Higher Education Coordinating 
Board (HECB) sought guidance, interviews covered four general topics and 11 specific interview 
questions within those topics. The topics and associated interview questions were: 
 
 
Interview Topic A, The Most Significant Research and Commercialization Related Issues Facing 
Texas Universities 
 

Question 1: What barriers exist to greater commercialization of research at Texas 
universities? 

 
Question 2: What are the major issues involving research today at Texas universities?    

 
 
Interview Topic B, Current State of Texas’ Support for University Research 

 
Question 3: How successfully is the State of Texas currently providing research funds to 
public universities?   

 
Question 4: How should a state’s performance be judged in supporting academically-
oriented research?    

 
Question 5: Is the trend for Texas research support going in the right direction? 

   
Question 6: How does Texas compare to other states? Are there model programs in other 
states which Texas should emulate? 

  
 
Interview Topic C, Future Directions for Research Grant Programs in the State of Texas 

 
Question 7: With current research programs in mind [Research Development Fund (RDF) 
for some institutions, Advanced Research Program (ARP), and Emerging Technology Fund 
(ETF)], what are the major gaps or missing funding links, if any, that need to be 
addressed? What research programs should the State of Texas aspire to fund in the next ten 
years?   

  
Question 8: In coming years, should an ARP-type program (early-stage basic research) 
continue to be part of a multi-program menu? If so, how would it best fit within a spectrum of 
research support?  
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Question 9: Should private universities be eligible to participate in the ARP program? (They 
are currently not eligible.) 

 
Question 10: If only one significant funding program is possible, please describe that 
program.   

 
 
Interview Topic D, General Advice about Research Issues to the Higher Education Coordinating 
Board  
 

Question 11: What other advice would you offer to the Coordinating Board generally about 
research issues at Texas universities?   

 
 
FINDINGS REGARDING INTERVIEW TOPIC A: THE MOST SIGNIFICANT 
RESEARCH AND COMMERCIALIZATION RELATED ISSUES FACING TEXAS 
UNIVERSITIES  

Question 1: What barriers exist to greater commercialization of research at Texas universities? 
 
Four issues accounted for almost ninety percent (88%) of the responses to this question:  
 

1. An inability by universities to generate industrial pull for its intellectual property. (The 
university’s location was cited as a contributing factor in some cases.) 

2. The academic culture and/or skills of the organization’s faculty and/or staff.   
3. The lack of resources to develop necessary infrastructure and/or lack of research support 

funding. 
4. An inability to properly fund the establishment and maintenance of the University’s 

intellectual property. 
 
Thirty-three percent of those who responded mentioned the inability to generate industrial pull as 
a barrier. One interviewee described the problem this way: “You generally need a basket of 
technology elements for new, significant breakthroughs, so it is critical to develop strong 
network linkages between faculty and industry representatives, and this is not always easy to 
accomplish.” Another interviewee said, “Our most important barrier is not being as effective as 
we would like to be in marketing our research strengths, capabilities, and existing IP. Associated 
with this, we need to locate and establish the right partnerships with commercial entities. There 
is a lack of research support targeted to this end.” Another aspect of this issue cited the lack of 
biotechnology venture funding and/or company interest either in a part of Texas or the State as a 
whole. An interviewee from one of the biomedical organizations said that while their 
commercialization effort is going reasonably well, the State is losing out because, due to the 
current investment climate for Texas biomedical companies, most licenses were going to East 
and West coast companies. 
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Twenty-two percent of officials mentioned academic culture barriers. One interview participant 
characterized the issue: “The most significant barrier is the academic culture. Most researchers 
are focused not on tech transfer, or commercialization, but on peer review and publishing.” 
Another university administrator said, “As is true with most Texas universities, there is not an 
aggressive enough tradition. Through developing a more ambitious culture, we control our own 
destiny.”  
 
The last two barriers mentioned were funding-related. Insufficient resources to develop needed 
infrastructure was identified as a larger problem than funding to adequately establish and 
maintain intellectual property. The latter, however, was cited as a chronic issue that must be 
addressed continually. Thirty-three (33%) percent of officials identified one of these two 
barriers. 
 
Question 2: What are the major issues involving research today at Texas universities?    
 
One reply dominated responses to this question: 90% of officials cited inadequate funding for 
new research facilities, renovation of existing facilities, and key research equipment. One 
administrator commented, “Our most significant issue is inadequate funding available for new 
research facilities and renovation of existing facilities. Tuition revenue bonds used to help but 
that trend is going in the wrong direction.”  
 
In addition, one or more executives identified the following issues: 
 
• The cost of recruiting talent to Texas universities has risen—there is a limited pool of talent 

nationally, and costs involved with being successful in recruitment have increased 
substantially in recent years.  

• State policies and/or institutional cultures in Texas encourage unnecessary competition 
among regions and among institutions.  

• Several types of regulatory constraints (export controls, additional conditions on human 
trials, etc.) are impacting negatively university research.   

• Continued funding from grants is being severely threatened because of the heightened 
competition for smaller national research budgets. One administrator asserted that only 
about 11% of new federal grant applications are being funded.  

 
 
FINDINGS REGARDING INTERVIEW TOPIC B: THE CURRENT STATE OF TEXAS’ 
SUPPORT FOR UNIVERSITY RESEARCH 

Question 3: How successfully is the State of Texas currently providing research funds to public 
universities?   
 
Approximately 30% gave some degree of positive response regarding Texas’ support for 
research, although these comments often included critical comments as well. For example, one 
administrator said, “The state is going in the right direction, but barely. The state is not doing 
enough to build research infrastructure.” An executive from one of the biomedical research 
institutions said, “Texas does a pretty good job, a lot of states do not provide any research 
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funding support for their universities. But the Texas support is not always provided in a uniform 
way.” 
 
Most of the positive responses indicated that the Advanced Research Program and Advanced 
Technology Programs had been very helpful in the past. One administrator from a smaller 
university said, “ARP/ATP programs were one of the nation’s leading programs in terms of state 
support. They recognized the need for basic research and the emphasis on business relevant 
research in ATP was ideal.” Another interviewee said, “The ARP/ATP programs have been keys 
to leveraging major funding dollars.”  
 
The large majority (70%) of administrators, however, indicated that the current research funding 
situation was not encouraging. One respondent stated, “Texas is less successful today than when 
both ARP and ATP were active.” A biomedical official responded, “The ARP, ATP, and ETF 
are good programs, but current overall funding is inadequate to meet the State’s needs regarding 
the advancement of world class university-oriented research.” An administrator at a smaller 
institution said, “Not well at all. Funding is tied more to immediate problems and needs, rather 
than expended on research which may mitigate longer-term problems.” 
 
Question 4: How should a state’s performance in supporting academically-oriented research be 
judged? 
  
Eight performance factors to judge a state’s accomplishments were recommended by two or 
more interviewees. Two of these eight were dominant—65% suggested that a state should track 
the leveraging value of their investments in university-related research and about one-third of 
administrators (35%) suggested measuring the quantity and quality of faculty attracted to the 
State because of supported research activity. The other six factors mentioned by more than one 
administrator were:67  
 

• Jobs created in relation to supported research (24%), although it was pointed out that it 
can be very difficult to attribute job creation to a specific project. 

• Publications and conference activity by faculty and students associated with supported 
technology (18%). 

• Number and quality of students that have been associated with supported research who 
remain in the State (18%). 

• Intellectual property generated and moved into the commercial markets from support 
research (12%). 

• The reputation of Texas in technology areas (12%). 
• The degree of success of joint private and public efforts (12%). 

Question 5: Is the trend for Texas research support going in the right direction? 
 
Most (69%) administrators had a negative response to this question as they felt the current trend 
was clearly headed in the wrong direction. Comments included the following: “The State needs a 
more focused approach. There needs to be more emphasis placed on facility and laboratory 

                                                 
67  Because multiple answers were permitted, the percentages do not sum to 100%.  
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shortages.” Some of the responses were partially optimistic. One of the interviewees from a 
biomedical organization said, “The trend is in the right direction but is significantly under-
funded and not properly targeted.” Another respondent suggested, “The ETF's program to attract 
research stars to Texas is a step in the right direction, but a much more robust ARP/ATP 
component is needed.” 

Question 6: Are there model programs in other states or in other universities which Texas should 
emulate? 
 
Eighty percent said California programs serve as models for Texas to emulate, especially 
California’s stem cell research initiative. Other states cited by more than one administrator as 
having programs Texas should consider as models were Georgia, Michigan, New York, North 
Carolina, Pennsylvania, and Wisconsin. In all, 18 states were mentioned by administrators.  
 
 
FINDINGS REGARDING INTERVIEW TOPIC C: THE FUTURE RECOMMENDED 
DIRECTION FOR TEXAS RESEARCH SUPPORT PROGRAMS 

Question 7: What are current gaps and/or what research programs should the State of Texas 
aspire to fund in the next ten years?   
 
Most responses focused on either early stage, basic research or middle stage, transition research. 
The general topic of early stage research received the most responses, with 52% indicating there 
were gaps that required attention, including increased funding. The items mentioned most 
frequently were recruiting research stars; seed grants for newer researchers; early stage research; 
the ARP Program; and/or the RDF Program. One interviewee said, “Young investigators must be 
supported. Fortunately, it is possible to encourage and support young investigators with small 
catalytic grants which also allow numerically more grants to be awarded.”  
 
Twenty-two percent indicated that a high priority was more funding for ARP, either by itself or 
in conjunction with the ATP. One administrator said, “Ironically, the ARP and ATP programs 
are now the missing components.”  
 
Several respondents pointed to the value of the RDF Program and the need for it to be enhanced. 
One said, “The RDF Program is very useful to stimulate additional research capacity by 
augmenting existing faculty support and attracting outstanding new faculty but funding is 
nowhere near adequate.” 
 
Nearly four in 10 administrators focused on transition research phases of some kind. Some 
mentioned the need for funding to bridge transitions between the university and industrial 
sponsors. One participant said, “Gap funding is needed to take scientific discoveries to a point 
where they are attractive enough to attract private funding.” Another administrator described the 
need this way: “If there is a missing link it occurs where prototyping becomes critical. State 
funding could help an institution such as ours to make a better match between industry and 
research.” 
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Other administrators coupled gap funding problems with the need for an improved ARP 
program. One administrator said, “We need an ARP/ATP type program that is substantial. The 
legislature should fill the ATP funding gap.” Other current gaps in support funding mentioned by 
two or more administrators were: 
 

• Funding of university research infrastructure. 
• Support of large focused investment in a prioritized list of technologies or areas of 

research.  
• Support of collaborative efforts between various scientific disciplines and institutions. 

Question 8: In coming years, should an ARP-type program (early-stage basic research) continue 
to be part of a multi-program menu?   
 
A significant majority (86%) believe that an ARP-type program should continue to be part of a 
multi-program menu. Some administrators felt that it was extremely important that the ARP be 
continued. For example, one said, “Yes, it is absolutely essential that basic, investigator-initiated, 
high-risk research be funded.” Another respondent said, “Anything that comes earlier helps us. 
ARP has been incredibly valuable and the reduction in funding will very much be felt at our 
university.” 
 
Many administrators felt that modifications should be made. Examples of such responses 
included: 
 

• “Need to support basic research to facilitate the path toward translational, clinical 
research, etc. But, to be effective, the funding amount would need to increase. Also 
improved peer review would be essential.” 

• “The successful states have invested first and foremost and consistently in basic research. 
The principal parameter for determining awards to research programs should be 
demonstrated success in bringing in outside research dollars.”   

• “Yes, the ARP/ATP mix is the preferred mix of funding mechanisms for Texas. A clear 
requirement for industry collaboration should be a prerequisite to encourage the 
involvement that we need.”   

• “Yes, the ARP Program should be continued, but awards should be made with key grants 
that reward inter-institutional collaborations.”   

 
A few administrators did not support continuation of ARP, as illustrated by the following   
comment: “In one aspect, ARP type programs are funding the wrong segment of the 
organization. Rather than directly funding a single project, university research institutes and 
centers of excellence should be better resourced. Through building infrastructure, universities 
can benefit more from interactions with corporate research sponsors.”   
 
Question 9: Should private universities be included in the ARP?  
 
About six in 10 of the institutions responded to this question, and of those, a slight majority 
supported inclusion of private universities in the ARP. The other institutions thought private 
universities should continue to be excluded.  
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Those that favored inclusion of private universities based their responses on a variety of reasons 
such as economic development considerations, the value of collaborative efforts, and the State’s 
need to support the best science. Representative comments were:  
 

• “Privates should be included if the goal is statewide economic development. For 
example, Massachusetts integrates its privates in Boston into its economic development 
policy and the same is true in the San Francisco Bay area.”   

• “Awards should be made that reward inter-institutional collaborations. This could include 
private institutions so long as they were conducting research in cooperation with a public 
institution.” 

• “Eligibility for ARP is questionable. Rice and M.D. Anderson, for example, receive ATP 
awards. Privates have larger endowments, but the best science should be funded. If it is 
good science, no matter where it is, it should be funded.” 

 
The following comment was representative of responses that private universities should continue 
to be excluded from the ARP. “In a resource-scarce environment, public support for research 
should go to public universities first, and then to private schools.”  

Question 10: If only one significant funding program is possible, please describe that program.   
 
Fifty-five percent cited the need to support: early stage research, ARP, RDF, recruiting research 
stars, or young researchers. About half of the administrators in this group supported a single 
element program of basic research. Many specifically endorsed the RDF Program. For example, 
one of the interviewees said, “The Texas Research Development Fund (RDF) facilitates 
institutions entering into the federal mainstream for funding, and it should be expanded.”  
 
The other half of administrators in this group recommended multi-element proposals. Examples 
of multi-element recommendations are: 
 

• “Program that helps support a select number of star researchers from around the State that 
were clearly doing world class science in the research areas targeted by the State, 
regardless of the stage of their research.” 

• “Key elements as follows: main missions need to be to leverage research excellence and 
to adequately support infrastructure needs for research; focus on seed support that truly 
has the potential to significantly leverage outside support; help to recruit true superstars.” 

• “Appropriations to assist in the recruitment and retention of more top rank researchers at 
those institutions capable of recruiting and maintaining a critical mass of research stars. A 
significant increase of basic research (ARP) funding is needed, through a formula based 
on externally-funded research expenditures. Priority to tuition revenue bonds for research 
facilities at institutions with documented growth of externally-funded research and 
demonstrated research space needs. Provide incentives for the recruitment of the very 
best graduate students and post doctoral research fellows. Stimulate high tech/bio-tech 
development near research-university campuses....” 
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Another group of administrators, slightly fewer than one in five (18%), indicated support for a 
freestanding ARP or an ARP as part of a multi-element funding approach. One respondent said, 
“The best approach should be a combination of a revamped ARP and an ETF program. The 
focus should be on a more limited number of technology areas. Need to give enough so that the 
State becomes known as a leader in the more focused list of technologies.”  
 
Finally, twenty-seven percent of those who responded to Question 10, cited the need to support 
applied research. As stated by one administrator, the ideal research program ... “should be a 
combination of an ATP type component (faculty driven) and an industry driven ETF component. 
Program overall should be seen as seed money supporting technology development 
opportunities.”  
 
 
FINDINGS REGARDING INTERVIEW TOPIC D: ADVICE ABOUT RESEARCH 
MATTERS FOR THE HIGHER EDUCATION COORDINATING BOARD  

Question 11: What other advice would you offer to the Coordinating Board generally about 
research issues at Texas universities?   
 
Many responses focused on the ARP: 
 

• “The approach to the last ARP funding round was extremely cumbersome and placed too 
much emphasis on applied research priorities and did not necessarily allow for proposals 
that would explore areas where impact may be great, but less immediate.” 

• “Issues involving salary support and graduate student training should be revisited.”  
• “All funding for the ‘roots of innovation’ should be performance-based and self-

regulating to the extent possible.” 
• “Opening up ARP to private institutions should be a priority.”  
• “The HECB applications are much less attractive because the same amount of work 

required to complete the application can be dedicated to an NSF application with much 
greater probability for an award.” 

• “The HECB should seriously reconsider the funding period of their programs. A two-year 
cycle is often too short to make significant advancements. My recommendation to the 
Board is to provide more longevity and not to shut successful projects off so quickly 
relative to the time frame these technologies require for development.” 

• “All programs must be based on principles of peer review and investigator-initiated 
research, which has demonstrated its effectiveness through decades of NIH experience.” 

• “The ATP program should be brought back.” 
• “The quickest way to enhance national but focused research activity that will be 

successful with federal agencies is to continue to offer the Texas Research Development 
Fund that ‘seeds’ research and improves national competitiveness.” 

 
Some interviewees expressed their opinions about the merits and demerits of a philosophy that 
concentrates funding support versus a broad-based approach. Most comments addressed 
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institutional funding concentration while a few comments pertained to research area 
concentration. A representative sample of these comments is provided below. 
 
 

The HECB needs to be a clear and vocal advocate for expanding research at 
Texas universities, especially the leading research universities. The problem is 
how does the State limit the number of universities to the few that can do the most 
with the finite resources available?  Texas has two great research universities (A 
and B) and perhaps seven that aspire to that level.68 It probably needs five great 
research institutions to bring the state on par with California, New York, and 
others. That means that university C, university D, and perhaps university E 
should be receiving sufficient funds to reach that level, but there’s no consensus 
among the state’s political leadership to make this happen. 
 
Texas is resource poor in top-quality universities by any measure, not the least of 
which is AAU membership. Successful states focus their resources. Texas has to 
face the question of whether it wants to continue as a priority to formula fund its 
universities or to focus on the creation of a few world class research universities 
as is the proven model in the other states Texas aspires to compete with. If Texas 
wants to surpass the competition in the 21st century, it has to commit to fund one 
or a few of our universities into world class research university status that will 
propel statewide economic development. 
 
The Board should consider an approach that looks to cover broad general 
educational needs across the State, but focuses research support funds at those 
institutions that can make a national impact and offer the State significant 
leverage of outside funds and talent. 
 
Expand the research base for excellent research. The best way to build research 
is to invest in those institutions that can recruit and retain superior faculty. You 
judge that by external research funding. Provide infrastructure for the best 
research faculty who can attract and retain funding. Formulas shouldn’t be based 
on enrollment or the amount of square feet in an institution, because that merely 
encourages more students and more construction, not better science. Formulas 
change behavior. Formulas should be based on attracting outside research 
dollars; that will change the behavior at the institution and it will be good for 
Texas. Research dollars brought in from outside sources impact the economy and 
create jobs as much as commercialization efforts do, or more so. The Board 
should create a formula so that, after core infrastructure is provided, institutions 
that attract outside research funding dollars will be rewarded. There are too 
many conflicting and inconsistent approaches now. 
 
Excellence in research should be the goal of all HECB research initiatives rather 
than equalization of funding, which will lead to mediocrity. 
 

                                                 
68  Specific university names are masked.  
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Make sure you are providing enough funds for a smaller target group that will 
allow the State to really leverage significant amounts of outside resources (funds 
and people). 
 
Attempts to drive research priorities by choosing high priority research 
fields/topics and then finding institutions to perform the work is very risky. 

Some administrators voiced their support for inter-institutional collaborations as noted below.   

Texas hasn’t fostered inter-institutional collaborations well. 
 
In theory, a more rationale approach would be for institutions to concentrate on 
what they do best and not try to be all things to all constituencies. Specific 
programs should be established which would be problem-oriented and draw 
talents from multiple institutions. Incentives are important to this process and 
should be utilized to elicit institutional cooperation. In addition, funding should 
not be viewed as a zero-sum game—enhanced performances by institutions should 
lead to an expanding resource base rather than higher amounts for some 
institutions at the expense of other institutions. 

The Board should do all that it can to encourage and support research 
partnership efforts across the State. 

Some administrators felt there is a strong need to address the issue of the lack of research 
infrastructure and capacity at Texas universities. These comments included: 
 

Research infrastructure is the key.  

Building research capacity should be the key priority for the HECB. Focus on 
productive faculty, external funding, and a business model that identifies ways of 
improving all three of these. 

More funding for research infrastructure, as that is more important than any 
specific two-year grant for an individual researcher. 

Texas universities/agencies are facing significant problems trying to provide 
research instrumentation to make sure Texas stays competitive. A state-supported 
matching program might help for this problem. 

In addition to the above issues which drew comments from multiple administrators, there were 
other issues identified by fewer interviewees. These included:  
 

Virtually all campuses have faculty and graduate students involved in the creation 
of intellectual property. But there is little expertise at most campuses in terms of 
the technology transfer function. The state needs to focus on providing a 
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coordinating and training function to help each campus commercialize the 
intellectual property being developed. 

 
The state needs to facilitate the creation of a state-wide database that tracks the 
research interests of all faculty. “Research interest” might need to be defined in 
terms of research expenditures by funding agency. 
 
Texas must provide better education for new groups of people that make up its 
population base. 
 
We can’t jump to the end and forget what is happening upstream. It’s the same 
thing as in training future minority students by starting in elementary school and 
bringing them along the entire way. It’s tempting to jump to the end but that will 
not work. There is a compendium of funding streams that need to be in place. 
 
Critical issues are faculty recruitment and retention. The cost of startup packages 
for faculty is a major issue. 

 
 
5.2 National Research Leaders 

SUMMARY 
 
Eight national leaders in the area of technology-related research were interviewed about state 
research programs. Seven specific questions were asked, and key findings are noted below.   
 

• Commercialization of university research is being hindered primarily by insufficient 
understanding of commercialization issues, as well as by a culture that does not reward 
faculty for commercialization. 

• Lack of funding, inappropriate federal and state regulations, and insufficient qualified 
science and technology students are limiting research advances at universities.  

• A variety of measures for assessing research performance were recommended. 
• There was a clear consensus that state support of academic research was declining.  
• California research initiatives were identified as models. 
• No clear consensus emerged regarding the types of programs that should be supported, 

although there were preferences that basic research should be supported by the federal 
government, late-stage research should be funded primarily by industry, and states might 
focus their resources on middle-stage transition research. Others believed that research 
support should not be oriented toward any particular stage, and some interviewees 
emphasized that each state should establish its own research program, based upon its own 
state and university strengths and goals.    
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INTRODUCTION 
 
Phone interviews were conducted in April and May 2006, and each person was sent a copy of 
their interview summary to review and edit. Those interviewed are listed below in alphabetical 
order: 
 

• Dr. Dan Berglund, Executive Director – State Science and Technology Institute 
• Dr. Richard Bissell, Executive Director, Policy and Global Affairs – National Research 

Council 
• Dr. Harvey Fineberg, President, Institute of Medicine – National Academies of Science 
• Dr. Neal Lane, former Director of the National Science Foundation and Assistant to the 

President for Science and Technology. Dr. Lane is currently Senior Fellow at James A. 
Baker III Institute for Public Policy, Rice University. 

• Dr. Kenneth Shine, former President, Institute of Medicine. Dr. Shine is currently 
Executive Vice Chancellor for Health Affairs, The University of Texas System. 

• Dr. Albert Teich, Director of Science and Policy Programs – American Association for 
the Advancement of Science 

• Dr. Charles Wessner, Director of Technology and Innovation Department – The National 
Academies  

• Dr. William A. Wulf, President – National Academy of Engineering 
 

 
FINDINGS REGARDING INTERVIEW TOPIC A: THE MOST SIGNIFICANT 
RESEARCH AND COMMERCIALIZATION ISSUES FACING U.S. UNIVERSITIES  

Question 1: What barriers exist to greater commercialization of research at our universities? 
 
Two barriers dominated responses from interviewees: 
 

• The skills of staff members in technology licensing offices (TLO) and/or the general 
understanding of commercialization issues at universities.  

• The conflicts associated with universities’ academic cultures and various potential 
conflicts of interest among faculty and staff.   

 
Seven of the eight interviewees mentioned the barrier associated with skills of the TLO staffs 
and understanding of commercialization issues. One of the interview participants described the 
problem this way: “Many universities find it hard to effectively negotiate and close deals. The 
commercialization function, at times, is like a foreign graft onto the native tissue at many 
universities.” Dr. Teich said, “There is a general lack of understanding of intellectual property 
(IP) issues at many universities. This normally leads to protracted and very difficult negotiations 
with companies for licenses.” Dr. Teich believes, however, the situation is improving at many 
major research universities. One respondent cited the University of Wisconsin as an example of 
how a university can effectively manage technology commercialization. 
 
Five of the eight interviewees cited barriers associated with university culture or potential 
conflicts between university goals. Dr. Teich said, “A significant barrier is conflicts within a 
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university between commercialization and an open research environment. Both the missions of 
research to support education and to support commercialization objectives need to be addressed.” 
He noted that it helps if a university recognizes the conflict. Another interviewee said, “At many 
universities there are ongoing conflicts between the mission of the university and industry. These 
conflicts can center on things like student time and degree of involvement, income sources for 
students and faculty, and faculty time conflicts.” Dr Wulf summarized the problem this way: 
“Because of the typical culture of our universities and the value system of staff and faculty, there 
is normally a significant lack of understanding of what it takes financially and intellectually to 
turn a research idea into a marketable product.” 
 
Six other barriers to commercialization were mentioned: 
 

• Allocation issues regarding licensing revenue from intellectual property; 
• Partnering with industry; 
• Limited SBIR support for university start-up ventures; 
• An insufficient number of university-based incubators, especially those that have 

facilities capable of clinical trials; 
• Inadequate state support of key research efforts; and 
• Costs to develop and maintain a quality intellectual property portfolio. 

 
One respondent summarized the current set of problems that negatively impact effective 
commercialization from U.S. universities as follows:  
 

“Tech licensing offices are measured on the amount of revenue they generate for 
universities. Sometimes university administrators have no understanding of the 
trade-offs that TLOs can make in terms of licenses versus equity, as well as the 
resources required to generate new resources in the future. Few legislators have 
any understanding or interest in tech transfer and that is also the case for most 
executive branch officials. Because of this set of circumstances, there is 
underinvestment in TLOs and considerable rhetoric, but little new thinking, about 
commercialization of research from universities.” 

Question 2: What are the major issues involving research today at U.S. universities?    
 
Most interviewees cited four general research issues: 
 

• Need for more qualified students in university research-oriented degree programs; need 
to avoid a shortage of high technology human capital; 

• Numerous state and federal policies and regulations that are negatively impacting  
universities; 

• Lack of adequate state and federal funding for university research, research 
infrastructure, and research equipment; and 

• Policy and culture conflicts between the university and its various stakeholders. 
 
It was noted that student-related issues permeate not only universities but elementary and 
secondary school systems. Dr. Bissell said, “We do not have enough good K-12 students going 
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into the math and science majors. Improvements are needed in our school curriculums. 
Universities can play a role in building links with K-12 programs and have shown success in 
increasing student interest. Teacher quality tends to be the number one issue. Many more 
advanced placement level teachers are needed.” He went on to describe the main student issues 
within our universities as follows: “There is the internal dropout rate issue as some universities 
still adhere to the ‘washout’ philosophy in their science and math curriculums. Universities need 
to provide more realistic advice to students on future employment possibilities and career 
expectations. Student debt can discourage the better students from proceeding with research 
paths. NDEA type fellowships might help.”   
 
Dr. Wessner identified a regulation-based issue: “Due to the current political climate, the H1B 
Visa program for technology-oriented foreign applicants had been reduced from 200,000 to 
65,000. In the past, this has been a significant source for research-oriented students.”  
 
Dr. Wulf also cited the visa policy and other current federal policies he believes are having a 
chilling effect on research efforts, such as “deemed” export controls, and the undefined 
“sensitive but unclassified” designation to control access to some information. Dr. Wulf also 
noted that patent and FDA regulations might be out-of-date: “Some of the traditional government 
components of the environment that used to support innovation are now negatively affecting 
innovation in the U.S. For example, the patenting system was developed for macroscopic 
physical machines and might not make as much sense for today’s biological-related technology. 
Also, the FDA’s gold standard of drug evaluation (randomized, double blind trials) does not 
necessarily work for some of the new drugs and therapies that are designed for a specific 
individual.”  
 
Other participants noted the increasing importance of “ethical” and “non-scientific” discussions 
about stem cell and nanotechnology which are affecting traditional scientific and research issues. 
 
Several felt that a significant issue is lack of adequate state and federal funding for university 
research and research related infrastructure and equipment. Dr. Lane described the overall 
problem as follows: “Federal Budget – The research budget has been flat, in terms of constant 
dollars, for the physical sciences for a long time. Biomedical research had been doing well but its 
budget has also been flat in the last few years. Today, the focus has become too limited to that of 
defense and homeland security. Bush’s proposal to increase the NSF budget is a good step in the 
right direction, but there have been cuts in many popular programs, and overall research funding 
is down; hence his proposals may not make it through the full appropriations process and 
certainly will have difficulty in future years.” 
 
Dr. Wulf and Dr. Wessner also identified inadequate funding of university research. Dr. Wulf 
noted: “World class research is being hampered at U.S. universities because of inadequate 
funding for new research facilities and renovation of existing facilities, especially in the physical 
sciences and engineering. In addition to the research that is not being done because of inadequate 
funding, that which is done is increasingly incremental. When funds are scarce, those that 
provide the funds and researchers alike become more risk averse, and hence incremental.” Dr. 
Wessner said, “Funding amounts and sources for faculty and students and political support for 
their mission are currently significant issues. We need sustained state support for core funding 
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for universities. Researchers and universities need freedom of management in light of the many 
(at times conflicting) priorities that must be balanced and addressed. There is a need for more 
research-oriented matching funds from private and public partnerships. Stanford and MIT are 
good examples of successful programs of this type.”  
 
 
FINDINGS REGARDING INTERVIEW TOPIC B: THE CURRENT STATE OF 
SUPPORT FOR UNIVERSITY RESEARCH  
 
Question 3: How should a state’s performance be judged in supporting academic-oriented 
research?    
 
Various performance factors were identified, including:  
 

• Economic development and job creation; 
• Leveraged dollars–The degree to which a state’s investment elicits federal investments 

and private investments; 
• Multi-phase and high impact research–Does the state choose to back research requiring 

multiple phases and issues that have a profound impact on its citizens, like energy, 
greenhouse gases, and elder care? 

• Faculty and research students–Does research improve the quality of faculty and research 
students by attracting and retaining them in the state? 

• Venture capital–Is venture capital being attracted to the state because of the state’s 
research initiatives? 

 
Two of the respondents emphasized the relationship of goal setting and performance evaluation. 
Dr. Teich said, “This will completely depend on the priorities and goals that a state has set. If it 
is jobs, you track one set of metrics, if it is growth in the tax base then there is a different set, 
etc.” The second interviewee noted that metrics should tie directly to the goals which are 
established by the universities or for the universities. He said the metrics can be oriented toward 
basic research, applied research, or later stage commercialization outcomes.  
 
Dr. Wessner argued that different performance factors need to be evaluated for the two main 
stakeholders in the state, voters and the state’s elected political leaders. “For the voters, two 
likely metrics are facilitated employment and commercial successes. The public needs to be 
educated on the potential for research to be one of the prime sources for economic growth and 
that it can be an employment machine because it is the pathway to the next generation of 
industry and jobs. A lot of the country’s current success grew from the previous generation’s 
substantial and sustained investment in research.” 
 
For elected political leaders, Dr. Wessner thought that the metrics should include leveraging 
effect on federal funds, leveraging effect on private funds, company growth, types of faculty and 
students attracted to the state, number of publications, and intellectual property generated. 
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Dr. Richard Bissell provided references to two recent attempts to quantify a state’s support for 
research. The first is from a recent presentation by a researcher at the Milken Institute.69 The 
State Technology and Science Index–Research and Innovation Analysis Tool includes five 
factors, and states are ranked in one of four tiers on each: 
 

1. Research and development inputs;  
2. Risk capital and entrepreneurial infrastructure;  
3. Human capital investment;  
4. Technology and science workforce;  
5. Technology concentration and dynamism.  

 
Dr. Bissell also cited The Morrison Institute for Public Policy work in developing measures of 
the knowledge economy: 
 

• Connections—the networks developed among researchers, entrepreneurs, and venture 
capitalists that help transfer knowledge and generate economic opportunities 

• Attention—the “buzz” generated by research and research networks that attracts 
businesses, private investment, and highly skilled workers to a region 

• Talent—the top scientists, students, and technically skilled workers who help make a 
region fertile ground for research, innovation, entrepreneurship, and economic growth. 

Question 4: Is the trend for state academic-related research going in the right direction? 
  
There was a clear consensus that the trend for state support of academic research was downward, 
and some voiced a great deal of concern. Dr. Bissell said, “Trend for state support is seriously 
degrading. Faculty are trying to turn to the federal government and industry to take up the slack, 
but the percentage of the federal budget for research, generally flat, is going to be squeezed 
downward in the future owing to the research budget accounts being in the ‘discretionary part’ of 
the federal budget.” One of the respondents indicated that the trend for Texas is clearly in the 
negative direction for fundamental research. 
 
Texas’s ARP and ATP programs were specifically cited by one of the participants. He said:  
 

To some extent, ARP and ATP have always been outliers among state science and 
technology programs. They were unusual when they were created in the degree of 
freedom provided on research fields and in the way they were administered. Even today 
they are fairly unique in that they do not have explicit economic development goals and 
in the number of research fields permitted, although that has been narrowed in the most 
recent ARP competition. The current trends in support for university based-research are: 
(1) more basic research but in targeted research fields juxtaposed with (2) flat or 
declining resources for state universities. It is a totally schizophrenic approach.   

 
                                                 
69 Capitalizing on the Gathering Storm: The Role of Research Investments and Job Creation. Massachusetts is in the 
top three tiers on all factors and California also ranks highly. Texas’ ranks were: Research and Development Inputs 
– third tier; Risk Capital and Entrepreneurial Infrastructure – third tier; Human Capital Investment – third tier; 
Technology and Science Workforce – within top 10 states; Technology Concentration and Dynamism – second tier. 
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Question 5: Are there model state-supported university research programs that should be 
emulated by Texas and other states? 
 
Six interviewees mentioned one or more California initiatives or programs. These included 
SBIR-type support that mimics the federal program; biomedical support, including their stem 
cell research initiative (Institute for Quantitative Biomedical Research); and University of 
California System programs. 
 
Three other state programs or initiatives were mentioned by more than one of the participants: 
Maryland’s support for the middle stage of biotech research, Michigan’s support for biomedical 
research, and New Jersey’s initiatives for biomedical research.70 
 
 
FINDINGS REGARDING INTERVIEW TOPIC C: RECOMMENDED FUTURE 
DIRECTIONS FOR STATE RESEARCH PROGRAMS  

Question 6: What are some approaches a state should consider when deciding on an investment 
approach for the three main types of university research: early stage basic research; middle 
stage transition research; and late stage commercialization oriented research? 
 
Half of the respondents voiced the opinion that all or most of basic research was best funded by 
the federal government. They felt that a state has a harder time illustrating the benefits of basic 
research for its citizens. One interviewee noted that predicting what new idea will win in the 
marketplace is highly risky. Another thought it is more effective to focus on an overall research 
pathway that targets a state’s goals. Dr. Wulf cited the traditional DARPA philosophy as 
deserving of serious consideration: pick a problem and then fund the research that is necessary to 
solve the problem, whether the research is early-stage, mid-stage, or late-stage. This approach 
was based on industry’s strength in “productizing” research and the recognition that solving 
research-oriented problems normally took years.  
 
Four interviewees expressed the opinion that late-stage research was best supported by industry. 
Dr. Teich said, “Most times, a state’s investment in the tail end of the process is not very 
effective. Investment in a university’s translational research needs tends to have more of a 
payout for the state.” Dr. Bissell argued that most late-stage research should be supported by 
industry funding, since it has to be relevant to the marketplace. Dr. Lane noted that industry 
funds most R&D (twice the federal investment) and that their investments made it possible to 
have total national R&D funding approaching 3% of GDP in the past, although the current level 
is about 2.6% of GDP.  
 
Dr. Wessner strongly endorsed state support for later stage research. Dr. Wessner said, “Later 
stage research is where a state should focus its support and I am very impressed with Texas’ new 

                                                 
70 Other programs identified by one individual were: Arizona – Proposition 301; Connecticut – Biomedical 
initiatives; Georgia – Georgia Research Alliance; New York – NYStars; Ohio – Third Frontier Project; Texas – ETF 
Program; Utah – Centers for Excellence; and Wisconsin – programs for new research facilities. 
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ETF Program. Providing SBIR-type awards for small technology startups is an ideal approach. 
They can be small but need to have the potential to be renewed.” 
 
Three participants indicated that states should focus on the middle, or transition stage, of 
university-related research. They felt that this is currently the most important need from a 
university’s perspective, but it is given much less attention.  
 
One interviewee challenged the roles of advocates for any particular part of the research 
spectrum. He said, “Decisions need to be based on how best to achieve the goals and objectives 
of the state. It is important to be aligned with goals and to build from strength.” In fact, several of 
the respondents cited goal-related approaches as the best strategy. 
 
Another respondent questioned specialization of investments by any state. He thought it might be 
more effective to focus on an overall research pathway that targets a state’s goals. To do this, 
however, a state must establish a clear concept, take a long term constant approach, and use a 
scale of investment that is realistic for success.   
 
One participant summarizes the dilemmas and approaches:  
 

There is no easy or “a priori” answer as each state must take account of their strengths 
and weaknesses at their universities and also their current economic development 
conditions and their goals. This will involve assessments by individual university 
administrators at their university, assessments and decisions across multiple universities 
within a state, and their regional, national, and in some cases international roles as 
universities. Individual universities are at different stages of development as are 
individual states, and while there may not be a linear approach to advancement, a 
university with modest research capabilities at the moment will not pursue the same 
strategy as an MIT. Each university and state will need to establish its own goals for its 
university-based research, and that often will guide them in choosing what types of 
research to support.   

 
Several other topics were raised by one or more of the participants. Dr. Lane said, “Positive 
economic development outcomes tend to have a strong appeal to voters.” 
 
Another interviewee said, “A state needs to maintain a focused effort in regard to financial 
support for research versus a populist approach of spreading a little money everywhere. For a 
research effort to achieve world class status there needs to be a critical mass of three key 
elements—star researchers, equipment, and facilities.” Dr. Bissell, noting that it can be very 
expensive to recruit research stars aggressively, suggested an alternative of supporting several 
home grown associate professors, one or more of whom might become stars. 
 
Question 7: If state could reasonably support only one significant funding program, please 
describe that program. 
 
Most responses emphasized a particular part of the research spectrum which should be supported 
or referred to goal-oriented state strategies. For example, Dr. Bissell said, “States should target 
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the middle stage of research. Maryland is a good example in regard to biotech. They started with 
some good building blocks in terms of universities and companies. Their programs helped 
develop linkages and focus on the middle area of research.” 
 
Dr. Lane noted that states fall into two main groups of research support, EPSCoR and non-
EPSCoR states. EPSCoR states are those that receive significantly less federal R&D funding 
and, hence, qualify for EPSCoR.71 Dr. Lane said each group of states (EPSCoR and non-
EPSCoR) should use a different approach. EPSCoR states should invest more broadly to 
encourage the basics that in turn help attract the best people, resulting in their ability to be more 
competitive. “The idea here is for each EPSCoR state to design the program that gets the biggest 
bang for the buck, i.e. has the greatest chance of lifting a group of faculty to a competitive level, 
where they can get the grants on their own. This often means an investment in infrastructure, 
including equipment that the institution has not been able to afford.” In contrast, non-EPSCoR 
states should focus on very targeted or big technology projects that may engender major 
advances and could be a catalyst for industry investment. 
 
 
5.3 Technology Licensing Officers 

SUMMARY 
 
Officials responsible for technology licensing at twenty-one Texas universities and academic-
oriented institutions were contacted regarding the same general research topics and issues posed 
to university administrators and national research leaders. Findings are provided below. 
 

• Opinions were mixed about whether support was improving or declining for research at 
their universities. 

• Many officials identified gaps in funding at key transition points in the university 
research spectrum where help is often required to move technology to the next stage.  

• Opinions were diverse about which types of research support should be emphasized in 
the next decade.    

• Most respondents supported the continuation of the ARP.  
 
 
INTRODUCTION 
 
Officials responsible for technology licensing at twenty-one Texas universities and academic-
oriented institutions were contacted via e-mail or telephone in December 2005 and January 2006 
regarding the same topics and issues posed to university administrators and national research 
leaders. Nine individuals provided independent responses and are listed below in alphabetical 
order: 
  

                                                 
71 Twenty-five states, the Commonwealth of Puerto Rico, and the U. S. Virgin Islands currently have an EPSCoR 
designation. Through this program, NSF establishes partnerships with government, higher education and industry 
that are designed to effect lasting improvements in a jurisdiction's research infrastructure and its R&D capacity.   
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• Baylor College of Medicine: Ms. Lynne Schaefer, Director, Baylor Licensing Group  
• Southern Methodist University: Dr. Larry Smith, Director, Research Administration & 

Technology Management 
• Texas A&M University-Corpus Christi: Dr. Harvey Knull, Graduate Dean, Associate 

Vice President Research and Scholarly Activity 
• Texas Tech University: Mr. Lance Anderson, Managing Director, Technology Transfer 

and Intellectual Property 
• University of Houston System: Mr. John Warren Jr., Associate Vice Chancellor for  

Intellectual Property Management 
• University of North Texas: Dr. Don Henley, Associate Vice President for Technology 

Transfer 
• The University of Texas Health Science Center at San Antonio: Mr. Alan H. Dean, 

Director, Office of Technology Ventures 
• The University of Texas Medical Branch: Dr. Jim Arie, Director, Center for Technology 

Development 
• The University of Texas at San Antonio: Mr. Ruben S. Lopez, Manager, Technology 

Development72 
 
 
FINDINGS REGARDING THE SIX QUESTIONS POSED TO THE TECHNOLOGY 
LICENSING OFFICERS  

Question 1: How successfully is the state currently providing research funds? 
 
Three respondents felt that currently the trend for Texas research support was in a downward 
direction. One these respondents said, “Current research funding is relatively low compared to 
other research-leading states on a per capita basis.” 
 
Three other participants noted current successes and felt that Texas research support was in an 
upward direction. They pointed to the current ETF and RDF programs. One person said, “It is 
getting better. With the ETF set up, there is at least some opportunity to address early stage 
commercialization.” Another respondent said, “The Texas Research Development Fund (RDF) is 
serving this university very well.  It is seeding the research activity of nearly two dozen faculty 
members and even in this short time has generated more for the university than the total award to 
the university. Within two years, the monies from this fund will bring several new faculty 
members to the point of having federal funding.” 

Question 2: What are the major gaps or missing funding links, if any, which need to be 
addressed? 
 
Five respondents noted gaps in funding at key transition points in the university research 
spectrum where help is often required to move technology to the next stage. One respondent 
said, “The missing links continue to be early-stage basic research follow-through, and later-stage 

                                                 
72  Several others demurred because they were aware that their administrative superiors at their university would be 
interviewed and several provided views during group interviews. 
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translational research follow-through. Many of our scientists have expressed a desire for just a 
few thousand dollars of funding to prove a concept in order to obtain further NIH funding or a 
reduction to practice of a more developed invention or idea.” Another official said, “Investment 
in research needs to be stable and consistent, especially for basic research that does not attract 
other funding.”  
 
Transition funding after the basic research phase was pinpointed by another official: “My 
experience with faculty that submit invention disclosures is that the researcher/inventor needs a 
small amount of additional funding to perform additional experiments, build a prototype, and so 
forth. The application for the Emerging Technology Fund seems to favor ideas that have 
generated market interest or collaboration with an existing business. Funding is needed for 
research that will provide validation of a basic idea, but is too nascent for market or commercial 
interest.” 
 
Two other participants emphasized the need for funding that moves technology to a pre-
commercialization point. One said, “There is a major gap in funding for applied technologies that 
have been invented and protected via patenting at the university level. Without funding to get a 
technology developed to the point that it is of interest to venture capitalists or private companies 
(i.e., through the ‘valley of death’), the technology is of little value to the State and the 
university.” The other respondent noted the value of the ATP and TDT programs as helping to 
address that need.  
 
Question 3: What research programs should the State of Texas aspire to have in the next ten 
years? 
 
Only four respondents provided views, and each suggested a different emphasis.  
 
One encouraged the continuation of the ATP program: “Rather than eliminating the ATP/TDT 
program, the ETF program should have been added on to the end of that program.” 
 
One encouraged early stage research support: “The continuation of a fund like the Texas 
Research Development Fund (RDF) is essential for bringing new faculty to a point where they 
are competitive nationally—it is too difficult to get there without ‘seed money’ like the RDF.” 
 
A third individual noted the need for funding of applied technologies that have been invented 
and protected via patenting at the university level. The fourth respondent suggested having 
monies provided directly to the institutions for commercialization, based pro-rata upon research 
expenditures and patent activity. 

Question 4: Is there any research program offered by another state that would serve as a model 
for Texas? 
 
Programs in Georgia, California, and New York were mentioned. The Georgia Research 
Alliance’s Eminent Scholars Program was lauded for attracting 50 renowned scientists to the 
state.  
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Question 5: In coming years, should an ARP-type program (pre-prototype, early stage basic 
research) continue to be part of a multi-program menu? If so, how would it best fit within this 
spectrum of research support? 
 
Seven respondents supported the continuation of an ARP-type program as part of a multi-
program menu, although several recommended modifications. Comments included: 
 

• “Yes [ARP-type program should continue], if it is used primarily to encourage or 
attract (leverage) federal funding, or if it is on topics that are uniquely of interest to the 
people and economy of Texas.”  

• “Absolutely. An ARP-type program is essential to the future economic development of 
the state. This activity is necessary to attract and to keep students trained in the State of 
Texas to stay in Texas and contribute to wealth development of the state. This activity 
should be based in some way on the relative merits of the importance of the research 
area; i.e., how likely is the research (area and effort) to contribute to the wealth of the 
state and the nation.” 

• “Yes, ARP should continue, but perhaps the universities could decide which projects at 
their campuses should receive these funds.” 

Question 6: What advice would you offer to the Coordinating Board generally about research 
issues at Texas universities? 
 
Responses mostly were related to how the commercialization of university research could be 
facilitated. Specific quotations from respondents were: 
 

New company formation based upon funded research is crucial. These companies 
ultimately will not only be important economically, but can provide substantial 
research support for the universities, and serve to attract a higher caliber of 
researchers and entrepreneurs. 
 
Taking research to commercialization is a long term commitment that consists of 
a number of steps. To attract industrial support, there needs to be a progression 
from basic research to applied research, then to industrial partnership for 
engineering prototype, and finally production prototype. Currently, there is a gap 
from proof of concept to engineering prototype which does not allow us to attract 
industrial partners. 
 
If higher education is to be the primary driver of economic development for the 
State of Texas in the future, then Texas must be willing to step up to the plate and 
increase its funding of applied research. There should be profound changes 
within the universities that would encourage and reward researchers to practice 
inventing, innovation and patenting, as opposed to strictly publication of 
research. In addition, certain areas of applied research should be established as 
priority areas for funding as "State Initiatives." Several areas come to mind and 
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include nanotechnology (with all its interdisciplinary and cross-over relations), 
materials science, biotechnology, and engineering. 
 
Research at Texas universities is a literal gold mine, and with care in nurturing 
and accelerating the commercialization process, it will work. Entrepreneurial 
spirit is alive and well within the universities. It should not be required that all 
‘deals’ be recognized as venture capital deals. Universities can put the 
infrastructure in place, but at some point, critical gap funding is needed. In other 
words, leverage our institutions’ deals by building the value within to capture 
more value chain.  

 
 
5.4 Principal Investigators’ Comments on Research Programs and  
State Research Strategy 
 
SUMMARY 
 
The ARP principal investigators were asked to provide their perspectives about current research 
challenges, research priorities, and future research initiatives.  
 

• The two current challenges cited most frequently were the need to provide resources for 
more basic or risky research and insufficient research funding levels in general.  

• Principal investigators’ preferred portfolio of research programs was (1) funding for more 
projects in specified research areas, including current eligible research fields, new 
research fields, and some no longer eligible for funding; (2) funding more basic or high 
risk research; and (3) elevated funding for current programs.  

• Approximately 85% of principal investigators support continued or enhanced basic 
research with the three most commonly cited reasons being: (1) basic research is the 
foundation for later applied research; (2) basic research funds are critical in providing 
seed funding for federal grants and for new researchers; and (3) basic research is 
important because of its role in training students and attracting/retaining strong faculty.  

 
 
INTRODUCTION 
 
The final section of the PIs’ survey asked respondents three questions regarding their opinion 
about research programs in Texas. The questions were: 
 

1. What are the major gaps or missing funding links in these programs, if any, that need to 
be addressed? 

2. Ideally, what research programs should the State of Texas aspire to have in the next ten 
years? 

3. In the coming years, should an ARP-type program (pre-prototype, early-stage basic 
research) continue to be part of a multi-program menu? If so, how would it best fit within 
this spectrum of research support? 
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The response fields for these questions were open-ended, and each PI could write extensively or 
leave the field blank. The response rate for these three questions was significantly lower than the 
overall response rate for the survey.73 The percentage of respondents who answered each of these 
questions is shown in Table 5.1. 
 
 

Table 5.1 Response Rates 
 

 Q1 Q2 Q3 
Multiple Project PIs 43.59% 47.44% 51.28% 
Single Projects PIs 43.86% 45.07% 47.40% 
Total 43.79% 45.64% 48.85% 

 
 
Responses were coded into categories for each individual question. A small number of responses 
were multifaceted and counted in two separate categories. Each question and category is 
discussed in detail in the following sections. 
 
 
FINDINGS REGARDING QUESTION 1: MAJOR GAPS 
 
The first of these questions asked PIs to identify any “major gaps or missing funding links” that 
needed to be addressed. The most common responses to this question are shown in Table 5.2.  
More detailed information about each of these categories is included below. 
 
 

Table 5.2 Major Gaps and Missing Funding Links 
 

 
                                                 
73 This may be because these were the last three questions and respondents were eager to finish, or because 
questions were open-ended and required more effort.  

Category Percentage of Responses  
Need to Fund More Basic or Risky Research   16.85% 
Dedicate More Funds 16.48 
No Gaps 13.86 
Poor Quality Review Process or Feedback on Review Process 6.37 
Criticism of ETF or Downsizing of ARP 5.62 
There Should Be Longer Grant Durations or Renewals 5.62 
Criticism of Internal Review Process at University Level 4.87 
Inconsistent Funding Creates Problems for Laboratories 2.62 
Problems with PI Salary Limitations 2.25 
No Direct Room for Interdisciplinary Projects 0.75 
Other (Not Classifiable)  24.72 
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Need to Fund More Basic and/or Risky Research 
About one of every six PIs said there is a need for Texas to fund more basic and/or risky 
research. Many PIs stated that this type of research was an essential foundation for further 
research and commercialization and that it was insufficiently funded in the current system. Some 
PIs pointed out that funds for early stage research are difficult to secure at the federal level and 
that the State of Texas should provide funds for these opportunities. Finally, a number of PIs said 
that there was too much of an emphasis on commercialization in the current award criteria.  
 
Dedicate More Funds 
A substantial number of these responses suggested that more funds be dedicated to these 
programs. They suggested that the current level of funding was insufficient to adequately fulfill 
the goals of programs.  
 
There are No Gaps 
Many PIs indicated that they saw no gaps that they thought needed to be addressed.  
 
Poor Quality Review Process or Feedback on Review Process 
A small percentage of PIs criticized the ARP review process. The criticisms varied widely. Some 
said that the review process was inconsistent and that the best projects were often not chosen. 
Others criticized the composition of review boards, claiming that some boards did not possess 
sufficient expertise to assess adequately project proposals. Other PIs felt the feedback process 
was inadequate and that insufficient reasons were given about why a particular proposal was not 
chosen. 
 
There Should Be Longer Grant Durations or Renewals 
A small number of responses recommended that grant durations be expanded or that there be an 
opportunity to renew the grant for particularly successful projects. Most of these PIs said that the 
current two-year time span was too short to accomplish significant research. 
 
Criticism of ETF and/or Downsizing of ARP 
Some respondents sharply criticized the implementation of the ETF in lieu of the ATP as well as 
the downsizing of the ARP program. Many suggested the ATP be reinstated and more funds be 
provided for ARP. Criticism of the ETF among this group was severe with many saying it was 
too focused on technology transfer and others asserting that projects funded under ETF would 
have been funded by industry without state support.   
 
Criticism of Internal Review Process at University Level 
Some PIs adamantly criticized the initiation of a university internal review process for proposals 
as occurred in the most recent ARP competition. PIs complained that this requirement politicized 
the grant award process and caused projects to be chosen for reasons other than the quality of the 
science.  
 
Inconsistent Funding Creates Problems for Laboratories 
A small number of PIs mentioned that inconsistent funding makes it hard for laboratories to 
sustain quality research over a period of years. 
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Problems with PI Salary Limitations 
A small number of PIs complained that PI salary limitations, particularly restrictions on summer 
salaries, impeded the usefulness of ARP funds.   
 
Other (Not Classifiable) 
Question 1 had many diverse responses that could not be assigned to one of the aforementioned 
categories. These included such items as the need for more resources to be dedicated to 
incubation efforts and suggestions that certain research areas be funded more substantially. 
 
 
FINDINGS REGARDING QUESTION 2: PREFERRED RESEARCH SYSTEM 
 
Question 2 asked respondents to describe their preferred portfolio of research programs to which 
Texas should aspire in the coming years. The most common responses to this question are shown 
in Table 5.3. A more detailed discussion of each of these categories follows these data. 
 

Table 5.3 Preferred Research Program Portfolio 

 
 
Fund More Research in a Specific Area 
The most frequent response by a substantial margin was that Texas should fund more projects in 
a specified research area. The areas mentioned varied widely and included many current research 
fields as well as neuroscience, biotechnology, alternative and sustainable energy sources, and 
areas no longer supported such as social sciences.   
 
Fund More Basic or High Risk Research 
Comments were similar to those in the previous question about basic research—many 
respondents stated that funding for basic research is essential to developing applied research 
while others mentioned that it is difficult to secure federal funding for high risk projects, and it 
would be beneficial if Texas had a grant program explicitly for this purpose. 

Category Percentage of Responses 
Fund More Research in a Specific Area    31.85% 
Fund More Basic and/or High Risk Research 17.20 
Continue Current Programs with Consistent and Strong Funding 13.38 
The ARP with Sufficient Funding 11.15 
Reinstate the ATP and Restore the Program to Previous Funding Levels 6.05 
Make Supporting Students or Young Researchers the Highest Priority 4.14 
Create Room for Interdisciplinary Research 2.87 
Have Longer Grant Durations or Renewals 1.27 
Provide Bridge Funding for Researchers between Federal Grants 0.64 
Other 11.46 
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Continue Current Programs with Consistent and Strong Funding 
Many respondents were satisfied with the current mix of programs. Others, while satisfied with 
the portfolio of research opportunities, indicated funding had been insufficient in recent years 
and funding should be restored to previous levels or higher. 
 
The ARP with Sufficient Funding 
About 1 in 8 PIs responded that their preferred research structure would be similar to ARP, but 
criticized funding cuts.  
 
Reinstate the ATP and Restore to Previous Funding Levels 
A number of researchers expressed disappointment that the Advanced Technology Program was 
no longer in the research portfolio. They stated that their preferred research portfolio would 
include the current programs in addition to ATP and that they would be funded at levels much 
higher than the current amounts. Some PIs in this category also indicated their dissatisfaction 
with the ETF. 
 
Make Supporting Students or Young Researchers the Highest Priority 
Some PIs said the highest priority should be supporting students and young researchers, noting 
the benefits these programs provide for students. Other PIs described the difficulties for new 
researchers in establishing their laboratories and indicated that the State of Texas should support 
young researchers as they launch their careers. 
 
Create Room for Interdisciplinary Research 
A small number of PIs mentioned that there should be a program explicitly for interdisciplinary 
research among the spectrum of grant programs.  
 
Have Longer Grant Durations or Renewals 
A few PIs said that current grant durations were too short to allow for substantive research to be 
conducted and that there should be a possibility of renewal for exceptional projects, if longer 
cycles for all projects were impractical.  
 
Provide Bridge Funding for Researchers between Federal Grants 
A small number of PIs stated that there should be resources available specifically to provide 
bridge funding for researchers between federal grants.  
 
Other (Not Classifiable) 
This category included a variety of responses that could not be classified into one of the above 
sections.  
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FINDINGS REGARDING QUESTION 3: ARP IN THE FUTURE 
 
Question 3 asked researchers to express their opinions regarding the continuation of a basic 
research program such as the ARP in the Texas spectrum of research support. The large majority 
(85%) of PIs said that a basic research program should continue to be included. These responses 
were divided into categories based on their reasons as shown in Table 5.4. More detailed 
information about each category follows those data.  

 
Table 5.4 Inclusion of ARP in Future Research Program  

 
 
Yes, Basic Research is A Precursor to Develop Applied Research 
PIs in this group stated an ARP-type basic research program was essential because basic research 
is the foundation for later applied research. Some also mentioned that the beneficial results from 
early stage basic research are often unanticipated when a project is undertaken.  
 
Yes, Necessary for Seed Funding 
Many PIs said that basic research funds are critical in providing seed funding for federal grants 
and for new researchers. They stated that it is very difficult to secure a federal grant without 
preliminary data or a previous grant. In addition, it is often challenging for a new researcher to 
obtain federal funding or to receive funding to establish his/her laboratory. These PIs thought the 
ARP should fulfill this role. 
 
Yes, Essential to Training Students and Attracting/Retaining Researchers 
These PIs thought basic research was important because of its role in training students and 
attracting/retaining strong faculty.  
 
Yes, This is the Most Important Aspect 
About 7% of PIs asserted that basic research is the most important aspect of the research 
spectrum because of its importance to future scientific development and studies. Many said this 
program should be the primary program or should be expanded significantly. 

Category Percentage of Responses 
Yes, Basic Research is the Only Way to Develop Applied Research    15.26% 
Yes, Necessary for Seed Funding 13.08 
Yes, Essential to Training Students and Attracting/Retaining 
        Researchers 8.41 
Yes, This is the Most Important Aspect 6.85 
Yes, Other 26.17 
Yes (No Other Comment) 15.89 
Not sure/Cannot Comment 4.67 
Response Off Topic or Misunderstood 8.41 
No 1.25 
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Yes, Other 
Many other PIs listed a diverse range of other reasons for including an ARP-type program in the 
future. 
 
Yes (No Other Comment) 
One of every six PIs simply answered “yes” or “absolutely” with no additional comments. 
 
Not sure/Cannot Comment 
A small number of PIs indicated that they did not know or could not comment because they had 
been out of the state for a long period of time or were unfamiliar with current research programs 
in the State of Texas. 
 
Response Off-Topic or Misunderstood 
Roughly 8% of respondents did not answer the question posed, expanded on a statement from a 
previous question, or provided unrelated information.   
 
No 
Fewer than 2% of PIs stated that a basic research program should not be included in the future. 
Their reasons included dissatisfaction with the program and too much emphasis on 
commercialization.
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Chapter 6 – Case Studies 
 
Case studies were prepared on 22 Advanced Research Program (ARP) projects to highlight 
particularly successful research and specify the important qualitative benefits of the ARP. 
Projects were identified from the sample of 604 survey responses based on three criteria: 
 

(1) Large amounts of follow-on funding secured; 
(2) Intellectual property issued and/or licensed; and/or 
(3) Interesting other economic benefits.74 

 
A total of 95 projects were identified and ranked based on these factors. Additional principal 
investigators (PIs) were also identified as potential case study subjects during the process of data 
confirmation of follow-on funding and intellectual property. In total, 83 PIs were contacted via e-
mail and phone to request additional information about their projects. Of the 83 PIs contacted, it 
was possible to schedule interviews with 40. 
 
Approximately 30-minute interviews were conducted with all of these PIs to identify and gather 
information about the 22 projects highlighted. Further information was gathered through 
academic publications, progress reports submitted to the Texas Higher Education Coordinating 
Board (HECB), researchers’ personal Web sites, and in some cases contact with companies that 
have licensed technology developed through the projects. 
 
Since the ARP focuses on funding basic research, the economic benefits and commercialization 
results of the projects highlighted were most often follow-on research funding secured and the 
training of students who subsequently went on to pursue related work. Additional benefits of 
these projects include novel findings that resulted in academic publications which influenced 
their academic field. Furthermore, a number of researchers obtained their ARP funding early in 
their academic careers which enabled them to obtain data, establish their laboratories, develop 
publications, obtain federal research funding, and build their academic reputations. ARP was 
praised for its willingness to fund basic research projects without large amounts of preliminary 
data, as well as its flexibility in permitting researchers to explore new directions. 
 
Each case study contains an overview of the project, background information and the details of 
the research process, as well as a description of the achievements, results, and impacts of the 
research. In addition to the 22 in-depth records, a number of brief summaries are included on 
other successful projects. 
 
All PIs and industrial representatives interviewed were sent a copy of the case study to review 
and/or edit.  
 
 
 

                                                 
74 Question 22 of the single survey and Question 23 of the multiple survey asked, “Please cite specific economic, 
educational, and scientific benefits (for the State of Texas, your university, or your scientific field) that have resulted 
from your ARP projects.” Responses to this question were used to identify interesting other economic benefits. 
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Case Study Profile: Cross-Frame and Diaphragm Behavior in Skewed Bridges 
Dr. Todd Helwig 
University of Houston 
 
OVERVIEW 
Three bridges are currently being constructed in Lubbock, Texas using a novel technique 
developed as a result of the 1997 Advanced Research Program grant awarded to Dr. Todd 
Helwig at the University of Houston. Dr. Helwig’s project helped him to secure approximately 
$500,000 in follow-on funding from the Texas Department of Transportation (TxDOT). Through 
the ARP project and subsequent research, Dr. Helwig developed a method of steel bracing for 
bridges which reduces construction and maintenance costs over the life of the structure.  
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
TxDOT has funded studies to improve bracing of steel bridges for 15 years, both to establish 
bracing requirements and to reduce bridge fatigue. Dr. Helwig’s ARP grant focused on 
understanding bracing behavior of a skewed support system. Dr. Helwig hypothesized that he 
could reduce the number of support girders necessary by changing the angle of support from 90 
degrees to a more acute angle, thus alleviating bridge deterioration. Dr. Helwig’s ARP support 
enabled him to complete both laboratory and computerized modeling experiments to determine 
the efficacy of this theory. His results helped him to obtain additional support from TxDOT to 
continue his research. 
 
A traditional bridge support system requires beams be placed in a diagonal cross between each 
set of vertical supports. This can lead to support beams that are too closely spaced and larger 
than necessary. The larger beams attract heavier load bearing than is necessary, and thus cause 
more rapid bridge fatigue. Dr. Helwig was able to develop a skewed support, or “lean-on” 
system, that allowed him to reduce the number of cross beams used during bridge construction 
and life. Instead of including a diagonal pair between every pair of vertical supports, one set 
suffices for four vertical beams. Top and bottom struts between the other beams help alleviate a 
portion of this weight bearing load as shown in the diagram below. 
 
 

Figure 6.1 Reduction of Cross-Beams Using Lean-On System75 
 

 

 
 

                                                 
75 Herman, et al. “Lean-on Cross-Frame Bracing for Steel Girders with Skewed Support.”  
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The lean-on system is advantageous because it is less expensive. both to build the bridge with a 
reduced amount of steel support, and to inspect fewer beams over the course of the bridge life. 
Additionally, this system reduces the isolated load bearing of oversized and too closely spaced 
supports and thus reduces bridge fatigue. Further, the location of the cross-beams can be 
engineered to maximize load bearing strength in the areas where heavy trucks create the most 
strain. 
 
Dr. Helwig’s lean-on bracing technique is currently being applied in the construction of three 
bridges in Lubbock, Texas. For the design of one of the bridges, the technique has reduced the 
number of steel girders from the 128 that would be required with a traditional approach to only 
35. Plans are also underway to construct a similarly designed bridge in Austin. Moreover, further 
research may lead to the same concepts being applied to building construction. 
 
PROJECT RESULTS 
Dr. Helwig’s project resulted in $500,000 in follow-on research funds from the TxDoT. 
Additionally, four academic publications about this research have already been published and 
more are being completed. The results of this research will directly benefit Texas financially 
through the reduction of building and maintenance costs on future bridge construction. A recent 
application of the recommendations to two bridges constructed in Houston resulted in $200,000 
in bridge construction savings. The savings to the state will continue over the life of the bridge 
through an easier inspection process and reduced maintenance costs. 
 
 

 
Case Study Profile: Novel Approach for Gene Therapy of Breast Cancer 
Dr. Jaquelin Dudley  
The University of Texas at Austin 
 
OVERVIEW 
As a result of her 1997 and 2001 ARP projects, Dr. Jaquelin Dudley of The University of Texas 
at Austin received over $2 million in follow-on research funding. Though it was not her initial 
project aim, Dr. Dudley was able to identify a complex retrovirus which can be used as an 
animal model to study behavior of the human immunodeficiency virus (HIV).  
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
In the 1980s scientists began to explore the possibility of injecting DNA into human cells to treat 
certain genetic diseases, such as sickle cell anemia, caused by a single mutated gene. More 
recently, research has begun to use this method of gene therapy for cancer treatment. Genetic 
material is inserted into human cells to enhance immune response to cancer, induce cancer cells 
to enter programmed cell death, or enhance the effectiveness of radiation and chemotherapy. 
 
Current methods of gene therapy involve either injecting DNA or attenuated viruses into the 
body, or removing cells, genetically altering them, and returning them to the body.  
 
Dr. Dudley was awarded ARP grants in 1997 and 2001 to study an orally introduced gene 
therapy method for breast cancer. Dudley, working in collaboration with a bacterial pathogenesis 
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expert, Dr. Shelley Payne, studied a bacterium that infects humans through the oral route. The 
bacterium was modified to carry a virus. In the normal course of infection in mice, the virus 
travels through the digestive system, attaches to white blood cells, and then enters mammary 
tissue.  
 
The virus that was used to carry DNA to the mammary tissues was a form of a retrovirus that 
was thought to be very simple. A retrovirus is characterized by multiple properties of its 
infectious cycle.  Retroviruses insert DNA into healthy cells, which allow them to reproduce 
themselves as well as any associated DNA. For this reason, retroviruses are a popular method of 
inserting DNA into human cells for gene therapy purposes. HIV is also a retrovirus, though a 
very complicated one.  
 
Dudley and Payne removed the pathogenic properties from the bacterial and viral cells and 
inserted foreign DNA. The modified bacteria were then orally consumed by mice with the 
expectation that the natural properties of the bacterium and virus would carry the gene therapy 
through to the mammary tissue. Unfortunately, these studies were not successful, although much 
was learned about the progression of breast cancer in mice. A significant, though unplanned, 
discovery did result from Dr. Dudley’s research, however.  
 
Through her research, Dr. Dudley discovered that the virus she had been using to transmit gene 
therapy was actually a complicated retrovirus that acted in a manner very similar to HIV. This 
was an important discovery because this virus could be used to study HIV treatments in mice. 
Currently, the most common method to do this is to use transgenic animals or animals with 
transplanted human immune cells, but the entire infectious process is not reproduced. In addition, 
these animals are laborious to create and expensive to use. A naturally occurring virus that 
resembles HIV but can be studied in mice is a considerable development for AIDS research. This 
discovery was published in December of 2005 in the Journal of Virology and cites support from 
the Texas Advanced Research Program. 
 
PROJECT RESULTS 
Dr. Dudley’s ARP data enabled her to obtain additional funding of more than $2 million from 
the National Institutes of Health (NIH) and the Foundation for Research. The purpose of these 
funds varied, as they were awarded both to continue her study of novel gene therapy techniques 
and to investigate her newly discovered mouse model for HIV. Dr. Dudley feels that the ARP’s 
willingness to fund risky research ideas was integral to the discovery as well as to obtain federal 
funding. Further, she mentioned that the ARP’s flexibility permitted her to pursue a different 
direction than her original research proposal, which appears to be highly beneficial to the 
academic community. The full impact of this discovery has yet to be realized as it will likely be 
very important to future AIDS research. 
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Case Study Profile: Biodiversity of an Ancient and Isolated Region: The 
Cuchamatanes Uplift of Northwestern Guatemala 
Dr. Jonathan Campbell 
The University of Texas at Arlington 

 
OVERVIEW 
Dr. Jonathan Campbell’s 1995 ARP grant resulted in $1.5 million in follow-on research funds 
entering the State of Texas. Dr. Campbell’s work specifically related to the ARP grant also 
served to train four students and resulted in the publication of 12 directly related academic 
papers. ARP is also cited in 82 subsequent papers included in peer-reviewed journals. The State 
of Texas experienced a significant contribution to the scientific community through the 
discovery of numerous new species of reptiles and amphibians. Moreover, Dr. Campbell’s 
research enabled a collaboration to develop between his research team and similar ones in 
Guatemala and later Mexico, such that their expertise and training could be mutually beneficial.  
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Dr. Campbell’s 1995 ARP grant allowed him to travel to one of the highest, most extensive, and 
remote mountain ranges in Central America: the Cuchumatanes Uplift of northwestern 
Guatemala. Here he conducted extensive biodiversity studies on amphibians and reptiles in 
collaboration with local researchers and students. Dr. Campbell and his research team discovered 
more than 20 new species of vertebrates. Tissue samples of these species were taken and 
preserved for future research. Additional investigation was conducted through statistical 
comparisons of the animal samples in the Cuchumatanes Uplift to those of known isolated 
regions to help determine the evolutionary progression that created these assemblages of 
animals. Further evolutionary study will be conducted through studying DNA samples of the 
preserved animal tissue. 
 
PROJECT RESULTS 
The results of Dr. Campbell’s ARP grant helped him to obtain three additional National Science 
Foundation (NSF) grants to pursue similar research in Guatemala from 1998–2001, in southern 
Mexico from 2001–2005, and in northern Mexico from 2006–2009. The combination of the three 
projects has resulted in the discovery of about 50 new vertebrate species and the publication of 
more than 100 academic papers, 92 of which cite ARP support. These data were also used in the 
dissertations and theses of 18 Ph.D. and graduate students at three institutions. 
 
The project also developed a collaborative relationship with Guatemalan and Mexican 
researchers which continues today and has facilitated extensive cross-training of students. The 
initial ARP grant trained four Texas students, while the subsequent grants in Guatemala and then 
Mexico trained an additional 50. Local scientists and students from Guatemala and Mexico also 
benefited from Dr. Campbell’s expertise as he did from theirs. Approximately 75% of these 
students, including those from Central America, went on to pursue careers in a related field. 
 
While the primary purpose of Dr. Campbell’s research is to look for new rare reptile and 
amphibian species, the tissue samples he has preserved can also be applied to the future 
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understanding of evolutionary patterns, as well as in the pursuit of new medical applications of 
biological substances found in these species. 
 
Dr. Campbell feels that the ARP research he conducted was an important springboard for his 
academic career. He obtained the grant early in his tenure at The University of Texas at 
Arlington and was able to leverage his results to continue his research for the past seven years. 
While he might have been able to initiate such projects had it not been for the ARP support he 
received, the path would have been much more difficult. 
 
 

 
Case Study Profile: Discourse Processing in Neurologically Impaired and 
Normal Elderly Populations 
Dr. Sandra Chapman 
The University of Texas at Dallas 
 
OVERVIEW 
Dr. Sandra Chapman of the University of Texas at Dallas discovered that some higher level 
thinking capacities, such as disseminating broad ideas and themes from details, do not deteriorate 
with age. Her 1991 ARP project titled, “Discourse Processing in Neurologically Impaired and 
Normal Elderly Populations,” resulted in over $2 million dollars of follow-on research funding. 
Additionally, several students have been trained and two have begun work in a related area. The 
study and subsequent research have resulted in more than 50 publications. 
 
PROJECT BACKGROUND 
Dr. Chapman’s project studied the ability elderly at various ages, as well as Alzheimer’s patients, 
to extract the main message from connected details. Her research group hypothesized that the 
older elderly (80-90 years) results would be very similar to those of patients in their early 60’s 
and 70’s who had entered the preliminary stages of Alzheimer’s disease. The common indicators 
of Alzheimer’s disease which have been studied in the past diminish both with disease 
progression and over the normal course of aging. This makes it difficult to determine if a patient 
is suffering from early stage Alzheimer’s, or simply aging naturally. Dr. Chapman and her 
research team believed that the ability to extract main ideas from a message would also diminish 
through normal aging. 
 
RESEARCH PROCESS 
Three samples were used to conduct this research: healthy young elderly (60-70 years), young 
Alzheimer’s patients (60-70 years), and “old elderly” (80-90 years). Each group was asked to 
read a narrative that had been developed with mature themes and ideas. Subjects were then asked 
to provide a summary of the story, themes, and how the lesson imbedded in the narrative could 
be applied to their own lives. What they found was contradictory to their hypothesis: the ability 
to interpret main ideas from a detailed narrative does not diminish with age. The old elderly 
participants performed at the same level as college students on these tasks, whereas the 
Alzheimer’s patients had diminished abilities. This work has since been repeated by numerous 
other researchers who have confirmed the same result. 
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Dr. Chapman has continued the research across a variety of age groups and neurological 
diseases, including children with Attention Deficit Hyperactivity Disorder (ADHD) and those 
who have suffered a traumatic brain injury (TBI). Her research has developed a greater 
understanding of neurological functioning. She has also looked at how this process works in the 
brain using functional magnetic resonance imaging (fMRI) scans and electroencephalogram 
(EEG) images. She has found that the ability to determine important ideas from a number of 
details draws heavily on the right frontal lobes, an area of the brain implicated in higher level 
decision-making, judgment, and impulse control. She has also looked at the brain’s ability to 
adapt and overcome neurological deficiencies in this area. The results have indicated that it may 
be possible for the brain to introduce new neurological pathways and improve this type of higher 
order functioning if it is appropriately challenged. 
 
The primary purpose of the research has been to identify ways to diagnose a neurological 
impairment related to this functioning, develop treatments to overcome the deficiencies, monitor 
subject progress, and to educate parents, teachers, and policy makers about the implications of 
such a deficiency. Related to this, Dr. Chapman’s research may have strong implications for 
educational and social policies. Her studies suggest that ADHD children have a diminished 
ability to filter information to identify the main point. Though they may remember as much as 
their fellow students, they have a reduced ability to identify the most important ideas to 
remember, and thus do not perform as well in school. Based on this research, the best method for 
educating these students may be to remove some of the details from the lessons, or to repeatedly 
state the main idea amid the collection of facts. Her research may also be important when 
determining the proper method of conveying information to the elderly population about 
Medicaid or Social Security. Receiving highly detailed documents may not be an appropriate 
way to help them make the best decisions. 
 
PROJECT RESULTS 
Dr. Chapman’s ARP obtained over $2 million in follow-on funding from a number of 
organizations including the National Institutes of Health, the Meadows Foundation, and the King 
Foundation as a result of this research. Her continued work in this area has enabled the 
development of tests for children with ADHD. More tests will be developed and published using 
similar techniques for both Alzheimer’s and traumatic brain injury patients. Her ARP study has 
also initiated over 50 publications. 
 
Dr. Chapman feels that receiving ARP funds early in her career allowed her to build her 
reputation and expand her research. She has been invited to speak at numerous conferences about 
her findings and has expanded the initial investigative technique into a topic with strong clinical 
implications. 
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Case Study Profile: New Approach to Density Functional Calculations of 
Electronic Structure and New Quantum States with Relative Minimum 
Uncertainty and Maximum Shape Control 
Dr. Donald Kouri 
University of Houston 
 
OVERVIEW 
Dr. Donald Kouri’s 1995 and 2001 ARP grants involved the use of sophisticated mathematical 
techniques to make significant advances in automatically extracting additional information from 
medical images. Dr. Kouri’s research resulted in $1.2 million of follow-on research funding. His 
1995 project yielded one patent and $20,000 in licensing revenues. An additional patent from his 
2001 project is pending approval. Moreover, 20 academic papers have been published related to 
this project. If further intellectual property regarding the medical imaging technology is secured, 
Dr. Kouri hopes to begin licensing agreement negotiations with General Electric. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
The Heisenberg Uncertainty Principle has been troubling academics since it was first published 
in 1927. The principle states that, even with hypothetically perfectly precise instrumentation, it is 
impossible to accurately measure two interdependent properties of a single elementary particle. 
Dr. Kouri began work on the Heisenberg Uncertainty Principle of quantum physics in 1990. In 
1995 he received an ARP grant which enabled him to continue this work and establish a 
collaboration with mathematician Dr. Emmanouil (Manos) Papadakis, also at the University of 
Houston. These funds made it possible to expand Dr. Kouri’s and Dr. Papadakis’ research 
groups. The collaboration between the two faculty members brought together expertise in both 
physics and mathematics that was essential to the further research which would be applied to 
medical imaging devices. This project also resulted in the University of Houston securing a 
patent for Distributing Approximating Functionals, which produced $20,000 in licensing 
revenues.  
 
In 2001, Dr. Kouri received another ARP grant related to the Heisenberg Uncertainty Principle. 
The goal of the project was to create pulses of light that were realizations of this principle. 
Though this work was initially unsuccessful, the advances made with the Uncertainty Principle 
facilitated an extension of the mathematical structure such that it would be useful to medical 
imaging.  
 
Images like those we see on a television or our computer screens are composed of thousands of 
pixels. Each of these dots corresponds to a numerical value which associates it with its color and 
brightness. Researchers in the 1980’s and 1990 attempted to extract information from these 
pixels using wave models, but ran into difficulty applying linear models to the non-linear images 
produced on the screen. 
 
Working with researchers at the Texas Heart Institute (a division of The University of Texas 
Health Sciences Center in Houston), Dr. Kouri and Dr. Papadakis were able to develop a method 
to extract this additional information using wavelets that are able to treat two-dimensional 
pictures or three-dimensional objects in a way that does not depend on linearity. They also take 
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into account correlations between pixels which are successful in determining various soft tissue 
textures and shapes regardless of how they are oriented. This method can thus be applied to 
medical images such as Computerized Tomography (CT) scans. Currently, these scans are 
unable to distinguish adequately between fat, muscle, and other soft tissue. Dr. Kouri’s analysis 
can distinguish these regions of tissue and thus potentially diagnose heart disease before 
symptoms begin to occur. The analysis is further completed in a way that maximizes accuracy 
based on the Heisenberg Uncertainty Principle, and produces results rapidly. 
 
PROJECT RESULTS 
As a result of this research, Dr. Kouri has received $1.2 million in follow-on research funds from 
the United States Army and the Texas Heart Institute. Additionally, four students were supported 
fully or partially by the ARP funds Dr. Kouri received. These students used their training to 
obtain positions domestically and abroad at the University of Cambridge and the Indian Institute 
of Technology. 
 
A clinical trial is currently being conducted on this process at the UT Health Sciences Center at 
Houston with researchers at General Electric (GE). A number of patients will be given CT scans 
and Dr. Kouri’s software will be used to analyze the results to identify patients who are at high 
risk for heart disease. Dr. Kouri believes that if the results of this study are positive, there is a 
high probability that GE will license the intellectual property. 
 
Dr. Kouri maintains that the ARP funds he received were integral to the development of this 
technology. These funds were particularly beneficial because they did not require an overhead 
allocation to the university. Additionally, his ARP funds allowed him to explore an area that was 
seemingly not directly related to his research proposal but that he discovered was highly 
applicable. Dr. Kouri felt that this type of freedom to explore other logical outgrowths when the 
original research proposed is unsuccessful is unique to ARP grant funds, whereas federal or 
industrial grants are typically much more stringent. He also feels that the ARP is one of the best 
things that the legislature has instituted while he has been a resident of the state and that the 
program should be expanding rather than contracting. 
 
 

 
Case Study Profile: Using Fluorescent Tags to Identify Targeting Domains in 
the Prokaryotic Cell Division Protein FtsZ 
Dr. William Margolin 
The University of Texas Health Science Center at Houston 
 
OVERVIEW 
As a result of his 1995 ARP project, Dr. William Margolin of The University of Texas Health 
Sciences Center at Houston received over $2.5 million in follow-on research funding. Dr. 
Margolin was able to use a novel method of fluorescent tagging to be the first to identify the 
presence of a skeletal-type structure in simple cells during replication. Two licenses were granted 
for this work to the biotechnology companies Pfizer Inc. and Icos Corporation, generating 
$12,500 in licensing revenues. The scientific community has also benefited from the significant 
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advancement in the use of fluorescent tags and in the understanding of bacterial cells and their 
reproduction.  
 
PROJECT BACKGROUND 
In 1994 a new method of scientific study was developed which uses a naturally fluorescent gene 
from the Aequorea victoria jellyfish to tag proteins in cells and observe their behavior and 
movement. Dr. Margolin was interested in developing this technology and applying it to his own 
research. Since this was a novel and risky idea, but one that would need low funding levels, Dr. 
Margolin pursued an ARP grant to begin his work. He felt that ARP would be more willing to 
fund the project without necessitating large amounts of preliminary data. 
 
In the early 1960’s, Green Fluorescent Protein (GFP) was first isolated from the Aequorea 
victoria jelly-fish in a Japanese research lab. It was not until 1994, however, that this substance 
first came to be used as an important scientific tool. Scientists discovered that they were able to 
insert the genetic code for the GFP protein into the coding sequence for other proteins they 
wanted to investigate. When an organism makes the protein, it will also make GFP. Scientists 
can then study proteins which are too small to be seen even with an electron microscope by 
tracing the fluorescent green GFP tag. 
 
In early 1995 this technology was not well tested and Dr. Margolin was interested in applying it 
to his work on prokaryotic cell replication, a process called binary fission. Prokaryotic cells are 
simpler than the eukaryotic cells of which most organisms are composed. The cells have DNA 
and replicate but do not have a membrane-bound nucleus and have fewer and simpler internal 
structures. The most common examples of prokaryotic cells are bacteria and some forms of 
algae. Before Dr. Margolin’s research, it was thought that, unlike eukaryotic cells, prokaryotic 
cells had no formal structure that aided in cell division as did eukaryotic cells. 
 
RESEARCH PROCESS 
Dr. Margolin was the first researcher to use GFP to study the internal structure of prokaryotic 
cells. Dr. Margolin attached GFP tag to a specific protein and studied its behavior during 
prokaryotic reproduction (binary fission). Through this work Dr. Margolin was the first to show 
ring-shaped structures in living prokaryotic cells. These structures aid in cell division similar to 
structures in eukaryotic cells. He continued to study this structure and determine more about its 
form and composition by gradually deconstructing it. Over the past decade, his work has been 
repeatedly validated through replicated studies. 
 
PROJECT RESULTS 
Subsequent to this project, Dr. Margolin received $2.5 million in additional funding from federal 
sources. He first received a $500,000 grant from the National Science Foundation and then $2 
million from the NIH. Additionally, the university and the principal investigator received 
approximately $12,500 in licensing revenues from Pfizer Inc. and Icos Corporation for the use of 
the protein strains he had studied. 
 
Five students were trained in the research methods during the initial ARP study, including one 
high school student who went on obtain a Ph.D. and an M.D. The most important paper that 
resulted from this work was published in the Proceedings of the Natural Academy of Sciences in 
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1996 and cited the ARP support Dr. Margolin had received. These results have been adopted in 
the scientific community and have even been included in college level Biology textbooks 
including Raven’s Biology 7th Edition and Molecular Biology of the Cell.  
 
The work has also brought some acclaim to The University of Texas Health Sciences Center at 
Houston. Dr. Margolin believes that without the ARP support he received, it would have been 
many times more difficult to obtain funding for this project. 
 
 

 
Case Study Profile: A Primary Voltage Standard Based On Collinear Fast Ion 
Beam Laser Spectroscopy 
Dr. Hans Schuessler 
Texas A&M University 
 
OVERVIEW 
With help of a 1987 grant from the Advanced Research Program, Dr. Hans Schuessler of Texas 
A&M University was able to discover techniques that made highly accurate detection of the 
krypton isotopes possible. Dr. Schuessler’s research secured $1.35 million in follow-on research 
funding. Additionally, two students who worked on the project went on to obtain positions at 
TRIUMF, an important nuclear research facility in Canada. Easy and accurate detection of 
krypton isotopes can be used to detect nuclear activity abroad for homeland defense, to 
determine adequate sites for nuclear waste disposal, and for oil exploration.  
 
PROJECT BACKGROUND 
Dr. Schuessler used his research experience with a special type of spectroscopy to be the first 
researcher in the United States to build a mechanism to quickly and accurately detect krypton 
isotopes. 
 
A spectral image is produced when light is refracted through a gas and the image is recorded. 
Dark spots or lines are produced in the spectral image of a gas when there is an imbalance of 
photon energy in a narrow range. Dr. Schuessler developed a method to apply energy to shift the 
spectral line. The amount of the shift depends on both the energy applied and the isotopes 
present in the gas sample. Since the energy value is known, Schuessler can determine the isotope 
presence from the amount of spectral shift. 
 
Krypton isotope detection is important to a number of applications. Krypton-85 is emitted during 
nuclear activities such as bomb research or construction. Using this method, it is possible to 
quickly and accurately detect krypton-85 in an air sample that naturally contains large quantities 
of krypton-84. Krypton-85 is also used for oil exploration. Krypton-82 detection can also help 
determine adequate locations for nuclear waste disposal by identifying areas where groundwater 
has been stagnant for millions of years and thus will not contaminate natural groundwater 
reservoirs.  
 
This method is more precise and more sensitive than the previous method of krypton detection. 
Currently, krypton-85 is detected through analysis of gamma rays which are emitted once every 
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10 years for each isotope atom. Since Dr. Schuessler’s process works by exciting electrons, 
atoms can be excited multiple times in a rapid procession, creating a much stronger signal.  
 
PROJECT RESULTS 
This research has resulted in more than 15 publications. Additionally, three graduate and 
postdoctoral students obtained related positions in academia and at nuclear research facilities. Dr. 
Schuessler received a total of $1.35 million of funding from the U.S. Department of Energy, as 
well as industrial support from the Houston branch of Teledyne Instruments. Research continues 
on this project in Dr. Schuessler’s laboratory. Mechanisms of this type have also been built in 
Japan, Canada, and Germany. 
 
Dr. Schuessler is confident that his research, laboratory, and his academic prestige would not 
have achieved their current status without the support he received from ARP funds.  
 
 

 
Case Study Profile: A New Mouse Model for Human Obesity 
Dr. Andrew Zinn 
The University of Texas Southwestern Medical Center at Dallas 
 
OVERVIEW 
Dr. Andrew Zinn’s 2001 Advanced Research Program project received over $1 million in 
follow-on research funding. With the ARP funding he received, Dr. Zinn of The University of 
Texas Southwestern Medical Center at Dallas was able to create a genetically modified mouse to 
investigate obesity. The creation of the mouse strain by Dr. Zinn’s research team was beneficial 
a and necessary component of subsequent research.  
 
PROJECT BACKGROUND 
Dr. Zinn’s research studied the role of a specific gene, SIM1, in obesity. The SIM1 gene 
regulates the development of the hypothalamus, the region of the brain involved in control of 
sleeping, eating, and reproduction. Early studies with SIM1 indicated that damage to the area of 
the hypothalamus whose formation is regulated by SIM1 caused animals to become obese. 
Complete lack of the gene prevented adequate hypothalamus formation and was fatal in mice 
within a day of birth. 
 
In the 1990’s, Dr. Zinn’s research team came across an extremely obese girl who had a rare 
genetic abnormality which caused an under-expression of the SIM1 gene. They proposed that 
this caused her to over-eat and become obese. Dr. Zinn was interested in studying whether or not 
over-expression of the gene would cause someone to under eat. The existing body of knowledge 
at the time supported the idea that the SIM1 gene was involved only in formation of the 
hypothalamus, and that the irregular eating patterns associated with reduced levels of the gene 
resulted from inadequate development. Dr. Zinn hypothesized that the gene and the SIM1 protein 
that it encoded were also actively involved in feeding behavior after hypothalamus formation. If 
the gene was involved only in formation, then having too much of the gene should not affect 
adult eating behavior. 
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RESEARCH PROCESS 
The American Diabetes Association had already funded Dr. Zinn’s study of a mouse strain 
developed by other researchers that had an under-expression of SIM1. In 2001, Dr. Zinn was 
awarded an ARP grant to create a transgenic mouse that would over-express the SIM1 gene and 
thus test his hypothesis that the SIM1 protein was actively involved in feeding regulation after 
hypothalamus formation. The majority of his ARP funding period was spent creating and 
verifying this mouse strain.  
 
To create the transgenic mouse, DNA coded for the human SIM1 gene was inserted into a 
fertilized mouse egg. Once it had developed, progeny from this mouse that had incorporated the 
human gene were then used to study the behavioral effects of over-expression of SIM1. Dr. Zinn 
and his research team found that the over-expression caused the mice to under eat under certain 
dietary conditions that promote obesity. These data supported their hypothesis that eating 
behavior is regulated, at least in part, by the activity of the SIM1 gene in adult animals with fully 
formed hypothalami.  
 
PROJECT RESULTS 
Subsequent to this project Dr. Zinn and his colleagues received over $1 million in additional 
funding to study the SIM1 gene. This funding was from a variety of sources including the 
American Heart Association, the American Diabetes Association, and the National Institutes of 
Health. Additionally, some of the conclusions from this study contributed to a successful 
proposal for a $3 million Obesity Center funded by NIH. Approximately 5-10% of these funds 
can confidently be attributed to ARP work.  
 
This project specifically demonstrates the importance of researching a relevant and timely 
problem such as obesity as well as the benefit of investing in tools such as the creation of a 
transgenic mouse line that can be used in further research both locally and in other states. 
Embryos of this mouse strain were cryogenically preserved so that the property will be available 
to researchers far into the future. Dr. Zinn is continuing to breed the mice and will make them 
freely available to other researchers who wish to independently validate or further build upon 
these results.  
 
 

 
Case Study Profile:  Design of Enzyme Inhibitors for Emphysema and HIV-
Virus Enzymes and Multi-Enzyme Synthesis of Natural Products 
Dr. Alastair Scott 
Texas A&M University 
 
OVERVIEW 
As a result of his 1991 and 1993 Advanced Research Program projects Dr. Alastair Scott of 
Texas A&M University received more than $2.5 million in follow-on research funding. Dr. 
Scott’s first project focused on finding inhibitors for certain enzymes that could be used to find 
possible drugs to combat the human immunodeficiency virus (HIV). This led to his second 
project which focused on synthesizing inhibitors using genetic engineering. 
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PROJECT BACKGROUND AND RESEARCH PROCESS 
As a result of the research completed in his first project, Dr. Scott found an inhibitor that would 
interfere with enzyme mechanisms that keep the HIV alive. Unfortunately, these compounds 
were found to be toxic, and could not be used in clinical trials. 
 
Nonetheless, this work led to Dr. Scott’s second ARP project, which focused on synthesizing 
inhibitors using genetic engineering. For this project, Dr. Scott transferred genes which coded for 
natural substances from plants to bacteria. The bacteria were then incubated for a period of time 
so that they would produce the desired product through the expression of the gene. Dr. Scott 
became particularly interested in using this technique as a less expensive way to make vitamin 
B12, which is used to treat Pernicious Anemia. Vitamin B12 is particularly difficult to 
chemically synthesize and provides a fairly low yield. Dr. Scott received a 1997 Advanced 
Technology Program (ATP) grant to study this process. His method of B12 production was more 
cost effective and efficient than the current methods. 
 
Dr. Scott has more recently become interested in producing cancer-fighting drugs using 
transgenic bacteria. Currently, the pharmaceutical industry relies on chemical synthesis to 
produce large quantities of medically important natural substances. Though chemical synthesis 
can often be cost effective, producing some substances can be a laborious process, and for others 
it may be too difficult to map the chemical structure for synthesis. Dr. Scott’s most recent 
projects are attempting to produce the billion dollar anticancer drug Taxol, which is currently 
being isolated from the Pacific yew tree. He received another ATP grant in 2001 to study a new 
method of production for the drug. Taxol is a standard and effective chemotherapy drug used to 
treat patients with lung, ovarian, and breast cancer. Three total chemical syntheses of the drug 
have been completed, but their efficiencies are low. If it is possible to produce the drug in large 
quantities using Dr. Scott’s method, it will be met by a large market. 
 
PROJECT RESULTS 
Over 20 publications have resulted from Dr. Scott’s participation in two ARP projects. He has 
also been able to secure $2.5 million in follow-on research funding from the National Institutes 
of Health for his B12 research. Dr. Scott’s demonstration of these enzymes’ capabilities has also 
brought important knowledge to his field. Other investigators in different parts of the country 
have used this information for making other natural products using transgenic bacteria methods, 
including certain types of carbohydrates.  
 
 

 
Case Study Profile: Cu(I) Complexes as Low Cost Photoredox Catalysts 
Dr. Randolph Thummel 
University of Houston 
 
OVERVIEW 
Dr. Randolph Thummel of the University of Houston discovered how to make solar cells from 
inexpensive metals and measure their efficiency using novel dyes through his 2001 ARP grant. 
Dr. Thummel’s project received more than $430,000 in follow-on research funding. 
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Additionally, one student who worked on the initial ARP grant project was subsequently hired to 
work for a small, start-up nanotechnology company due to his expertise in solar research. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
In 2001 Dr. Thummel proposed ways of making novel dyes using inexpensive metals which 
would be used in producing solar cells to conduct electricity. This process starts when a dye 
absorbs solar light, and an electron in the dye is excited by the energy in a process called 
photoexcitation. Electrons are loosely knocked from their atoms, allowing them to flow 
throughout the material, producing electricity.  
 
Solar electricity has been found to be one of the easiest and least expensive methods to conduct 
electricity. In the 1980’s and 1990’s, new solar cells were discovered that use less expensive 
titanium dioxide instead of silicon. 
 
When Dr. Thummel was awarded the ARP grant, he started his research by learning the 
methodologies of producing solar cells and solar electricity. The ARP grant allowed Dr. 
Thummel to hire personnel and purchase necessary equipment to start his research. 
 
Currently, solar cells are silicon based and limited by cost and construction. Dr. Thummel’s 
project aimed to find another metal that could be used in solar cells to conduct electricity in an 
unproblematic and less expensive manner. The first metals with which he experimented were 
copper and iron. These metals are less expensive, but not as efficient as the current silicon-based 
solar cells. Dr. Thummel’s research resulted in methodology which he believes will lead to more 
efficient and less expensive solar cells.   
 
PROJECT RESULTS 
From his research, Dr. Thummel was able to discover how to make less expensive solar cells and 
measure their efficiency. Approximately six publications have resulted from his work in this 
area. He has also been able to patent the process of dye synthesis used in the solar cells. His 
work has also been funded by the Robert A. Welch foundation and he can attribute $430,000 of 
his follow-on funding to his ARP research results. 
 
Dr. Thummel predicts that in 50 years, all commercial buildings will have solar cells on their 
rooftops, and the new dyes have a high potential to be used in the production of these cells. 
 
 

 
Case Study Profile: Genetics of Maternal/Fetal Xenobiotic Metabolism and 
Childhood Cancer Risk 
Dr. Gail Tomlinson 
The University of Texas Southwestern Medical Center at Dallas 
 
OVERVIEW 
As a result of her 2001 ARP project, Dr. Gail Tomlinson of the University of Texas 
Southwestern Medical Center at Dallas received more than $1.3 million in follow-on funding. 
Dr. Tomlinson’s research focused on children of different ethnicities and the variance in genes 
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that are known to metabolize potential carcinogens. Dr. Tomlinson is currently working on 
developing an international collaboration with 45 researchers, and is writing a larger grant 
application to continue with a more detailed study that compares Mexican American and 
Caucasian children who have cancer. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Dr. Gail Tomlinson, through her position at the Center for Cancer and Blood Disorders at the 
Children’s Medical Center in Dallas, Texas, has been able to obtain samples of hepatoblastoma 
and leukemia tumors in children. Hepatoblastoma is a very rare liver cancer found in children; 
there are only approximately 90 cases found in the U.S. every year.  Hepatoblastoma was 
selected for this research because it is a good model for studying various types of tumors, and 
leukemia was chosen because it is one of the most common forms of cancer in children.   
 
Variances in genes, partially due to differences in ethnic backgrounds, cause people to 
metabolize potentially carcinogenic chemicals differently. Dr. Tomlinson’s initial research focus 
was to determine which variances were associated with the highest risk of cancer. She began her 
research by studying the P450 enzyme, which has been studied in various research efforts for 
many decades. Dr. Tomlinson found that Hispanic children tended to have a genetic variant in 
the code for the P450 enzyme more often than other ethnicities. This may explain why more 
instances of cancer have been found among Hispanic children. It may also be the first molecular 
evidence of a systematic difference that supports the conclusion that leukemia is substantially 
more prevalent in Hispanics. The highly diverse population and high percentage of individuals 
with Hispanic backgrounds make Texas an ideal location to conduct this research as well as a 
state which would highly benefit from its conclusions. 
 
Dr. Tomlinson was also one of the first to apply the new DNA micro array technique to cancer.  
DNA micro arrays are chips, made of a number of substances such as glass or silicon, which 
have thousands of microscopic specks of DNA that can monitor gene expression. 
 
Dr. Tomlinson is continuing her research by looking at intra-uterine events in the development of 
liver cancer. From this research, she was able to discover one of the tumor markers involved in 
the fetal development of the liver. This gene stays “turned on” for a longer period of time in the 
children that eventually develop liver cancer. This was an unexpected discovery for Dr. 
Tomlinson and her findings are yet to be published. 
 
PROJECT RESULTS 
Dr. Tomlinson’s research has resulted in six publications. The ARP grant also led to $1.3 million 
of follow-on research funding from organizations that include the National Cancer Institute, 
Children’s Oncology Group, and a National Institutes of Health grant.   
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Case Study Profile: Generalized Anxiety Disorder in Older Adults - 
Treatments and Clinical Features  
Dr. Melinda Stanley and Dr. Gayle Beck 
The University of Texas Health Science Center at Houston and University of Houston 
 
OVERVIEW 
Texas and the scientific community have benefited greatly from the 1991 Advanced Research 
Program project awarded to Dr. Melinda Stanley, then working at The University of Texas 
Health Science Center at Houston, and Dr. Gayle Beck, then working at the University of 
Houston. Approximately $3.8 million in follow-on research funding was received over the 
course of the eight years subsequent to the completion of the project. In the ARP-funded pilot 
study, these researchers investigated the use of Cognitive Behavioral Therapy (CBT) and Group 
Supportive Therapy among older adults with Generalized Anxiety Disorder (GAD). The results 
of their ARP study indicated that both treatments were effective in treating the disorder. Dr. 
Stanley is currently working on her third project addressing treatments for GAD in older adults, 
which is being funded by the National Institute of Mental Health (NIMH). 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Generalized Anxiety Disorder is an anxiety disorder characterized by excessive or constant 
worry that affects approximately 6.5 million adults in the United States. Cognitive Behavioral 
Therapy is a type of psychotherapy that focuses on interrupting disordered thought processes and 
revising them to modify behavior. By the early 1990’s significant research had been conducted 
to validate the use of CBT in younger adults with GAD. There was little data, however, on viable 
treatments for this disease in older adults, despite the fact that GAD is particularly prevalent in 
this growing population and can cause significant health difficulties, which may even be 
correlated with a shorter life expectancy. 
 
Dr. Stanley and Dr. Beck wanted to investigate the merits of CBT and other treatments for older 
patients with GAD. They had recently completed another ARP study and had found it a good 
method to quickly obtain funding for a pilot project. They received the grant which enabled them 
to obtain preliminary data that could then be used to leverage federal funds.  
 
In their initial study, Stanley and Beck found that both treatments were effective for treating 
GAD in adults over the age of 55, and that one treatment was not more effective than the other. 
The final sample of the study, however, was statistically younger, healthier, more affluent, and 
better educated than the population of older adults to which they were projecting these findings. 
 
PROJECT RESULTS 
Dr. Stanley and Dr. Beck were able to use the results from the ARP study to obtain $2 million in 
funding over five years from the National Institute for Mental Health (NIMH) to conduct a 
second study investigating the value of CBT in treatments for older adults with GAD. A third 
four-year study is currently ongoing, with $1.8 million in support from the NIMH. In addition to 
this large sum of research funds, the research has also succeeded in educating numerous students 
in CBT and research methodology both during the initial ARP funding period and during 
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subsequent related research. Two students from the ARP study went on to obtain related 
employment, one at an academic institution and one as a private practitioner.  
 
Since there was little research in this particular area, the results of the ARP study and the two 
subsequent NIMH projects have had a strong impact in the mental health field. As a result, the 
research team has been called upon as experts and mentors for other related research projects. 
 
 

 
Case Study Profile: Laser Determination of Molecular Energies, Structures, 
and Bonding in Electronic Excited States 
Dr. Jaan Laane 
Texas A&M University 
 
OVERVIEW 
As a result of his 1991 ARP project, Dr. Jaan Laane of Texas A&M University received over $2 
million in follow-on research funding. Dr. Laane was able to study molecular structures in 
electronically excited states to investigate how they function. As a result of this project, 
significant advances were made in understanding molecular structures. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Dr. Laane’s laboratory had long been using laser energy to excite molecules and study their 
structures. Dr. Laane was also interested in studying how structures changed when they entered 
electronic excited states to investigate the process of photosynthesis on a molecular level. 
Photosynthesis occurs when light energy in the form of sunshine enters plant cells and excites 
specific molecules. The molecules undergo a transformation which makes the chemicals in the 
plant more reactive. This area had historically received insufficient scientific attention and Dr. 
Laane thought it was an important idea to pursue.  

Dr. Laane had previously received funding from the National Science Foundation for this 
project. The additional funding provided by the Advanced Research Program, however, was 
highly beneficial, since it enabled him to purchase additional equipment and instrumentation for 
the project, as well as support additional researchers in his lab. 

Though the same type of spectroscopic methods had been used by other researchers, Dr. Laane’s 
project entered a specialty subfield of potential energy surfaces. The research team studied 
approximately 12 particularly non-rigid molecules. They used laser energy to excite the 
molecule’s electrons and then studied their quantum states to determine the process of molecular 
change that was occurring. Through this, they were able to specifically study and understand 
why certain molecules convert from one structure to another in certain energy states.      

PROJECT RESULTS                                                                                                         
Through the data obtained with this research, Dr. Laane was able to secure continued support 
from the NSF and the Robert A. Welch foundation, which totaled more than $2 million in 
follow-on research funding entering the state. Additionally, this work directly led to a 
symposium about excited states of molecules held in December 1995. The work of Dr. Laane 
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and approximately 12 other researchers who participated was later published in the book 
Structure and Dynamics of Electronic Excited States. More than two dozen academic papers 
have also been published by Dr. Laane’s laboratory on this topic. 

Approximately five Ph.D. students working on Dr. Laane’s research in this area received 
support. One of these students has gone on into academia and the remaining students have gone 
on to work in industry, primarily using their training in spectroscopy to aid in chemical and 
pharmaceutical quality control analysis. 

Though there are no immediate commercial applications for the basic level of his research, 
continued studies should lead to advancements in chemical processes for pharmaceuticals and 
materials prepared through photochemical methods. 

 
 

Case Study Profile: Retinoic Acid and the Dynamics of Cell-Cell Signaling 
During Neural Induction 
Dr. Amy Sater 
University of Houston 
 
OVERVIEW 
Dr. Sater of the University of Houston received $600,000 in follow-on research funding as a 
result of her 1993 Advanced Research Program grant. Dr. Sater discovered evidence that a 
particular protein, mitogen-activated protein (MAP) kinase, was activated during the process of 
neural cell differentiation in fetuses. Dr. Sater’s discovery provides a foundation for 
understanding stages of early development, which can lead to improved strategies for healthcare 
in the future. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Neural induction occurs in the earliest stages of embryonic development when cells make a 
choice between maturation in neural function or as epidermal cells. Research has been conducted 
worldwide since the 1930’s to determine how the process works. 
 
Dr. Sater had originally proposed investigating the role of retinoic acid (Retin-A) during neural 
induction. Retin-A has been shown to play a role in differentiating immature cells and causing 
them to mature into functional cells in some types of leukemia patients. Early in the project, 
however, it became clear that this direction would be too difficult to pursue. 
 
Mitogen-activated protein (MAP) kinase is an enzyme that responds to extra cellular (mitogen) 
stimulation and induces cellular division. It has been heavily implicated in regulation of cell 
division and the initiation of cell duplication associated with cancer. During her work on the 
1993 project, Dr. Sater observed that MAP kinase was activated during neural induction. Aware 
of the flexibility of the ARP, she decided to use her ARP funds to pursue this finding rather than 
continuing the unsuccessful Retin-A research. 
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PROJECT RESULTS 
The novel discovery that MAP kinase was involved in neural induction was an important 
breakthrough in the study of the process. Dr. Sater obtained two grants for a total of $600,000 
from the National Science Foundation to continue this work. During Dr. Sater’s follow-on 
research, it became clear that the cell choice between neural development and epidermal 
development is representative of a very common set of interactions between two different sets of 
pathways that govern many developmental events. Her research in this area has implications for 
determining how regulation occurs in embryos and provides a more detailed understanding of the 
stages of early development.  
 
 

 
Case Study Profile: A High-Speed Signal-Processing Algorithm/Electronics 
for Transducers with Exponential-Decay Response 
Dr. Wai Hoi Wong 
The University of Texas M.D. Anderson Cancer Center 
 
OVERVIEW 
As a result of his 2001 ARP project, Dr. Wong of The University of Texas M.D. Anderson 
Cancer Center received more than $3 million in follow-on research funding. Dr. Wong’s 
research focused on the development of a circuit that would increase the resolution of positron 
emission tomography (PET) cameras. Dr. Wong developed a circuit technology that enables PET 
systems to recover numerous signals simultaneously without losing vital information, thus 
increasing the amount of data that can be translated into medical images. 
 
PROJECT BACKGROUND 
Dr. Wong has been a leading scientist in the development of the PET camera for decades. The 
PET system was first developed in the 1970’s, and researched more extensively in the 1980’s, 
leading to its FDA approval in the mid 1990’s. It is a new instrument used to detect radiation 
decay from reactive nuclei. The PET system is used primarily for detecting and staging cancer 
because it can detect both the location of the cancer is and where it has spread. This system also 
allows a more in-depth picture of cellular functioning than functional magnetic resonance 
imaging (fMRI) because it looks at metabolic changes which occur prior to the anatomical 
changes detected with fMRI scans. For example, PET scans can look at estrogen processing for 
breast cancer, and can see functioning in the brain through cellular activity. 
 
A PET system produces positively charged isotopes to create radioactive nuclei. A radioactive 
material which emits positrons is attached to a substance such as glucose and injected into the 
body, usually through blood circulation. The substance is then drawn to areas that are highly 
active such as cancerous tissues. The glucose is metabolized by the tissue and the interaction 
with tissue causes the emission of gamma rays. Detectors can sense these gamma rays, which are 
emitted by the tens of millions. The gamma rays are then converted into electrical signals. When 
the detectors identify signals, they continue to emit it until it slowly dies away through 
exponential decay. If the next signal arrives before the first signal fades away, it distorts the first 
signal and misses the second signal. Dr. Wong’s 2001 study focused on developing a circuit 
which would allow the recovery of a greater number of signals without distortion due to overlap. 
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RESEARCH PROCESS 
Dr. Wong began by investigating three new techniques to resolve the signal distortion dilemma 
that results when a large number of signals are being detected in a short period of time. One of 
the methods that Dr. Wong developed and tested was applied in a novel way through this 
research and yielded effective results. The “high-yield-pileup-recover” (HYPER) method uses 
sampling techniques to resolve the pile-up difficulty. This technique, however, was overly 
complicated so a modified method which reduces complexity while preserving detection clarity 
was adopted. Dr. Wong found that this technique was particularly useful in solving the problem 
and could be introduced to PET camera systems without prohibitive costs. The new circuit 
system he developed provided an increase in signal detection speed by a factor of twenty, which 
creates a greater range of detection. 
 
PROJECT RESULTS 
Dr. Wong’s 2001 ARP resulted in two patents on circuit technology, one of which has been 
licensed by Grammatica Ideas. Grammatica is a California-based company that is also 
developing animal PET scan systems. Dr. Wong has also received more $3 million in follow-on 
funding from the NIH, which is supporting the development of an entire PET camera. At least 
two publications resulted directly from the ARP project, and subsequent research resulted in 
additional publications. Dr. Wong is continuing to work on developing the camera medical 
imaging and other applications, including oil exploration and bomb detection. 
 
 

 
Case Study Profile: Synthesis of Peloruside A 
Dr. Jef De Brabander 
The University of Texas Southwestern Medical Center at Dallas 
 
OVERVIEW 
As a result of his 2001 Advanced Research Program project, Dr. Jef De Brabander of The 
University of Texas Southwestern Medical Center at Dallas created and patented a process of 
chemical synthesis of the potentially cancer-fighting agent Peloruside A. The State of Texas and 
UT Southwestern experienced economic benefits in the form of licensing revenues from the 
Dallas based company Reata Pharmaceuticals as a result of this project. Due to the 
confidentiality agreement between the parties, however, this amount cannot be disclosed. All 
researchers involved in the project are optimistic about the compound’s potential as a cancer-
fighting agent. 
 
PROJECT BACKGROUND AND PROCESS 
In 2000, Dr. Peter Northcote, of Victoria University in Wellington, New Zealand, isolated the 
compound Peloruside A from Mycale hentscheli sponge which inhabits the coast of the Pelorus 
Sound in New Zealand. Dr. Northcote’s research indicated that the novel substance Peloruside A 
acted similarly to a class of drugs called taxanes, particularly the drug Taxol, which is the 
standard of care for breast and ovarian cancer. Taxol works by inhibiting the proteins which 
polarize spindles of DNA so they can divide in two during cell replication. If this action is 
prevented, then the overactive reproduction of cancerous cells is reduced, and some cells enter a 
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phase of programmed cell death. Early studies of Peloruside A conducted by both Dr. 
Northcote’s and De Brabander’s laboratories demonstrate that the substance acts in the same way 
as Taxol but is more soluble and active against cancer cells that are resistant to taxanes.  
 
A common problem with biologically active chemical substances, however, is that they are often 
isolated from natural sources in amounts too small to conduct viable research or to produce a 
marketable pharmaceutical. It is often necessary to create a synthetic version of the substance 
which can be produced in large quantities and used to determine the effectiveness of the novel 
compound in clinical studies. 
 
Dr. De Brabander’s 2001 ARP work focused on creating a synthetic version of the Peloruside A 
molecule. His research team beat several groups around the country in achieving the first total 
synthesis of the compound. De Brabander used advanced spectroscopic techniques to determine 
the structure. This analysis was then used to synthesize a mirror image of the molecule. The 
process was repeated to create the exact Peloruside A structure. UT Southwestern was able to 
secure a patent for this synthesis process. Dr. De Brabander’s laboratory has published one paper 
with the results of his research and has completed two more to be published shortly. 
 
PROJECT RESULTS 
After the completion of the 2001 ARP project, Dr. De Brabander decided to continue the 
technology development with private industry resources rather than further research grants. 
 
In September of 2003, Reata Pharmaceuticals and UT Southwestern entered a licensing 
agreement to grant the company exclusive commercial rights to the synthesis process and 
verified molecular structure developed by Dr. De Brabander. As a part of the patent agreement 
with UT Southwestern, Dr. De Brabander will receive half of all financial benefit from the 
technology directly, and another 25% will be contributed to his laboratory. The license was one 
of several between Reata and UT Southwestern which involved potential cancer-fighting agents. 
Reata was formed in a strategic initiative funded by private investors, the UT System and the 
State of Texas to adequately capitalize on technologies developed at the research institutions in 
the state. 
 
The University of Texas System received an undisclosed amount of licensing revenue for this 
particular technology and have an agreement to receive a portion of the revenues from any 
commercial sales should the technology lead to a commercial product. UT Southwestern will 
also be reimbursed for all previously expended patent costs. If a synthetic version of Peloruside 
A is brought to the health care market, The University of Texas System will also benefit through 
their large stock holding in the company.  Reata has sponsored research at UT Southwestern 
related to Peloruside and expects to conduct clinical studies of this agent at UT System 
institutions, including UT Southwestern and M. D. Anderson Cancer Center. 
 
Currently Reata is in the mid-phase pre-clinical development stage with Peloruside A and hopes 
to enter human trials by 2008. Dr. De Brabander has joined Reata’s Scientific Advisory Board to 
aid in the research process. In addition to the synthesis process, Reata has also licensed the rights 
to the natural product from Dr. Northcote’s laboratories. Dr. Northcote is currently working on a 
mechanism to create large amounts of the substance naturally through farming mechanisms. If a 
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Peloruside A product is proven to be a successful cancer treating agent, then it could seize a $1 
billion pharmaceutical market. According to the Reata CEO Warren Huff, however, the industry 
literature suggests that drugs at this developmental stage only have a 10-15% chance of actually 
reaching consumers. 
 
 In addition to the potential economic benefits, two of Dr. De Brabander’s students were trained 
in chemical synthesis techniques through the grant support. These students went on to obtain 
employment at Rib-X pharmaceuticals in New Haven, Connecticut and Merck Research 
Laboratories in Rahway, New Jersey. UT Southwestern has also formed a beneficial partnership 
with Dr. Northcote’s laboratories at Victoria University through their collaborative research.  
 
 

 
Case Study Profile: Fundamental Study of Surface Damage Phenomena in 
Polymers 
Dr. Hung-jue Sue 
Texas A&M University 
 
OVERVIEW 
Dr. Sue’s 2001 ARP grant focused on studying the scratch resistance behavior of polymers in 
nanoscale. This project resulted in the creation of an industry consortium with 12 member 
companies to help support the research. Dr. Sue’s research established an American Standard for 
Testing and Materials (ASTM) International scratch test standard for polymers. Additionally, a 
patent was secured for the scratch testing process Sue developed which is currently in the 
process of being licensed. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Dr. Sue was contacted by industry representatives about the need to study impact and scratch 
resistance as well as establish an ASTM International scratch resistance standard for polymers. 
With the ARP funding he received, he established a collaborative arrangement and received 
further industrial support. Dr. Sue’s project concentrated on investigating the scratch behavior of 
a plastic polymer in millimeter and micrometer scales. His work involved three elements:          
1) constructing novel scratch-test machinery, 2) studying scratch impact using microscopic 
methods, and 3) completing three-dimensional mathematical modeling to predict scratch 
damage. 
 
PROJECT RESULTS 
This work was highly successful and the novel scratch-test mechanism Sue developed was 
patented and is in the process of being licensed. Texas A&M will receive 10% of the royalties 
produced through this agreement. This work also facilitated the establishment of an industrial 
consortium including 12 member companies that meet biannually to discuss polymer scratch-
related issues and that has contributed $500,000 to continue the research. Moreover, the work 
established an ASTM International standard scratch tests method for polymers.  
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Case Study Profile: Cellular Mechanisms in the Ocular Actions of 
Endothelins 
Dr. Thomas Yorio 
University of North Texas 
 
OVERVIEW 
Dr. Thomas Yorio’s Advanced Research Program project enabled him to study the role of the 
protein group endothelins in the eye disorder glaucoma. Dr. Yorio’s 1995 project resulted in over 
$2 million in follow-on research funding. Additionally, three inventions resulted from the project 
and two patents were filed. 
 
PROJECT BACKGROUND 
Dr. Yorio’s project studied the role of endothelins in glaucoma. Endothelins are proteins found in 
the body, which are usually involved in the cardiovascular system but are also present in the eye. 
It was hypothesized that endothelins may play a role in regulating the aqueous humor, which 
maintains the pressure of the eye, because the tissue that produces endothelins is involved in this 
process. 
 
While investigating the process of regulation, Dr. Yorio discovered that endothelins had some 
detrimental effects on some of the other tissues in the back of the eye. Other researchers also 
started to show that patients with glaucoma had elevated levels of endothelin in their eyes and in 
their blood. Through several experiments, Dr. Yorio discovered that increased pressure in the eye 
increases the amount of endothelin in the eye. This increase in endothelin at the optic nerve head 
results in damage to the optic nerves. It is believed that endothelins may be one component that 
determines the pathology of glaucoma.  
 
PROJECT RESULTS 
Dr. Yorio’s research is continuing primarily as he attempts to identify beneficial drugs to block 
these proteins in the eye. Three patent applications were filed for candidate drugs, but only two 
are under consideration. These patents are primarily for drugs that would prevent the actions of 
various proteins and act as protectants for the optic nerve. Dr. Yorio’s research resulted in more 
than $2 million in follow-on research funding from sources including the National Institutes of 
Health. He has also received further funding from the HECB with a 2001 ATP grant and a 2006 
ARP grant, both related to the development of these protectants. Over 20 publications have 
resulted directly from Dr. Yorio’s research under the ARP, ATP, and NIH funding. 
 
Dr. Yorio is confident that the ARP support he received permitted him to obtain the preliminary 
data necessary to secure almost 10 years of NIH funding. Though he may have been able to start 
this research without such support, the ARP grant he received made it substantially quicker and 
easier. As a result of this research, Dr. Yorio has become a leader in the area of endothelin 
research for optic applications. He was the first ocular researcher to be invited to the annual 
international endothelin research conference. His research has further aided his field in 
identifying the importance of this protein to ocular applications, which may prove very beneficial 
in developing a treatment for glaucoma and other optical disease. 
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Case Study Profile: Shock Physics Simulation for Aerospace Engineering 
Design 
Dr. Eric Fahrenthold 
The University of Texas at Austin 
 
OVERVIEW 
Dr. Eric Fahrenthold, working at The University of Texas at Austin, was able to use his 
Advanced Research Program funds to develop a program to model high velocity impacts with 
the space shuttle. Dr. Fahrenthold’s 1999 ARP grant titled, “Shock Physics Simulation for 
Aerospace Engineering Design,” resulted in $325,000 in follow-on research funding. 
Additionally, a computer code called EXOS, which completes these complicated calculations, 
has been developed and copyrighted and seven academic publications have been completed. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Dr. Eric Fahrenthold has long worked on the problem of modeling hypervelocity impacts in 
space. His calculations and simulations could be used to prevent tragedies like that of the 
Columbia space shuttle in 2003. 
 
A primary problem with modeling high velocity impacts, such as those that would occur between 
a pebble in space and the space shuttle shield, is that the motion of the impact involves both 
elemental and particle physics. Different physical changes result when a mass is chemically 
bonded in a large form, such as a shield, than when it is contained in discrete particles, such as a 
small pebble. A collision between a small object traveling at high velocity in space and a space 
shuttle shield will cause the shield trajectory to change based on elemental models and the object 
and debris to travel according to laws of particle motion. 
 
 

Figure 6.2 Hypervelocity Impact with Space Shield 
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In 1993, Dr. Fahrenthold received funds from the ATP to study particle motion in hypervelocity 
collisions, providing the foundation for his continued particle research. In 1999 he received ARP 
funds to continue similar research by studying elemental motions in high impact collisions. Dr. 
Fahrenthold received further funding from the National Science Foundation, and the National 
Aeronautics and Space Administration (NASA) to continue his study of particle motion at high 
velocity using similar methods. He collaborated with scientists at NASA and was able to obtain 
computer time there and at the Texas Advanced Computing Center (TACC) at UT Austin for his 
simulations, which sometimes took several days to run.  
 
In 2001, he developed a hybrid computer modeling code called EXOS which combined particle 
and elemental simulations. EXOS has since been copyrighted as a novel formulation of particle 
and elemental modeling of high velocity collisions. NASA has been working with Dr. 
Fahrenthold to validate his computational results through experimentation at their facilities. The 
results of this computer model will likely be very beneficial to space craft shield design. 
 
PROJECT RESULTS 
Dr. Eric Fahrenthold’s support from the ARP enabled him to obtain the preliminary data 
necessary to secure further NSF funds. He also received support from NASA prior to, during, 
and subsequent to his ARP funding period. The total research funds awarded which can be 
attributed to ARP are $325,000.  
 
Since the ARP is willing to fund riskier ideas than many national funding agencies, receiving this 
support was a necessary step in the development of the EXOS technology. Dr. Fahrenthold felt 
the academic commercialization process used to obtain a copyright for his EXOS code was a 
fairly good system that allows researchers to concentrate on their academic interests and not on 
legal issues of which they may have little knowledge and/or interest.  
 
Additionally, seven academic papers have been published on this work. An extension of the 
same modeling technique is also currently being applied to a project for the Office of Naval 
Research to model body armor impact. 
 
 

 
Case Study Profile: Molecular Alterations of Source/Sink Carbohydrate 
Metabolism to Improve Cotton Yield 
Dr. Scott Holaday 
Texas Tech University 
 
OVERVIEW 
Dr. Scott Holaday’s 1993 Advanced Research Program project attempted to modify sucrose 
synthesis in cotton to improve the strength of cotton fibers. Dr. Holaday’s work was further 
funded through a 1995 ATP grant, another ARP grant in 1997, and a 2001 Technology 
Development and Transfer (TDT) grant, for a total of $569,400 in funding from the HECB. He 
also received $500,000 in funding from the United States Department of Agriculture (USDA) 
and industrial sources. A patent has been secured by Texas Tech University for this technology. 
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Thus far, Dr. Holaday has been successful in demonstrating the success of his method in the 
laboratory, though efforts persist to obtain consistent results in the field. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Dr. Holaday and his research team used ARP funds to prove that by increasing the amount of the 
naturally occurring plant enzyme sucrose phosphate synthase in cotton cells, they could increase 
the amount of sucrose the cotton plant produced. The research team inserted genetic material 
which codes for the enzyme in cotton nuclei to cause it to produce greater amounts of the 
enzyme. This caused the cotton plants to produce more sucrose, which was then used in the 
creation of the complex carbohydrate cellulose, the molecule which forms plant walls. Cellulose 
production was increased in plants with the genetic transformation, particularly during periods of 
environmental stress. The increased cellulose production improved the fiber strength of the 
transgenic cotton plants in the laboratory, though not as dramatically as experimenters had 
hypothesized. 
 
PROJECT RESULTS 
Dr. Holaday has received a total of $500,000 from non-HECB sources to continue this research. 
He has received approximately $100,000 from the USDA, and another $400,000 from industrial 
sources. A patent has been secured on the cotton strain that Dr. Holaday developed. 
 
This cotton strain demonstrated improved fiber quality in the laboratory, but field results were 
inconsistent. Dr. Holaday has continued the research by looking at other methods of improving 
cellulose synthesis by acting directly on the mechanisms regulating the plant fibers. Preliminary 
results indicate that this yields consistently improved fiber strength in the laboratory, though it 
has not yet been determined if this will translate to successful results in the field. 
 
 

 
Case Study Profile: Increasing Enzyme Stability 
Dr. C. Nick Pace 
Texas A&M University 
 
OVERVIEW 
Dr. Nick Pace, of Texas A&M University, used his ARP funds to begin studies on ribonuclease 
Sa, one of the smallest known enzymes. Dr. Pace’s 1993 Advanced Research Program project 
titled, “Increasing Enzyme Stability,” resulted in over $5 million in follow-on research funding. 
Additionally, 20 Ph.D. students have been trained as a part of this work over the course of the 
ARP grant and subsequent research. Seventeen students have received full-time positions in 
related fields, which include academic positions and positions in the biotechnology industry. Dr. 
Pace’s studies on the ribonuclease Sa protein have greatly improved our understanding of protein 
stability and of the potential methods to increase protein stability. 
 
PROJECT BACKGROUND                                                                                                                                   
Dr. Pace’s studies enabled him to collaborate with researchers from Slovakia, who are experts in 
the molecular biology and crystallography of ribonuclease Sa. Together, they studied the 
fundamental forces involved in binding drugs and in stabilizing proteins. Ribonuclease Sa comes 
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from a microorganism, Streptomyces aureofaciens, which is industrially important to Slovakia 
because it is used to produce antibiotics.  
 
Ribonuclease Sa is one of the smallest enzymes known, having only 96 amino acids. Dr. Pace 
conducted experiments, in combination with the team from Slovakia that was supported during 
their travels partially by ARP funds, to determine how the properties of different combinations of 
amino acids affected the structure of the protein molecule. The researchers changed one amino 
acid at a time to see how it would affect the structure, function, and stability of the enzyme. The 
eventual goal of Dr. Pace’s research is to predict the three-dimensional structure of enzymes 
given just the amino acid sequence. Dr. Pace has also used his ARP funds to study the solubility 
of certain structures by changing amino acids and determining if the solubility increases or 
decreases. Through his research, he has begun to develop methods to make enzymes more stable 
and more soluble. This information is important to the biotechnology industry because it can 
enable the better understanding of protein functioning in the body and in pharmaceutical design. 
 
PROJECT RESULTS 
The early funding that Dr. Pace received from the ARP enabled him to obtain continuous support 
from the National Science Foundation and the Robert A. Welch foundation, totaling $5 million 
in follow-on research funding. This research has resulted in over 30 publications and has greatly 
increased our understanding of the structure, function, stability, and solubility of proteins. 
Currently, there are over 60 research groups actively working in the on the same type of 
research. Dr. Pace’s research has also allowed him to collaborate with various companies 
including Amgen, Chiron, Abbot Laboratories, and Stryker Biopharmaceuticals. 
 
 

 
Case Study Profile: Geological Applications of Computerized X-Ray 
Tomography 
Dr. William Carlson 
The University of Texas at Austin 
 
OVERVIEW 
Dr. William Carlson’s 1989 and 1991 ARP grants secured approximately $3.9 million in follow-
on funds for The University of Texas at Austin and the State of Texas. Dr. Carlson was a pioneer 
in the application of medical imaging techniques to geological study. He used ARP funds to 
perform Computed Tomography (CT) scans of geological materials to investigate crystal 
formation. This research helped to secure the funding of a national research facility funded by 
the Keck Foundation, The University of Texas, and the National Science Foundation. Texas has 
also benefited from increased prestige as the host of a national research center and the 
publication of several academic papers. 
 
RESEARCH PROCESS 
Dr. Carlson’s ARP studies were aimed at two specific goals: 1) to study crystal formation in 
deep parts of the earth and 2) to develop the application of medical scanning techniques to 
geographical research. His 1989 and 1991 grants successfully advanced both of these objectives. 
Dr. Carlson and his research team used ARP funds to pay for the use of an industrial CT 
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scanning facility in Austin where they analyzed three dimensional images of crystalline rock 
structures.  
 
At the time, scientists were in disagreement over three competing theories regarding crystalline 
growth regulation. The first suggested that crystal growth is modified by energy inputs. A second 
postulated that growth is paced by the rate of particle attachment to crystal surfaces. The third 
formulation, which has been termed “diffusion controlled nucleation and growth,” is that crystal 
formation and growth is regulated by the speed of diffusional transport of materials needed for 
crystal growth. Dr. Carlson’s images found data to support this third idea and it has since become 
the dominant theory of crystal formation and growth. 
 
Additionally, Dr. Carlson’s work on the development of applications of medical scanning 
techniques has led to profound benefits to Texas and other researchers in his field. In 1997, the 
research team persuaded the Keck Foundation, The University of Texas at Austin, and the 
National Science Foundation to fund the construction of the first CT scanning device uniquely 
designed for geological purposes. The equipment is much more effective for geological research 
because it is able to provide images of two orders of magnitude higher spatial resolution than 
medical imaging, which is limited by concerns for human safety. In 1999, the research facility 
became a NSF multi-user facility and funding has grown through two additional grant renewals. 
Approximately 100 scientists from around the country and the world come to Austin every year 
to utilize the resources of this advanced facility. 
 
PROJECT RESULTS 
Dr. Carlson has received $3.9 million in follow-on research funding as a result of his ARP 
project from the Keck Foundation, the National Science Foundation, and The University of 
Texas at Austin. These three contributed a total of $1.08 million to the construction and related 
computer systems of the geological CT device. The remaining follow-on funding was provided 
through NSF support of the laboratory. 
 
Dr. Carlson and his research team have published numerous papers in academic journals. The 
ARP grants specifically resulted in at least six contributions to peer-reviewed publications on the 
subjects of diffusion controlled nucleation and growth and applications of medical imaging 
techniques to geological studies. His further work, and those of his colleagues from around the 
country who have used the imaging equipment, has contributed strongly to advancements in 
geological studies. 
 
Additionally, seven graduate students were trained during the initial two ARP studies. These 
students received exposure to state-of-the-art technology in addition to training in scientific and 
problem solving techniques. After graduating, students went on to obtain employment at various 
places including ConocoPhillips and Western Washington University.  
 
The idea of applying medical imaging techniques to unique scientific investigation has since 
expanded beyond the earth sciences and into other fields. While this may have occurred without 
the ARP funding, Dr. Carlson believes that it would not have occurred as quickly or effectively if 
it had not been for the ARP support he received. 
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Case Study Profile: Development of Cosmogenic 3He Surface Exposure 
Dating Technique: Applications to Quaternary Geology 
Dr. Elizabeth Anthony 
The University of Texas at El Paso 
 
OVERVIEW 
Dr. Elizabeth Anthony’s 1993 ARP work at The University of Texas at El Paso has been a strong 
component in continuing her successful academic career. Dr. Anthony used her ARP funds to 
study a new technique to determine the ages of young lava flows in New Mexico. Dr. Anthony 
has received $4 million in follow-on research funding to continue this work and is currently 
working with the Kenyan government to develop their geothermal energy sources. 
 
PROJECT BACKGROUND AND RESEARCH PROCESS 
Researchers in the early 1990’s discovered that cosmic waves entering the atmosphere interact 
with the earth’s surface and form isotopes. One isotope they form is Carbon-14, which has 
historically been used extensively for dating purposes because it is radioactive and thus decays at 
a constant rate.  
 
Dr. Anthony’s 1993 ARP grant allowed her to study another cosmogenic isotope (3He) as a new 
surface dating technique that could be used to establish ages for young lava flows in New 
Mexico. She worked in collaboration with researchers at the Los Alamos National Laboratory in 
New Mexico and was able to use their sophisticated equipment due to the ARP funding she 
received. 
 
PROJECT RESULTS 
Through this project, Dr. Anthony became an expert in young volcanism and was able to pursue 
further funding related to this work. 
 
In 1996 Dr. Anthony began a similar project in the East African Rift which was funded partially 
due to the reputation she had built with her successful ARP project. This grant developed into a 
collaboration with the Kenyan government to improve their method of geothermal energy 
extraction. Holes can be drilled near the magma chambers of young volcanoes to extract energy 
in the form of steam. Currently, this method is used to supply 8-10% of Kenya’s annual energy 
consumption. In the next 10-20 years, however, the country aims to use this cheap and 
environmentally friendly source to supply 30-40% of their growing energy needs. 
 
Anthony works directly with a national energy company in Kenya, KenGen. One of the 
representatives with whom she works at the company was a former student who directly 
benefited from ARP funds when he was completing his Ph.D. Five additional students were 
trained with ARP support during the project, one of whom is now a tenure-track faculty member 
in Arkansas. 
 
Dr. Anthony is also funded by the NSF with an ADVANCE grant. The goal of this program is to 
improve the participation and success of women in science and engineering fields. Dr. Anthony’s 
strong reputation enabled her to obtain this funding in 2003 to recruit, train, and retain female 
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scientists at The University of Texas at El Paso, which is the only university in Texas to have 
received this funding. 
 
Dr. Anthony’s success highlights the ability of ARP funds to launch a successful academic 
career. Anthony believes that her early funding from the Texas HECB enabled her to build the 
national reputation which has made her successful in competing for federal grants. Since the 
ARP grant, she has received $4 million in follow-on research support, primarily from the NSF in 
relation to her ADVANCE grant. 
 
 
Included below are a number of short summaries on other successful projects. 
 
 

 
Hydrogen Analysis from Direct Recoil Spectrometry  
Dr. J.W. Rabalais 
University of Houston 
 
Hydrogen acts as a catalyst in the numerous chemical reactions in which it is involved. Hydrogen 
is also the lightest element with a mass of only one atomic unit, making it very difficult to detect. 
With help of a 1987 ARP grant, Dr. J.W. Rabalais of the University of Houston developed a 
method to look at small amounts of hydrogen on various surfaces using a pulsed ion beam. This 
method is also capable of detecting other elements and providing information about the surface 
of the material to which the element is attached. Dr. Rabalais secured approximately $500,000 
from the NSF to continue this research. A patent was secured for the detection of hydrogen, but 
has not been licensed because there is a much higher demand for detection of hydrogen in bulk 
for which there is a more efficient method. Several universities in the United States, Japan, 
Germany, France, and England have built their own pulsed ion beam mechanisms based on Dr. 
Rabalais’ model. 
 
 

 
The Development of a Novel Room-Temperature Electrically-Induced Resistance Effect In 
CMR Films 
Shangqing Liu 
University of Houston 
 
Recently there has been much interest in developing a new technology for long-term information 
storage that does not require a power source. Currently, electronic memory is divided into 
“volatile” and “nonvolatile” categories. Volatile memory requires an energy source, such as 
Random Access Memory (RAM), whereas nonvolatile memory can retain information without 
power, but because of its limitations is commonly used as secondary or long-term storage. If a 
nonvolatile computer memory system can be developed with the performance metrics of volatile 
systems, significant advances can be made to computing. 
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Dr. Shangqing Liu, with his colleagues working at the University of Houston, used his 1999 
Advanced Research Program grant to develop a novel non-volatile memory device with some 
promising properties. A patent was secured on the technology and has been licensed by Sharp 
Corporation of Japan where further research is continuing. 
 
 

 
Using Molecular Probes to Study Protein-Ligand Interactions and Probing the Structural 
Basis for Enzyme Specificity 
Dr. Stephen Martin 
The University of Texas at Austin 
 
In the context of designing and developing new therapeutic agents, medical chemists have long 
believed that pre-organizing molecules in the shape they adopt when they bind to a protein will 
make them bind better to their targets. Through research he completed with his 1999 and 2001 
ARP grants, Dr. Stephen Martin of The University of Texas at Austin has discovered that these 
beliefs are not necessarily true, and constrained molecules can have unfavorable binding 
properties. This remarkable discovery coupled with his continued research will change the way 
scientists think about the structure-based design of pharmaceutical agents. 
 
 
 

 
High Precision Measurement of Stellar Radial Velocity Variations 
Dr. William Cochran 
The University of Texas at Austin 
 
Discovering new planets that orbit around other suns is a very difficult task because planets look 
very faint compared to bright objects like stars. The Doppler effect can be used, but requires 
extremely high measurement precision.  Dr. William Cochran’s 1987 ARP grant at The 
University of Texas at Austin proposed building a special instrument called an interferometer to 
achieve the necessary precision. This instrument proved unsuccessful, but was able to help 
Cochran develop new techniques that were later found to be successful. The successful technique 
consists of taking a glass cylinder, evacuating it, and filling it with molecular iodine gas. This is 
then sealed and the temperature is stabilized to 0.1 degree centigrade. The cylinder is then used 
to observe and measure Doppler shifts which would indicate the presence of a planet. This 
technique is now widely used in this field because it is both easy and stable. Researchers 
studying the sun had previously applied this method, but it had not been used in the search for 
planets outside our solar system. Dr. Cochran and his research team have used the iodine gas 
filled cylinder to identify 18 planets orbiting other stars. 
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Determination of the Rest Mass of the Electron Antineutrino 
Dr. Manfred Fink 
The University of Texas at Austin 
 
The universe is made up of numerous particles; the most abundant of these is the antineutrino. 
Until the 1970’s it was believed that these elementary particles had no mass. When it was 
discovered that the particles did have mass, researchers around the country began work to 
quantify this value. The mass of the antineutrino is particularly important because it can be found 
in such large quantities in the universe. If the mass is substantial enough, physical calculations 
predict that the universe will stop expanding and contract back on its own weight. If the mass is 
very small, however, these calculations predict that the universe will continue expanding into 
infinity.  
 
Dr. Manfred Fink of The University of Texas at Austin has received five ARP grants (1987, 
1989, 1991, 1995, and 1997) to try to determine the mass of the antineutrino. His research has 
resulted in a national collaboration funded by the NSF. 
 
 

 
Designer Protein Synthesis via Novel Enzyme Engineering 
Dr. Susan Martinis 
University of Houston 
 
All cells make proteins, which are made up of specified sequences of amino acids. Enzymes that 
activate amino acids have an editing ability so that if they activate the wrong amino acid, they 
can fix the mistake. Dr. Susan Martinis of the University of Houston wanted to make novel 
amino acids that were not found naturally in proteins. To do this it was necessary to halt the 
editing activity to make the enzyme absorb the amino acid that it synthesized. If this was 
possible, scientists may be able to synthesize proteins with novel properties. Through a 1999 
ARP grant, Dr. Martinis was able to successfully deactivate the editing ability of an enzyme and 
force it to code for a novel amino acid. This procedure had never before been done with an 
enzyme. The results of this research enabled Dr. Martinis to obtain close to $1 million in follow-
on research funding from the NIH, as well as $150,000 from the Robert A. Welch foundation. 
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Chapter 7 – Start-up Company Commercial Activity 
 
HIGHLIGHTS 
 

• Based on two independently cross-referenced sources, as well as numerous 
verification efforts, 11 start-up companies have been formed based on ARP-
funded research projects. 

• Active start-up companies employ approximately 301 full-time employees with 
172 of them based in Texas. Total salaries to date are estimated to be, at a 
minimum, $19.25 million.76 

• The total economic benefit of this commercial activity, in the form of revenues, 
venture capital funding, employee salaries, and R&D funding, attributable to ARP 
is over $123.6 million. The total benefit in Texas is estimated at approximately 
$45 million. 

• Company profiles, including their ARP association, current status, future 
prospects, and economic impacts are included in this chapter.  

 
 
INTRODUCTION 
Methodology and data issues are complicated when determining start-up company commercial 
activity related to the Advanced Research Program (ARP). Since the ARP funds basic research, 
any commercialization after completion of the project will require additional, later-stage funding. 
Determining the portion of economic benefit applicable to the ARP, therefore, becomes 
challenging as numerous funding sources enter the picture. Additionally, privately-held 
corporations, as are all but one of the companies discussed on the subsequent pages, are not 
required to disclose any financial information and are often not closely covered in the business 
press. Finally, as companies undergo business permutations such as mergers, acquisitions, and 
other consolidations, they can become difficult to recognize. Consequently, tracking commercial 
activity and apportioning financial cause and effect among entities associated with ARP 
presented difficulties. Nonetheless, it was possible to identify 11 companies whose creation is 
associated with ARP support.  
 
 
NUMBER OF START-UP COMPANIES  
 
Two independent sources of information were used to determine the number of start-up 
companies formed from ARP-funded projects. These two sources were cross-referenced, and 
                                                 
76  Total salary values to date in Texas obtained by dividing the current annual salary by the number of years the 
company has been in operation and assuming that salary grew by that amount each year (that salaries grew at a 
constant rate). The salary value for each year was obtained and these were summed to find an estimate of the total 
salaries to date. For example, Joyant has annual salaries of $1.7 million and has been in business for two years (2005 
and 2006). The $1.7 million value was divided by two, to find a first year salary amount of $850,000 and a second 
year amount of $1.7 million. The 2006 amount was multiplied by 0.75 to account for economic benefit through 
September 2006 (date of this writing). While this method of estimation is likely arbitrary, it was a conservative way 
to estimate prior year salaries without reliable data. As a result, these figures should be considered absolute 
minimums. No allocation was made in determining salary figures based on the percentage of company formation 
attributable to ARP support. 
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independent verification was completed by contacting the ARP principal investigators (PIs) and 
company executives. The independent data sources and the verification process reinforce the 
reliability of the data. 
 
The first data source was the survey of PIs of ARP projects. PIs were asked,  
 
“How many companies were formed as a result of your initial two projects? Please include only 
those companies formed in Texas with at least $5000 in start-up capital investment.” 
 
A total of 20 companies were listed for this question, although after interviews with PIs and 
company executives, this number was lowered to ten. The second data source was information 
previously collected and maintained by the staff of the Texas Higher Education Coordinating 
Board (HECB) based on reports filed by PIs. This list identified eight companies which had been 
created based on ARP-developed technologies. After further investigation, it was determined that 
five of these companies were not related to ARP projects. Two companies on the final list, 
Pharmacyclics and RSET, were listed by both PIs and the HECB. 
 
At least one representative was contacted for every company listed, and often multiple sources 
were sought to determine if a company should be included in the final list. If it was determined 
that the company had resulted at least partially from ARP-developed technology, interviews 
were requested both with the PI and company representatives to determine the financial impact 
of operations. Data obtained from these sources as well as financial databases such as Dun & 
Bradstreet, are compiled on the following page by company. The total known quantifiable 
benefits are summarized below. 
 
 
 

Table 7.1 Known Quantifiable Economic Benefits by Company:77 
 
 Pharmacyclics, Inc.        $78.50 million78 
 Applied Optoelectronics, Inc.         11.53 million 
 RSET, Inc.             0.75 million 
 LabNow, Inc.           22.50 million 
 OptiDi              0.10 million 
 Neurosys Games          0.075 million 
 Joyant Pharmaceuticals       10.125 million 
 
  Total benefit:      $123.58 million 
  Total benefit in Texas:      $45.08 million 

                                                 
77 Note that only seven companies are listed here as four companies had no known economic benefits. 
78 Company is not headquartered in Texas nor does it have significant operations in the state. 
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Table 7.2 Start-Up Company Commercial Activity Economic Impacts 
 
 
 
 
  

                                                 
79 Global Scientific Research and Global Scientific have the same five employees who are all principals of the companies. 
80 All employees are principals of the company. 
81 Global Scientific Research and Global Scientific have the same five employees who are all principals of the companies. 
82 All employees are principals of the company. 
83 This number is estimated based on a conservative average employee salary level of $50,000. 
84 Research and development funding and expenditures executed through The University of Texas at Austin for company-owned technology. 
85 The high average salary ($100,000) is attributable to the large number of scientists and well qualified researchers at this company. 
86 Eighteen of whom are located in Texas. 

New Company Name       Formation 
Date City  State Status 

Annual 
Sales 

Revenue 

Annual 
Job 

Estimate 

Annual 
Salaries 

R&D 
Expenditures 

to Date 

Funding 
Investment 

to Date 

Pharmacyclics, Inc. 1991 Sunnyvale CA R&D $0 120-130 
$30 

million unknown 
$300 

million 
Global Scientific Research 

Corporation 2002 Lubbock TX R&D $0 579 $080 unknown unknown 
Global Scientific, Inc. 2002 Lubbock TX R&D $0 581 $082 unknown unknown 

Applied Optoelectronics, 
Inc. 1997 Sugar Land TX active 

$18 - 20 
million 130 

$6.5 
million83 $10 million 

$57.65 
million 

RSET, Inc. 2000 Austin TX R&D $0 0 $0 $0.55 million84 $200,000 

LabNow, Inc 2004 Austin TX R&D $0 20 
$2 

million85 confidential $19 million 

OptiDi unknown 
College 
Station TX defunct $50,000 0 $0 unknown unknown 

Neurosys Games 2005 Austin TX planning $0 3-5 unknown unknown $75,000 
Amorphous Carbon 

Solution 1995 Lubbock TX holding $0 0 $0 unknown unknown 

Joyant Pharmaceuticals 2004 Houston TX R&D $0 2286 
$1.7 

million $4 million $4 million 
Anionics unknown Austin TX holding $0 0 $0 $0 $0 
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COMPANY PROFILES 
 
Below are short descriptions of the 11 companies attributable to ARP. The profiles are intended 
to illustrate the diversity of company histories, the variety in which projects have generated 
economic impacts, and the difficulties start-up companies face. The profiles are also intended to 
provide a richer understanding of the magnitude of economic impacts directly or indirectly 
generated by ARP grants and the potential for future growth and economic benefit possible at a 
number of the companies. 
 
Many economic benefits may not have been captured due to time and data constraints. The 
impacts that could be estimated are conservatively reported and only include data that has been 
independently substantiated. Nonetheless, the economic returns to the State of Texas due to 
commercial activity have been substantial and are continuing. 
 
 

 
Pharmacyclics Inc. was founded in 1991 to commercialize Dr. Jonathan Sessler’s research on 
texaphyrins that began with a 1987 ARP grant. In the late 1970s and early 1980s, Dr. Sessler was 
a graduate student at Stanford and was being treated for cancer by Dr. Richard Miller, an 
oncology Fellow at the Stanford University Medical Center.  Discussions between Drs. Sessler 
and Miller regarding novel therapies sparked a collaborative idea that later would launch the new 
company.  
 
The initial development funding for the texaphyrins came almost entirely from the ARP grant, 
although early, as-yet-unsuccessful synthetic work was supported by the National Science 
Foundation under the aegis of an unrestricted Presidential Young Investigator Award. 
Subsequent development of texaphyrins, now renamed at Xcytrin® (motexafin gadolinium), as 
possible therapeutic agents benefited substantially from funding provided by the National 
Institutes of Health and from Pharmacyclics, Inc. Overall, Dr. Sessler attributes 25% of the 
economic benefit from texaphyrins to the initial ARP grant, 5% to a subsequent 1995 TDT grant, 
50% to the National Institutes of Health (NIH) funding, and the remaining 20% to 
Pharmacyclics, Inc. In total, Dr. Sessler has received eight ARP/ATP/TDT awards.87 The 
original technology was licensed from The University of Texas in 1991. Under this agreement, 
no royalty payments are due to the university until such time as licensed products are sold. (None 
of its products has yet been approved.) However, equity in Pharmacyclics, Inc. was received, as 
well as milestone and licensing payments of approximately $50,000/year. Pharmacyclics 
currently employs three former students from Dr. Sessler’s laboratory at The University of Texas 
at Austin, including the senior director of chemical development and director of technology 
development and licensing, both of whom are also co-inventors of the technology.  
 
 

                                                 
87 His 1999 ARP award on anion sponges also resulting in a new company, Anionics Inc. Currently this entity is 
principally holding several patents targeting commercial opportunities associated with anion recognition chemistry. 
 

COMPANY PROFILE: Pharmacyclics 
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Pharmacyclics is located in Sunnyvale, California because of the cofounder’s ties to Stanford 
University and the ability of companies located in Silicon Valley to raise venture funding in the 
1990’s. Pharmacyclics has been publicly traded under the stock symbol PCYC since 1995. The 
company employs approximately 120-130 full-time workers and occupies approximately 32,500  
square feet at its headquarters in Sunnyvale.  
 
Operating expenses (including salaries, R&D, and administrative costs) are about $33 million per 
year. The firm has raised approximately $300 million. Of that amount, $20 million was from 
venture financing and the remainder was through its initial and follow-on public offerings. In 
August 2006, a commitment was reached for up to an additional $20 million in equity funding 
through a private placement with Azimuth Opportunity Ltd.88 In late November 2006, 
Pharmacyclics had a market capitalization of $127 million and an enterprise value of $90 
million. The stock has traded from a low of approximately $2.5 per share to $80 per share and 
was above $20 for the entire 2000-2002 time period. In late November 2006, a share was valued 
at about $6.00.  
 
Recent changes in the share price and company valuation have centered on prospects for 
Xcytrin®, the anti-cancer drug based on Sessler’ research, designed to delay progression of non-
small cell lung cancer that has spread to the brain. Brain metastasis (brain mets) is a common and 
devastating problem that is increasing in incidence as patients with cancer experience longer 
survival. Pharmacyclics’ share price was above $9 per share for most of 2005 and then was 
halved when results were first announced for a phase III clinical trial known as SMART. This 
trial, conducted at 94 leading centers in the U.S., Canada, Europe and Australia, showed an 
improvement in median time to neurologic progression from 10 months for the control patients 
to over 15 months for the treated group. However, the SMART trial initially was perceived to be 
a failure as the improvements did not achieve statistical significance for enrolled patients 
(N=554, P=0.12).   
 
Upon closer review of data from the various sites, the investigators determined that the treatment 
protocol was not followed in a few European sites, and these atypical protocols skewed the total 
trial. In North America, where consistent standard treatment practices were employed, the study 
was overwhelmingly positive with a P=0.004, whereas in the European trial sites, the results 
were drastically different. Pharmacyclics is now in discussions with FDA regarding the potential 
for approval based on the “per protocol” treated efficacy seen in the study. A filing is expected in 
late 2006 or early 2007, with an FDA decision expected in 2007.  
 
If approved, it is anticipated that Xcytrin® for non-small cell lung cancer brain mets would 
address the needs of a potential market of 90,000 patients per year in the United States, and 
potentially another 60,000 outside the United States. The annual potential revenues could exceed 
$1 billion based on conservative estimates. For now, however, the economic impact of the ARP 
research can only be estimated from prior economic events.89 Based on the $314 million in 

                                                 
88 As of March 2006, PCYC had an accumulated deficit of $274 million, approximately $40 million cash, and an 
annual burn rate of approximately $30 million.  
89 Methodologies for estimating the economic impacts of health-related research are grouped into four categories: 
direct cost savings that arise from new treatments; indirect cost savings achieved from the avoidance of lost 
production; economic gains from consequent employment, product development and sales; and, societal health gains 
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company expenditures and current assets, the amount attributable to ARP is estimated at 
approximately $78.5 million.  
 
 

 
Both Global Scientific Research Corporation and Global Scientific, Inc. were founded in 
Lubbock, Texas partially as a result of research conducted through the ARP and ATP support 
received by Dr. Clifford Fedler and Dr. Nick Parker at Texas Tech University. Global Scientific 
Research Corporation was founded in 2002 as a not-for-profit corporation. Global Scientific, Inc. 
was founded as an analogous for-profit entity. Their parent company, Global Green Power, was 
established in January 2002 to produce and market electrical power generated from the plethora 
of renewable biomass sources.   
 
Both Global Scientific Research Corporation and Global Scientific, Inc. are working with groups 
from around the country to capture the water run-off from cattle-feed operations, water treatment 
plants, and other processes, and reuse it in another capacity such as the cultivation of aquatic 
plants which have commercial value. Currently the only employees are the principals in the 
companies. Since the companies were founded, they have consulted on more than 100 proposals 
of integrated conservation systems which involved at least 3,000 people. They are currently 
working to identify projects which can begin to generate revenues and profits. 
 
 

 
Applied Optoelectronics Incorporated (AOI) develops and manufactures advanced optical 
components, including laser diodes, photodiodes, and related modules and circuitry for 
applications in fiber-to-the-home, cable television, data communications, telecommunications, 
wireless, and spectroscopy. AOI's products are used in broadband networks around the world, 
principally by major equipment manufacturers in more than 20 countries.  
 
AOI is a spin-out from the Space Vacuum Epitaxy Center at the University of Houston, a NASA 
sponsored Commercial Space Center focused on technology development and 
commercialization. The impetus for AOI was a 1997 ARP grant to Dr. Shin-Shem Steven Pei at 
the University of Houston titled, “A Quantum Cascade Multi-color Mid-Infrared Source.” 
 

                                                                                                                                                             
measured by the equivalent monetary value of life. Because PCYC has not yet introduced products, the third 
approach is most applicable. See https://www.who.int/bulletin/volumes/82/10/733arabic.pdf. Estimating the 
Economic Value to Societies of the Impact of Health Research: A Critical Review, Martin Buxton et al. Bulletin of 
the World Health Organization 2004; 82:733-739 http://www.scielosp.org/scielo.php?pid=S0042-
96862004001000007&script=sci_arttext and The Economic Value of Medical Knowledge, Kevin M. Murphy et al. 
University of Chicago University of Chicago 
http://gsbwww.uchicago.edu/fac/kevin.murphy/vita/medicalknowledge.pdf  
 

COMPANY PROFILE: Global Scientific Research & Global Scientific, Inc. 

COMPANY PROFILE: Applied Optoelectronics, Inc. 
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ARP was a small, but very important, portion of Dr. Pei’s research program at the time. (He also 
had two grants from the National Science Foundation.)  His research focused on applied 
research: improving the performance of small jammers for fighter jets. The 1997 ARP allowed 
fundamental research to be conducted which took the potential applications to the next level. In 
2001-2002, additional support came from the Department of Defense.  
 
Dr. Pei’s group included Dr. Thompson Lin, the current CEO of Applied Optoelectronics who 
was initially a research scientist at the University of Houston. Dr. Lin was involved with the 
beginning of the research in 1995. The research group also included a number of post-doctoral 
and doctoral students who have since received their degrees and become officers of AOI. 
 
For its first two years, the company was located on the University of Houston campus and had 
about 10 employees, the majority of whom were graduate students or former graduate students. 
In 2000, the company constructed its headquarters and manufacturing facility at a cost of $7.2 
million. When the company moved into the building in December 2000, there were 35 
employees. The 24,000 square foot facility in suburban Houston now is valued at approximately 
$3 million in real estate. Another $19 million in equipment is contained within the building.  
 
During the early years, AOI had nine National Science Foundation (NSF) Small Business 
Innovation Research (SBIR) Phase I grants, three Phase II grants, as well as several from the 
National Science Foundation and the Department of Defense. In 2000, the company won the 
2000 SBIR Technology of the Year Award in the sensors/instrumentation category. All SBIR 
grants were received prior to 2003.  

 
The company’s early research and product development concentrated on a particular anti-
terrorist countermeasure application involving missiles. This was based on mid-infrared 
semiconductor lasers operating at the 3-5 micron wavelength at near room temperatures. While 
considerable progress was made in that sub-field, in 2002 the company changed its orientation 
from defense to commercial applications because of the substantially larger market opportunity. 
That change in direction was a defining period for the company.  

 
AOI changed to a different material system and different wavelength, and began investigating 
different applications. They changed from looking at countermeasures to biological/chemical 
sensing and then to the “low hanging fruit” of cable and wireless applications. This change in 
direction has proven successful.  

 
The AOI semiconductor fabrication facilities produce a variety of optical communication 
products which act as the transmitting and receiving devices in optical fiber communications 
networks. These include advanced analog transmitter lasers and the emerging fiber-to-the-home 
component market. The company has a particular strength and specialty in material growth via 
molecular beam epitaxy (MBE), the growth of single crystal materials by depositing layers with 
atomic precision with a molecular beam. This enables the creation of more complicated 
structures with greater precision than the methodology used by most other manufacturers.   
 
None of the company’s current products is directly related to the ARP research. Nonetheless, the 
ARP basic research was absolutely essential to the company’s current condition. The ARP 
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research provided current company executives with the knowledge, experience, and design 
capabilities for developing the company’s current line of products according to company 
executives and Dr. Pei, the PI. Dr. Pei believes that approximately 10% of AOI’s economic 
benefits can be attributed directly to the ARP research.   
 
Sales were $600,000 in 2003, $4 million in 2004, slightly under $10 million in 2005, and are 
anticipated to be between $18 and $20 million in 2006. The company is cash flow positive, with 
approximately 80% of its revenues from cable equipment manufacturers. Its main competitors 
are Sumitomo, Fujitsu, and Emcore. Research and development comprises about 30% of total 
revenues, e.g. about $5 million in 2006. As of March 2006, AOI had approximately 130 
employees with nearly all of them located in suburban Houston. This includes 22 employees 
with doctoral and 30 with master’s degrees. There are plans to hire another 200 employees by the 
end of 2006 for a manufacturing facility in China. Another five to eight employees are likely to 
be hired for an office in Sunnyvale, California. The company raised $39 million in three rounds 
of private investments and another $14.5 million in debt. No initial public offering has yet 
occurred, although it is a possibility within several years.  
 
 

 
Incorporated in February 2000, RSET, Inc. owns the technology developed through a 1999 ARP 
and a 2001 ATP grant headed by Dr. Ron Matthews of The University of Texas at Austin. RSET 
is currently in the process of raising additional funding. According to a company official, their 
main product, the Rotating Liner Engine, has a potential market of about $12 billion in the U.S. 
heavy-duty diesel market. 
 
Approximately $550,000 in funding has been received through The University of Texas to 
develop the technology, primarily through a grant from the U.S. Department of Energy. RSET 
currently has three Ph.D. and two graduate students who were working on the ARP/ATP 
projects, although there are no paid employees until further funding is secured. 
 
Currently working out of UT Austin’s mechanical engineering lab, the company hopes to acquire 
office space in Austin and set up manufacturing facilities once new resources are obtained. 
RSET is also a member of the Clean Energy Incubator at the Austin Technology Incubator. 
 
 

 
LabNow, Inc. was founded in Austin, Texas in 2004, partially as a result of a 2001 Advanced 
Research Program grant titled, “Microarray-Based Neuropathology Studies,” awarded to Dr. 
John T. McDevitt of The University of Texas at Austin. Dr. McDevitt’s ARP research formed 
the foundation for the development of his novel “Lab-on-a-Chip” technology which is capable of 
efficiently performing complicated fluid analyses for medical exams. LabNow has licensed this 

COMPANY PROFILE: RSET, Inc. 

COMPANY PROFILE: LabNow, Inc. 
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technology from UT Austin for use in development of point-of-care diagnostic systems with a 
wide range of applications. 
 
Dr. McDevitt’s ARP research supported his Lab-on-a-Chip concept, particularly for detection of 
neurological disease or damage. Further research was subsequently funded by the NIH in 
cooperation with Dr. Bruce Walker at Harvard Medical School’s Massachusetts General 
Hospital. It was through this later project that McDevitt’s laboratories developed a system to 
analyze The CD4 lymphocyte counts accurately and inexpensively. CD4 counts are integral to 
the monitoring and treatment of HIV/AIDS and current testing procedures are expensive and 
more time consuming than the sensors they developed. 
 
In July of 2004, LabNow obtained the exclusive right to this patented technology. The 
technology is currently being further developed and will be used in developing countries 
primarily in Africa, to provide inexpensive, accurate, mobile, and efficient testing of HIV/AIDS 
progression for treatment purposes. The company plans to launch its CD4 BioChip product in the 
first quarter of 2007. 
 
In September 2004, LabNow announced that they had received $14 million in equity financing 
from local venture capitalists, bringing the total equity investment in the company to $19 million. 
LabNow currently has 20 employees in Austin and an annual payroll of approximately $2 
million per year. 
 
 

 
OptiDi was formed in part from Phillip Eubank’s 1991 ARP project titled, “Basic Dynamics of 
The Electrical Discharge Machining Process.” The company’s creation was attributed primarily 
to support from an NSF SBIR grant. The company was attempting to commercialize a new 
ceramic material and had been successful in creating parts for several companies, before the 
company determined that the market niche was too small. After generating approximately 
$100,000 in revenues during two years of operations, OptiDi was dissolved. 
 
 

 
Neurosys Games, currently in the preliminary formation stages, developed from research 
performed with Dr. Risto Miikkulainen’s 2001 ARP grant on the coevolution of neural networks 
for multi-agent tasks. The preliminary research was funded both by ARP and an NSF grant. A 
team led by Mikkulainen’s student Dr. Kenneth Stanley applied this technology to the 
development of new game platforms using machine learning technology. The University of 
Texas at Austin secured a patent for the technology which has since been licensed by Dr. Stanley 
at Neurosys to develop a game for the Massively Multiplayer Online (MMO) market. 
 

COMPANY PROFILE: OptiDi 

COMPANY PROFILE: Neurosys Games 
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Through the ARP and NSF funding, Mikkulainen and Stanley were able to develop 
NeuroEvolution of Augmenting Technologies (NEAT), a genetic learning algorithm in which 
learning occurs in artificial intelligences through reward and punishment of good and bad 
performances. NEAT is a unique type of genetic learning algorithm because it begins with a 
minimal artificial neural network and builds additional connections only when necessary. At 
Neurosys, Dr. Stanley is specifically aiming to employ the real-time application of NEAT 
(rtNEAT) to simulate learning in artificial intelligences in short time spans. 
 
Neurosys, located in Austin, anticipates launching a multiplayer online game which simulates 
human learning and development using rtNEAT. Thus far, the company has obtained about 
$75,000 in preliminary funding. If demand is on par with company predictions, Neurosys hopes 
to produce revenues of about $100 million by its fourth year of operations and pay about 100 
employees approximately $5 million per year. Since games such as these typically have a fairly 
short product life, often no more than three years, revenues and employment from this particular 
game will peak and then subside. By then, however, Neurosys plans to have developed a new 
product using the same licensed technology. At the peak of popularity for Neurosys’ first game, 
the company hopes to capture about 10% of the MMO market, bringing to Texas about $10 
million a month in revenues. Success of the company, however, depends on a number of factors 
which are still tenuous. Recently, Neurosys’ primary investor was forced to temporarily release 
the rtNEAT license due to unexpectedly large start-up costs. 
 
 

 
More than six and a half million compounds of the element carbon are known and more are 
discovered and synthesized regularly. Hundreds of carbon compounds are commercially 
important. Texas has been a leader in carbon compound synthesis and ARP funding has played a 
crucial role for many years in that research. 
 

Figure 7.1 Carbon Compound 
 

 
  
Dr. Shubhra Gangopadhyay, formerly at Texas Tech University, has been on the forefront of 
research into amorphous carbon for a decade. Dr. Gangopadhyay’s research in amorphous silicon 
was funded through ARP/ATP/TDT, NSF and an industrial partnership, and led, somewhat 

COMPANY PROFILE: Amorphous Carbon Solutions, Inc. 
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accidentally, to the development of amorphous carbon in 1993. Amorphous carbon was found to 
provide significantly greater technical advantages over amorphous silicon in the manufacture of 
computer chips. Dr. Gangopadhyay feels that her original and subsequent ARP grants were 
integral to this discovery.  
  
At the time of the invention, Texas Tech did not have a technology transfer office. After the 
Research Corporation declined to file a patent application, rights to patent and commercialize the 
invention were transferred to Dr. Gangopadhyay with Texas Tech retaining a right to 5% of any 
royalties. In 2002, Dr. Gangopadhyay formed a start up company, Amorphous Carbon Solutions 
(ACS), a Texas LLC.   
  
Over the past few years, several companies have shown interest in licensing this patented 
technology from ACS. However, Dr. Gangopadhyay’s and Texas Tech’s rights to the benefits of 
this patented technology are in dispute and remain unresolved.  
 
 

 
Joyant Pharmaceuticals was incorporated in November 2004 partially as a result of Dr. Patrick 
Harran’s research in Diazonamide A synthesis at The University of Texas Southwestern Medical 
Center at Dallas. Dr. Harran’s research was funded in 1997 by an ARP grant and won further 
support through grants from NIH, NSF, the Howard Hughes Medical Institute, Robert A. Welch 
Foundation, AstraZeneca, Eli Lily, and Pfizer. 
 
In 1990, researchers at the Scripps Institute in La Jolla, California, in combination with a group 
of scientists from the Philippines, discovered a rare marine animal Diazona angulata. This animal 
was found to contain the substance Diazonamide A, which has robust cancer-fighting potential. 
Since the animal is extremely rare, using the substance for cancer treatment would require a 
chemical synthesis. Scientists across the country worked for over a decade to formulate a method 
to artificially recreate the complex molecule in their laboratories. In 2001, Dr. Harran and his 
students became the first scientists to succeed at the Diazonamide A synthesis.  
 
Thus far, one patent has been granted protecting the synthesis process which is owned jointly by 
Harran and UT Southwestern. Joyant is licensing this patent with 25% of these revenues being 
returned to the university directly and another 25% providing further funding for Dr. Harran’s 
laboratory. Additionally, UT Southwestern was granted stock in Joyant as a part of the licensing 
agreement. 
 
Joyant Pharmaceuticals has received $3.7 million to date in funding from the biomedical venture 
capital firm Sanderling Ventures to begin its operations. It also has one additional private 
investor and seven pending grants. Representatives at Joyant estimate that about 50% of 
company formation can be attributable to Dr. Harran’s research. The company currently has 13 
full-time employees in Texas, one of whom is a former graduate student who worked in Dr. 
Harran’s lab. They also employ nine consultants, five of whom are located in Texas. Over a 
recent 14-month period, the company spent $4 million on research and development 

COMPANY PROFILE: Joyant Pharmaceuticals 
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expenditures, of which approximately 50% can be attributable to Diazonomide A research. Their 
operations are being performed out of a newly built 12,000 square foot laboratory in Dallas, 
Texas. 
 
Overall, Joyant estimates that it will take approximately five to six years before Diazonamide A 
reaches the market. The company is still in the pre-clinical phase of research which should 
continue through the first quarter of 2007. Preliminary results indicate that the product is both 
efficacious and non-toxic to mice. The company anticipates conducting Phase I trials beginning 
in 2007, and based on subsequent findings, Phase II and Phase III trials, if warranted. If the more 
extensive research results are concurrent with early testing, they estimate the potential annual 
market share for Diazonamide A products could top $1 billion. 
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Chapter 8 - Benchmarking Analysis 
 
8.1 Science and Technology Workforce in Texas 

HIGHLIGHTS 
 

• When the science and technology workforce of Texas is benchmarked against 13 other 
states, in both point-in-time and longitudinal comparisons, Texas’ ranking is sub par.   

• For some indicators, Texas has actually declined in per capita terms over the past 10 to 
15 years. Comparisons with other states reveal that Texas ranks below leader states such 
as California, Colorado, Massachusetts, Virginia, and Maryland.  

• Considerable advancement is needed if Texas’ science and engineering workforce is to be 
among the national leaders.    

 
 
BACKGROUND 
 
The Advanced Research Program (ARP) was created in part to strengthen the State’s scientific 
and technological workforce by increasing the supply of engineers and science graduates. In this 
section, Texas’ science and technology workforce is compared with that of thirteen other states 
based on a variety of science and technology indicators. In addition, several different workforce 
indicators were tracked longitudinally from approximately 1985 to 2004.  
 
The states selected for comparison were: Arizona, California, Colorado, Florida, Georgia, 
Maryland, Massachusetts, Minnesota, New York, North Carolina, Oregon, Pennsylvania, and 
Virginia. The selected states fall into two categories: 1) leader states (Massachusetts, California, 
Colorado, Georgia, Maryland, Minnesota, North Carolina, Oregon, and Virginia), which have 
made efforts to build science and technology workforces; and 2) peer states (New York, Florida, 
Pennsylvania, and Arizona), often used for comparisons and benchmarking studies involving 
Texas. All of the cited data were derived from federal government agencies.  
 
 
POINT-IN-TIME STATE RANKINGS 
 
In March 2004, the Milken Institute, a California-based organization specializing in U.S. and 
world market developments and economic trends, released its State Science and Technology 
Index.90 This index was an updated version of a similar index released in 2002. The purpose of 
both studies was to measure and contrast each state’s inventory of technology and science assets, 
which can be leveraged to promote economic development. Seventy-five separate measurements 
were employed in compiling the State Technology and Science Index, with measurements being 
grouped into five categories: research and development; entrepreneurial activity, education, 
concentration of scientists and engineers; and the prominence of the tech sector in the business 
                                                 
90 DeVol, Ross and Rob Koepp, State Science and Technology Index: Enduring Lessons for the Intangible Economy.  
Santa Monica, CA: The Milken Institute, 2004.  Available online at: 
http://www.milkeninstitute.org/publications/publications.taf?function=detail&ID=304&cat=ResRep 



Chapter 8 – Benchmarking Analyses 
 

 144

community. Each state was given an overall ranking and was also ranked separately for its 
performance in each of the five categories. As in the 2002 study, the 2004 version identified a 
relationship between state index scores and per capita income.91 The underlying premise is that 
the greater a state’s investment in technology and development of technology businesses, the 
greater the benefit to its citizens. 

The same five states occupied the top and bottom rankings in 2002 and 2004, though not in the 
same order. The top five, in both years, included California, Massachusetts, Colorado, Maryland, 
and Virginia. The bottom five included Mississippi, Arkansas, South Dakota, West Virginia, and 
Kentucky. In 2004, Massachusetts ranked first, above California (#2) and Colorado (#3) on the 
index.    

In the overall rankings, Texas’s position dropped nine places from 2002 to 2004. When 
compared with the other thirteen states examined, Texas placed near the bottom of the list. 

 
Table 8.1 Overall Ranking of Technology and Science Assets 

 
State Rank 

(2004) 
Rank 
(2002) 

Rank 
Change 

Score 
(2004) 

MA 1 1 0 84.35 
CA 2 3 1 78.86 
CO 3 2 -1 78.77 
MD 4 4 0 78.19 
VA 5 5 0 72.27 
MN 8 10 2 67.49 
NY 15 12 -3 60.66 
PA 16 16 0 60.36 
AZ 18 18 1 58.47 
GA 18 15 -3 58.10 
OR 19 23 4 57.76 
NC 20 17 -3 57.28 
TX 23 14 -9 54.91 
FL 32 29 -3 44.47 

 
Source: State Science and Technology Index 2004, Milken Institute, p. 2. 

 
 
 
 
 
 
 
 

                                                 
91 Ibid., p. 7.  



Chapter 8 – Benchmarking Analyses 

 145

To measure workforce development, the State Science and Technology Index had two types of 
indicators: human capital investment and the concentration of scientists and engineers in the 
state. Human capital investment was measured by educational attainment indicators such as the 
number of doctoral scientists and engineers, the number of science and engineering bachelors, 
masters and Ph.D. degrees granted, as well as other educational indicators, such as state 
appropriations for higher education and financial aid. Texas ranked 38th overall on the human 
capital investment index and near the bottom of the benchmark states as shown in Table 8.2. 
 
 

Table 8.2 Human Capital Investment Ranking 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                 
      
 
 
 
 
 

 
Source: 2004 State Science and Technology Index 2004, Milken Institute, p. 62. 

 

 

 

 

 

 

 

 

State Rank (2004) Rank (2002) Rank 
Change 

Score 
(2004) 

CO 1 2 1 78.11 
MN 2 5 3 76.78 
MA 3 1 -2 73.78 
MD 4 3 -1 73.56 
CA 7 4 -3 67.11 
NY 10 13 3 64.44 
VA 14 13 -1 62.44 
OR 20 27 7 57.67 
PA 24 21 -3 52.11 
NC 33 25 -8 44.44 
AZ 35 29 -6 43.33 
TX 38 36 -2 40.67 
GA 43 41 -2 35.11 
FL 44 41 -2 34.89 
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In the category of technology and science workforce, measuring the state’s concentration of 
scientists and engineers, Texas ranked considerably higher, at #8 overall. (Please see Table 8.3.) 

 
 

Table 8.3 State Concentration of Scientists and Engineers92  
 

 

 

 

 

 

 

 

 

 
 
 
 

 
Source: State Science and Technology Index 2004, Milken Institute, p. 63. 

Similar earlier studies during 1999 and 2002 were conducted by the Progressive Policy Institute, 
a Washington, D.C. organization, and published in its State New Economy Index.93 The index 
assessed state economies by employing seventeen indicators divided into five categories: 1) 
knowledge jobs, 2) globalization, 3) economic dynamism and competition, 4) the transformation 
to a digital economy, and 5) technological innovation capacity. Science and technology 
workforce development was included in the “knowledge jobs” category, which measured the 
percentage of jobs in offices; the percentage of jobs held by managers, professionals, and 
technicians; and the educational attainment of the workforce.94  
 
 
 
 
 

                                                 
92 The Milken Institute determined the concentration of scientists and engineers in a state by calculating the percent 
share of employment in high technology industries as they relate to the state’s total employment.   
93 The Progressive Policy Institute, The 2002 State New Economy Index.  Washington, DC, 2002.  Online.  Available 
at http://neweconomyindex.org/states/  See also: The Progressive Policy Institute, The 1999 State New Economy 
Index.  Washington, DC, 1999.  Available online at http://www.neweconomyindex.org/states/1999  
94 Workforce data used to construct the indicators was drawn from the Bureau of Labor Statistics and the U.S. 
Census Bureau.  Data on educational attainment came from the NSF State Science and Engineering Profiles and the 
U.S. Census Bureau.   

State Rank (2004) Rank (2002) Rank 
Change 

Score (2004) 

MA 1 3 2 89.00 
MD 2 1 -1 86.11 
CA 3 2 -1 83.56 
VA 4 4 0 81.56 
CO 5 5 0 78.78 
TX 8 7 -1 71.56 
AZ 10 10 0 66.22 
GA 11 12 1 65.44 
Mn 13 11 -2 64.67 
NC 16 13 -3 62.11 
PA 18 15 -3 61.33 
NY 20 16 -4 60.44 
OR 24 24 0 53.89 
FL 27 21 -6 52.22 
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In 1999, the overall knowledge jobs index ranked Texas 32nd out of 50 states. When compared 
with the 13 other states examined, Texas ranked 13th out of 14. In 2002, the overall knowledge 
jobs index ranked Texas 21st out of 50 states, and its rank among the benchmark states improved 
to 10th out of 14. (Please see Table 8.4.)    
 
 

Table 8.4 Knowledge Jobs Index, 1999 and 2002 
 

 
Source: Progressive Policy Institute, New Economy Index 1999 and 2002. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State 1999 Rank 1999 Score State 2002 Rank 2002 Score 
MA 1 11.48 CO 1 15.15 
CO 3 9.08 MD 2 14.78 
VA 5 8.15 MA 3 14.59 
NY 6 8.15 VA 4 13.33 
MN 7 8.11 OR 7 12.63 
MD 8 8.08 MN 9 12.39 
CA 10 7.95 CA 10 11.92 
AZ 15 7.02 NY 11 11.80 
FL 18 6.75 PA 18 10.42 
OR 22 6.21 TX 21 10.20 
PA 24 5.87 NC 30 9.45 
GA 25 5,83 FL 31 9.36 
NC 31 5.23 GA 32 9.35 
TX 32 5.17 AZ 33 9.22 
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Using North American Industry Classification System (NAICS) codes, two employment 
indicators also were benchmarked. Massachusetts ranked first among all peer states in the 
proportion of its state employment in high-tech NAICS codes.95 Approximately one of every 
eight Massachusetts employees (12.6%) are in high-tech, while in Virginia the ratio was 12%, in 
California (10.8%) and Colorado 9.9%. Texas ranked below average but near the median and 
ahead of six peer states. (Please see Figure 8.1.) 
 

 
Figure 8.1 Percentage of Employment in High-Tech NAICS Codes 
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Source: U.S. Department of Commerce, Technology Administration, State Science & Technology Indicators:  Fourth Edition.96 
 
 
 
 
 
 
 
 
 
 
 

                                                 

95 NAICS groups business establishments into industries based on the activity in which they are primarily engaged. 
Establishments using similar raw material inputs, similar capital equipment, and similar labor are classified in the 
same industry. NAICS uses a six digit hierarchical coding system to classify all economic activity into twenty 
industry sectors, five which are mainly goods-producing and 15 which are services-producing. NAICS replaced 
Standard Industrial Classification (SIC) codes, a classification scheme that was developed in the 1930s. 

96 http://www.technology.gov/reports/TechPolicy/StateIndicators/2004/Sect3_State_Profiles.pdf 
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In a measure of the proportion of a state’s payroll in the high-tech NAICS codes, Virginia ranked 
first, with 23.1% of its total payroll. Massachusetts and California followed closely at 22.5% and 
21% respectively, with Colorado and Maryland also ranked highly. Texas ranked below average 
but ahead of seven peers and near the median with 15.1% of its payroll in high-tech NAICS 
industries. (Please see Figure 8.2.) 

 
 

Figure 8.2 Percentage of Payroll in High-Tech NAICS Codes 
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Source: U.S. Department of Commerce, Technology Administration, State Science & Technology Indicators:  Fourth Edition.97 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
97 http://www.technology.gov/reports/TechPolicy/StateIndicators/2004/Sect3_State_Profiles.pdf 
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Another method of assessing a state’s workforce is to measure what proportion of its employees 
is represented by engineers. As shown in Figure 8.3, Texas ranks above the national average 
(0.92%) with 1.06% as of 2003, the most recent available data. Compared to the benchmark 
states, Texas ranks in the middle, tied with Minnesota.  

 
 

Figure 8.3 Percentage of Workforce Represented By Engineers 
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LONGITUDINAL TRENDS 
 
A somewhat more favorable view occurs in reviewing National Science Foundation data on 
employment in high-tech establishments. When the 14 benchmarks states are arrayed with 
biennial data from 1998-2002, Texas is slightly above average, although following the minor 
downward trend through the six year timeframe evident among all 14 states.98 Data for Texas 
and California were unavailable for 2002.99 (Please see Figure 8.4.) 
 

 
Figure 8.4 Percentage of Total Employment in High-Technology Establishments:  

1998, 2000, and 2002 
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1998 12.21 11.44 10.92 9.94 9.47 9.05 8.90 8.88 8.86 8.26 8.07 7.65 7.14 6.96 5.49

2000 12.60 12.00 10.85 9.89 9.95 8.76 8.68 8.93 8.79 7.99 7.92 7.76 7.35 6.98 5.45

2002 11.55 11.73 0.00 9.92 9.41 0.00 7.96 7.16 8.14 7.81 7.41 7.01 7.09 6.79 5.47

MA VA CA MD CO TX AZ avg MN OR NC PA GA NY FL

 
Source: National Science Foundation Science and Engineering Statistics 

 
The longitudinal trend indicator, total number of doctoral scientists and engineers 1993-2004, 
measures the number of graduate degree recipients in science and engineering fields, including 
health fields, working in the state.100 In the ranking of overall totals of doctoral scientists and 
                                                 
98 http://www.nsf.gov/statistics/seind06/c8/c8.cfm?opt=3  
99 A separate review of a very similar measure, the proportion of a state’s workforce in science and engineering 
occupations, for which 2003 data were available, showed Texas ranked 9th out of the 14 states, ahead of only 
Georgia, North Carolina, Pennsylvania, New York, and Florida and slightly below the national average. 
http://www.nsf.gov/statistics/seind06/c8/c8.cfm?opt=3   
100 National Science Foundation, Division of Science Resource Statistics.  State Science and Engineering State 
Profiles. (Washington, DC) Available online at: http://www.nsf.gov/sbe/srs/sepro/start.htm.  Accessed May, 2006.  
percent of workforce figures were derived by dividing the state total by the total civilian labor force for the state, for 
the corresponding year.  State labor force totals are from U.S. Department of Labor, Bureau of Labor Statistics. State 
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engineers, Texas consistently ranked third, behind only California and New York. This ranking, 
of course, is highly influenced by a state’s total population. (Please see Table 8.5.)   
 

 
Table 8.5 Total Number of Doctoral Scientists and Engineers 

 
 1993  2004  
1 CA 68,137  CA 102,559  
2 NY 42,292  NY 50,156  
3 TX 28,507  TX 40,875  
4 PA 23,898  MA 34,741  
5 MA 22,811  PA 33,250  
6 MD 20,597  MD 32,247  
7 VA 15,432  VA 25,595  
8 FL 14,148  FL 21,691  
9 NC 13,577  NC 21,155  
14 CO 10,241  CO 16,186  
11 MN 8,868  GA 14,965  
12 GA 8,867  MN 12,999  
13 OR 6,660  OR 10,324  
14 AZ 6,172  AZ 9,605  

 
Source: National Science Foundation, Division of Science Resource Statistics. State Science and Engineering State Profiles. 

(Washington, DC) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                                             
and Regional Unemployment, Annual Averages. Annual averages by state, 1970-2003 available online at: 
http://www.bls.gov/lau/staadata.txt.  



Chapter 8 – Benchmarking Analyses 

 153

When the number of doctoral scientists and engineers is computed as a percentage of the total 
civilian state workforce, Texas has a much lower percentage than all of the leader states, as 
shown below in the table and in a graph on the next page. From 1993 to 2004, Texas had a slight 
increase in the proportion of its workforce on this measure, from 3 per thousand workers to more 
than 3.7 per thousand workers. Texas’ ratio in 2004, however, was only 11th out of 14 states, less 
than half that of Maryland and Massachusetts, and far below that of California. (Please see Table 
8.6 and Figure 8.5.) 
 
 

  Table 8.6 Doctoral Scientists and Engineers  
As Proportion of Total Civilian Workforce 

 
 1993  2004 

1 MD 0.774  MD 1.1185 
2 MA 0.720  MA 1.0239 
3 CO 0.532  VA 0.6709 
4 NY 0.490  CO 0.6418 
5 VA 0.457  CA 0.5843 
6 CA 0.442  OR 0.5563 
7 OR 0.404  NY 0.5361 
8 PA 0.403  PA 0.5299 
9 NC 0.374  NC 0.4971 
10 MN 0.355  MN 0.4403 
11 AZ 0.323  TX 0.3704 
12 TX 0.304  AZ 0.3463 
13 GA 0.254  GA 0.3409 
14 FL 0.209  FL 0.2583 

 
Source: National Science Foundation, Division of Science Resource Statistics. State Science and Engineering State Profiles. 

(Washington, DC) 
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Figure 8.5 Doctoral Scientists and Engineers as Proportion of Total Workforce 
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The science and engineering graduate student indicator measures the number of science and 
engineering graduate students enrolled, at all levels, including health fields but excluding MDs. 
Because of its population, Texas has a high number of science and engineering graduate students 
relative to the other states, though consistently fewer than California and New York. The total 
number of graduate students in Texas climbed upwards from 1982-1991, and has since leveled 
off. Many other states show a similar pattern although California and Florida show increasing 
numbers of graduate students. (Please see Figure 8.6.) 
 

 
Figure 8.6 Total Science and Engineering Graduate Students,  
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101 National Science Foundation/Division of Science Resources Statistics. Graduate Students and Postdoctorates in 
Science and Engineering (Washington, D.C.). Reports from 1972 to 1998 available online at 
http://www.nsf.gov/sbe/srs/gss98pub/start.htm. Per capita figures were derived by dividing the state total by the state 
population for the corresponding year. Population totals are from U.S. Department of Commerce, Bureau of the 
Census. Population Division. State Population Estimates: July 1, 2003, found at http://www.census.gov/Press-
Release/www/2003/cb03-197table1.xls. 
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On a per capita basis, however, the number of graduate students in Texas actually declined 
slightly between 1993 and 2003. Texas consistently ranked below many of the leader states in 
the number of graduate students per capita, and its ratio is far below those of Massachusetts, 
Colorado, and New York. (Please see Table 8.7 and Figure 8.7.) 
 
 

Table 8.7 Graduate Students Per Capita by State 
 

1982  1990  2003 
MA 3.37  MA 3.62  MA 3.45 
AZ 2.65  CO 2.58  CO 2.28 
NY 2.38  NY 2.57  NY 2.18 
CO 2.20  MD 2.06  MD 1.94 
CA 2.14  AZ 2.00  CA 1.80 
MD 1.71  CA 1.94  VA 1.75 
TX 1.60  VA 1.85  PA 1.67 
PA 1.53  TX 1.78  TX 1.48 
MN 1.37  PA 1.75  MN 1.43 
VA 1.30  MN 1.59  NC 1.37 
NC 1.27  NC 1.49  AZ 1.27 
OR 1.21  OR 1.35  OR 1.23 
GA 1.08  GA 1.24  GA 1.22 
FL 1.04  FL 1.05  FL 1.10 

Source: National Science Foundation, Division of Science Resource Statistics.  State Science and Engineering State Profiles. 
(Washington, DC) 
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Figure 8.7 Science and Engineering Graduate Students 
Per Capita, 1982-2003  
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FINDINGS AND CONCLUSIONS 
 
Analyses of Texas workforce data suggest that Texas’ science and engineering workforce has 
developed very slowly in the past 10 to 15 years. For some indicators, such as the number of 
science and engineering graduate students studying in Texas, Texas has actually declined in per 
capita terms. Comparisons with other states reveal that Texas still ranks far below leader states 
such as California, New York, Colorado, Massachusetts, and Maryland, on many indicators. 
While one of the goals for ARP was to strengthen the state’s scientific and technological 
workforce, ARP funding has never been at a level which could alter macro workforce trends. 
The workforce indicators suggest that the workforce challenges faced by the state today may be 
as formidable as when ARP was created. To join the ranks of the leader states, considerable 
progress must be made in Texas’ workforce development.     
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8.2 Program Benchmarking 
 
BENCHMARKING PROCESS 
 
To benchmark the Advanced Research Program, an extensive search was conducted for similar 
grant programs funding basic research performed by university faculty. An ideal comparable 
program would dedicate grant money to basic research, not equipment, have an emphasis on 
educating graduate students in basic research, and not require an industrial partnership. Other 
state and federal government programs, as well as international programs, were researched.  
  
A total of 23 programs, 11 state, 2 federal, and 10 international programs, were identified that 
had some characteristics similar to ARP. A survey was sent to each of these programs requesting 
information on program characteristics and outcomes from the projects. Data were requested on 
program funding, number of projects funded, and various outcome data such as intellectual 
property produced and follow-on funding. Few programs responded with outcome data and those 
that did provided limited information.  
 
 
PROGRAM DESCRIPTIONS 
 
Outcome data from a total of eight programs were ultimately obtained and used in the 
benchmarking analysis. Each of these programs was designed to meet the needs of the region it 
serves and none of them are exactly comparable to ARP. While ARP awards grants in many 
research areas, including biological sciences, chemistry, computer sciences and math, earth 
sciences, engineering sciences, and physics, half of the benchmark programs are focused only on 
biologics or health. This result occurred because nearly half of the state programs identified were 
health-oriented, and program staff were more responsive to data requests. 

Descriptions of programs included in the benchmarking analysis are provided below to provide 
insight into their characteristics and to aid in assessing their comparability with ARP. 

 
State Programs 
 
Oklahoma Health Research Program has been awarding seed funds for projects related to 
human health since 1987. Projects are funded for one to three years at a maximum level of 
$45,000 a year. Oklahoma public and private universities, non-profit research foundations, and 
Oklahoma companies are eligible for funding. The program is oriented in part to helping 
researchers gain experience and produce data so that they may obtain larger federal and private 
grants. The Oklahoma Health Research program is administered by the Oklahoma Center for the 
Advancement of Science and Technology (OCAST). 
 
Kansas Technology Enterprise Corporation's Strategic Technology and Research (STAR) 
Fund provides support for basic research at Kansas universities. It is designed to promote 
national competitiveness in strategic technology niches that hold promise for the Kansas 
economy. Emerging opportunities in neuroscience, polyols, nanoscale materials, and optics are 
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emphasized. Collaboration with industrial partners, other universities, or a federal agency is 
preferred, and partners are required to show matching support. 
 
North Carolina Biotechnology Center's Multi-Disciplinary Research Grant started two to 
three years ago, allows three or more scientists from different disciplines to collaborate on 
biotechnology projects. The grant is primarily for basic research and is intended to develop 
preliminary data that may lead to federal funding. Proposals with a clear potential for 
commercial benefit or those that will strengthen the infrastructure for future research are deemed 
more competitive. Up to $250,000 may be granted over two years. There is a 10% minimum 
matching requirement, and the principal investigators must be from a North Carolina university 
or nonprofit research institute. 
 
Maine Technology Institute's Maine Biomedical Research Fund (MBRF) provides grants to 
five non-profit, private research institutions conducting biomedical research related to the 
biology, causes, diagnosis, treatment, control, and prevention of physical and mental diseases 
in humans. The MBRF was established by the 119th Maine Legislature (1998-2000) and has $8 
million available in the current grant cycle.  Program funds can be used for facilities funding, 
equipment, and project funding that directly supports peer-reviewed biomedical research, and 
ancillary support. Funds are allocated based on the amount of outside funding an eligible 
institution has attracted over the past two years, rather than investigator-initiated proposals.  
 
Universitywide AIDS Research Program's Innovative, Developmental, Exploratory 
Awards (IDEAs) is a California program created in 1983 to support basic, clinical, 
social/behavioral, and epidemiological research on HIV and AIDS. IDEAs are investigator-
initiated awards that provide a maximum of $100,000 in direct costs for up to two years. IDEAs 
are pilot studies which are innovative and have a high pay-off potential within the grant period or 
for studies that apply novel methods and approaches.  All California nonprofit research 
and academic institutions are eligible for funding. Besides investigator-initiated awards, the 
Universitywide AIDS Research Program also administers institutional awards, training awards, 
and targeted research awards.  
 
 
International Programs 
 
New Zealand’s Marsden Fund provides basic research grants that will broaden and deepen 
New Zealand’s research skill base. All fields of science are eligible for funding, including the 
physical, biomedical, ecological, engineering, social sciences, and humanities. Researchers are 
given absolute control over the choice and direction of their research, unlike other programs in 
which research is guided by government priorities. The Marsden Fund has two types of awards 
known as Standard Awards and Fast-Start Awards. Standard Awards are typically $50,000 to 
$300,000 NZD a year ($32,284-$194,304 USD), with a duration of three years.102 Fast-Start 
Awards are targeted at emerging researchers early in their research careers, have a duration of up 
to two years, and are a maximum of $70,000 NZD ($45,338 USD). The Marsden Fund was 

                                                 
102 All currency conversions were made on September 8, 2006. 
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established in 1994 and provided researchers $32.8 million NZD in 2003 – 2004 ($21.2 million 
USD).     
 
New Zealand's New Economy Research Fund (NERF) - Administered by the Foundation for 
Research, Science and Technology, this fund supports investigator-initiated basic research and is 
open to universities, Crown Research Institutes, and private companies. NERF was established in 
1999 and concentrates on use-driven basic research which has the potential to lead to the 
emergence of new industries. Some research teams have focused on building basic knowledge 
without regard for a specific application, while others have followed a specific path with the goal 
of a commercially viable product. NERF has three separate investment portfolios. The first, 
Technologies to Leverage New Zealand's Strengths, focuses on novel technologies, genomics, 
information technologies and artificial intelligence. The second, New Physical Technologies, 
focuses on areas such as nanotechnologies, medical devices and electronics, and 
superconductivity. The third portfolio, Future Human Technologies, targets emerging 
technologies in human health, cognitive sciences, and communication technologies. Since 1999 
the average project’s funding has grown from $200,000 to $1,000,000 NZD ($129,536-$647,680 
USD).  Projects range in length from two to six years, and 70% of projects involve at least one 
international partner. The research areas receiving the majority of NERF’s funds in the university 
sector is biotechnology, followed by information and communication technologies, materials, 
electronics/photonics and manufacturing. 
 
The Australian Research Council (ARC) supports research and research training at Australian 
universities through a national competition in all fields of science, social sciences, and the 
humanities. The ARC's Discovery Projects fund basic research, strategic basic research, and 
applied research, which is defined as original work undertaken primarily to acquire new 
knowledge with a specific application in view. Funding is available both for research projects 
and fellowships. Project grants may have a duration of one to five years with a grant size from 
$20,000 - $500,000 AUD per year ($15,275-$381,870 USD). Fellowships are available for three 
different categories of researchers: postdoctoral students, researchers with three to eight years of 
research experience, and researchers with more than eight years' experience. Postdoctoral 
fellowships have durations of three and five years. The ARC was established in 1988 and also 
includes Linkage programs, which broker research partnerships, and funding for several research 
centers. Research priorities for the ARC are identified each year, the most recent 
being environmental sustainability, promoting and maintaining good health, frontier 
technologies, and safeguarding Australia.  
 
 
COMPARATIVE DATA 
 
Data from the above programs are presented in Table 8.14 alongside ARP data obtained from the 
web-based survey of principal investigators (PIs) conducted for this assessment. Due to variation 
in total funding for each program, data were normalized as if each program had total research 
expenditures of $1 billion USD.  

Oklahoma Health Research surpasses ARP on all measures. OHR has produced roughly two-
thirds more patents and one-third more licenses. Its follow-on funding is 56 percent greater than 
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that of ARP. Strict comparisons, however, must be viewed very cautiously for several reasons. 
First, OHR has a narrower focus than the ARP. Second, OHR data, with the exception of the 
leverage ratio, are for 2000 through 2005 only, although the program has existed since 1987. 
(ARP data cover grants from 1987-2001.)  Third, raw data provided by OHR program staff on 
patents and licenses include both Oklahoma Health Research and Oklahoma Applied Research 
Support. OARS funds applied research and makes approximately a quarter of its awards directly 
to private companies. Because there was no technique to separate OARS results, and because 
applied research generally has greater results than basic research, the OHR outcome data cannot 
be viewed as strictly comparable.  

Kansas’ STAR Fund, the North Carolina Biotechnology Center’s Multi-Disciplinary Research 
Grants, the Maine Biomedical Research Fund, and the Universitywide AIDS Research 
Program’s IDEAs only provided data on external funding. Every program reported a higher level 
of external funding than ARP, ranging from 66% greater (STAR Fund) to slightly less than three 
times as much (Multi-Disciplinary Research Grants). Aside from the STAR Fund, all of these 
programs focus on human health.  

In an effort to create a more accurate comparison between ARP and the four state programs with 
a health focus, data for ARP biological sciences projects are presented in the last column of 
Table 8.8. Biological sciences projects have a slightly higher leverage ratio than ARP as a whole, 
attracting 40 cents of additional follow-on funding ($3.40 instead of $3.00 for each dollar 
invested by the state.) When compared with other health programs, however, the ARP biological 
sciences’ leverage ratio is still below its peers.  

Oklahoma Health Research, the only program with data other than external funding, also 
outperforms ARP biological sciences projects. OHR has been issued three and one-half times as 
many patents. Licenses executed, however are roughly equivalent with OHR, only 9% above 
ARP biological sciences, a surprisingly small differential given OHR program components of 
applied research and company eligibility.103    

When compared with international programs, ARP generally fared better. ARP projects have 
been issued 19 times as many patents as the Marsden Fund and 1.5 times as many patents as the 
New Economy Research Fund. ARP also widely surpassed the New Economy Research Fund in 
terms of copyrights, licenses executed, and licenses currently returning royalty payments.104  
ARP also had a higher leverage ratio than NERF, although this is expected because NERF is a 
federal government program, which limits follow-on funding sources, and because its grants 
average $950,000 NZD, or $615,296 USD, compared to ARP projects of approximately 
$123,000.   

The number of companies started from NERF research is three times the number of companies 
resulting from ARP, a somewhat expected result because of the large project awards by NERF. 

                                                 
103 While a difference still exists in the leverage ratios and patents between ARP Biological Sciences and OHR, 
please see the previous cautionary statements about OHR data.  
104 The New Economy Research Fund provides grants to university, government, and private researchers, but data in 
this chart reflects only university research 
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Finally, ARP is providing training for approximately two and a half times as many graduate 
students as NERF and three times as many undergraduate students. 

ARP produces more than twice as many patents as Australia’s Discovery Projects. The 
difference may not be that great, however, because data transformations were required to 
develop Australian data.105  
 
 
FINDINGS 

It is not immediately clear why ARP’s metrics appear to be generally below other state 
programs. Certainly higher metrics would be expected for those programs that involve partnering 
companies or that are oriented to commercialization. For instance, North Carolina’s Multi-
Disciplinary Research Grants program considers proposals with the potential for commercial 
benefit to be more competitive, while OHR makes some awards to companies, and IDEA targets 
projects with a high pay-off potential. For the Maine Biomedical Research Fund, research 
support is provided to non-profit, private research institutions, not universities, and it would be 
expected that strong emphasis would be placed on securing additional research funds from 
federal sources.  

A second reason may involve problems in data comparability, although considerable efforts have 
been made to determine precisely how other programs arrived at their external funding estimates. 
It does not appear that matching funds or non-grant resources have been included in other state 
program totals. According to program staff in Kansas and California, only follow-on grant 
funding amounts were included in their totals, and neither state included matching funds or funds 
provided to companies launched from research projects. There is no method, of course, of 
determining the accuracy of external funding figures from other programs. For ARP, when 
principal investigators provided a follow-on funding figure that was especially high, the PI was 
contacted for more information. In several instances, the original figures were reduced because 
of misunderstandings as well as attribution of funding to multiple grants in large labs, not only to 
the ARP grant. However, the reductions were relatively inconsequential, and inaccuracies in 
other states’ data are unlikely to account for the difference in leverage ratios.    
 
Another possibility is the program outcome data may be simply reflective of a biased sample. 
The number of comparable programs and data elements is relatively small, and it is conceivable 
that only strongly performing programs responded to requests. Although multiple requests were 
made to each institution, only 1 in 3 ultimately responded.  
 
Finally, the ARP may have provided resources for higher risk research than the programs in 
other states. One program, for example, North Carolina’s Multi-Disciplinary Research Grants, is 

                                                 
105 Data for Australia was calculated from a sample of 258 projects initially funded in 1997 which produced nine 
patents. Unfortunately, 1997 grant data was unavailable and the figure for 2000 was used instead, as it was the year 
closest to 1997 for which data were available. Since grants have tended to grow with time, it is likely that less was 
spent on the grants than estimated, which would in turn increase the number of patents when normalized. That in 
turn would narrow the difference between ARP and ARP biological sciences and the 291 for ARC. 
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new program and has awarded just $2.54 million to date since its inception several years ago, 
indicating that it has been extraordinarily selective. This type of program is likely to achieve very 
high leverage ratios but overall impacts from such a small program will be quite restricted.    
 
 
CONCLUSIONS 
 
While program differences and a small program sample limit the comparisons that can be drawn, 
the results tentatively show that ARP appears to be underperforming other basic research grant 
programs in the U.S. on the leverage ratio and patents. Compared to several international 
programs and federal labs, ARP is generating superior results. It should be remembered, 
however, that even the less-than-stellar tentative results for the leverage ratio should be assessed 
against absolute standards as well. While ARP’s leverage ratio may not be as high as peer 
programs, ARP projects have brought in far more funding from outside sources than the State of 
Texas has expended. That hurdle is the first and most important outcome measurement standard.  
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Table 8.8 Comparison Metrics: Other Basic Research Programs and Federal Laboratories to Texas ARP 
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Copyrights      10 569 226 

Licenses executed 5561 97 1763 27 413 509 
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27 169 57 

License gross 
revenue 
(in $US millions) 

 
2 3.03 

15 6.4 

Leverage ratio 
on funding 4.7 7 8.4 6.5 5.02

    .11 3.0 3.4 

Companies started   184   404 125  

Graduate students      13507 364198  

Undergraduate 
students      5195 163908  



Chapter 8 – Benchmarking Analyses 

 165

The following notes can be used to interpret Table 8.14 Comparison Metrics: 
 

1 Data provided by program staff included both OHR and Oklahoma Applied Research Support. Without further 
information, it had to be assumed each program produced patents and licenses at an equal rate. In reality, OARS was 
undoubtedly responsible for more patents and licenses, as it is funds applied research and some resources are 
committed to private companies. Since its inception, 29% of OARS’ funding has been expended on industrial 
projects, and preference is given to projects with the greatest likelihood of being commercialized. OHR’s data may 
be inflated as a result.  
2 Ratio was calculated using follow-on funds for 2000-2005 divided by program budget given for 2000-2006. Years 
do not exactly match. 
3 For federal fiscal year ending September 2002.  
4 Since 1990 with 700 new jobs 
5 Currency conversions for this chart were made on August 7 and 8, 2006 to standardize data based on program 
funding. Currency conversions in the text were made on a different date, September 8, 2006.   
6 International patents rather than U.S. patents. 
7 Data have been calculated from patents awarded to a sample of 1997 projects. ARC itself has existed since 1988, 
and therefore the data may not be entirely representative. Patents awarded were probably not U.S. patents, but 
Australian or international patents. 
8 PIs were asked to specify whether they had 1-3, 4-9, 10-19, or 20 or more students working on a project. For 
graduate students, 36,419 is the average of the range that resulted after standardization, 20,494–52,344.  For 
undergraduate students, 16,390 is the average of the range, 9,913–22,869. 
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8.3 Other Basic Science Programs  
  
Some basic research grant programs identified as comparable to ARP either did not have data 
available for the metrics studied in this analysis or were unresponsive to data requests. Descriptions 
of these programs are included below to illustrate other approaches to funding basic research. 
 
 
State Programs 
 
New York State Office of Science, Technology and Academic Research (NYSTAR) was created 
in 1999 and has several funding initiatives, three which fund basic research: the Matching Grants 
Leverage Program, the J.D. Watson Investigator Program, and the Faculty Development Program. 
 
The purpose of the Matching Grants Leverage Program is to aid New York universities and non-
profit research institutions in attracting grants from federal or private sources.  The minimum 
amount of funding under this program is $100,000 per year. The applying institution must match the 
funds it requests with an equal amount of funding. Additionally, the federal or private source must 
match NYSTAR funding at least 3:1.   
 
The J.D. Watson Investigator Program is intended for early career scientists with fewer than five 
years of post-doctoral experience working in the life sciences. Awards are for $200,000 over two 
years, and the researchers may work at New York universities or nonprofit research institutions.   
 
The Faculty Development Program makes awards of up to $750,000 to attract top faculty from 
around the world and provide additional support to researchers already working in the state's 
academic research centers. Candidates for an award must be recruited by the applicant institution or 
be a full-time employee of the institution who is being recruited by an institution outside New 
York. Funds must be matched on an increasing scale for each year of the award, beginning with a 
1:1 match in year one and a 1.5:1 match in year three. An award can be used for such purposes as a 
professor's summer salary or compensation for a research team.  
 
Arkansas Science and Technology Authority was created in 1983 and administers several 
programs funding research, including two that are comparable to the ARP. The Basic Research 
Grant Program funds basic research for full-time faculty in science and engineering at Arkansas 
colleges and universities for one year. The college or university submitting the application must 
provide funding for at least 40% of a project's cost. The program has existed since the 1980s. The 
Arkansas Research Matching Fund matches federal awards to Arkansas colleges and universities for 
basic and strategic research.  Federal funding with a state or federal match requirement can receive 
up to 50% of the award, while funding without a match requirement can receive up to 10%.   
 
Michigan 21st Century Jobs Fund is the successor to the former Michigan Life Sciences Corridor, 
the 21st Century Fund which awards grants for basic research, applied research, and 
commercialization at Michigan universities and non-profit research institutions. Michigan for-profit 
companies are eligible for loans but not grants. Technology sectors specifically targeted for funding 
are life sciences, alternative energy, advanced automotive, manufacturing and materials, and 
homeland security and defense.  Having a business as a collaborator is not a requirement but is 
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preferred. Of $100 million in funding available for 2006, $10 million was programmed for basic 
research.  The fund’s first awardees were scheduled to be announced in summer 2006. The 
earlier Life Sciences Corridor announced its first awards for life sciences research in 2001 and 
allocated 40% of awards to basic research. The Life Sciences Corridor then became a part of the 
Technology Tri-Corridor in 2003, which added funding for homeland security and advanced 
automotive technologies.  
 
University of California Discovery Grant is a California program providing up to four years of 
funding for basic through proof-of-concept research projects in five fields: biotechnology, 
communications and networking, digital media, information technology for life sciences, and 
electronics manufacturing and new materials. A private sponsor must jointly support all 
projects. State, industry and university funds are combined to comprise the $60 million annual 
investment. Individual grants have ranged from $50,000 to more than $3 million. Institutions 
participating in the program, which has existed since 1996, include all 10 University of California 
(UC) campuses, three UC-managed national laboratories, and the Agriculture Experiment 
Station. Neither commercial viability nor business development opportunities is considered in the 
review process. 
 
California Tobacco-Related Disease Research Program was started in 1989 and funded through 
an increase in California’s cigarette tax. The program funds basic and applied research in biological 
and biomedical sciences, social and behavioral sciences, public health, epidemiology, and public 
policy. California nonprofits are eligible for funding, although universities comprise the large 
majority of grant recipients. The typical grant exceeds $50,000. Grants are made in three categories: 
investigator-initiated research, research training, and participatory research, which supports 
collaborations between academic researchers and community-based organizations and schools.  
 
Nebraska Research Initiative is a state-supported program started in 1998 funding basic science in 
eight areas: biosecurity, bioscience, construction and infrastructure studies, sustainability, food 
productivity, information technology, manufacturing and materials, and water resources. The NRI is 
open to all full-time faculty at the University of Nebraska. Grants are $200,000, on average, and 
proposals less than $50,000 are ineligible. Funding is available for up to two years. The intention of 
the program is not to provide investigators with long-term support but to allow them to take on 
high-risk projects and attract funding from other sources.  
 
 
National and International Programs  
 
National Science Foundation's Experimental Program to Stimulate Competitive Research 
(EPSCoR) allocates funding for basic research in science and engineering to the more than 20 
states which have historically received a low per capita average of federal research dollars. EPSCoR 
funds both large awards focused on improving research infrastructure within states and research 
awards that are co-funded by EPSCoR and an EPSCoR state. Since NSF's program was established, 
other federal agencies, including the Departments of Energy, Agriculture, and Defense, NASA, and 
the Environmental Protection Agency have created EPSCoR programs of their own. 
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Ireland's Research Frontiers Programme supports novel exploratory research at universities in 
targeted fields such as biological sciences, chemistry, earth sciences, mathematics and computer 
science, physics and engineering. On average, grants are for €150,000 ($191,750 USD) over three 
years, although larger grants are sometimes awarded when a project is exceptionally creative or the 
applicant has a record of international achievement. The program has been administered by Science 
Foundation Ireland since 2003. It was previously called the Basic Grants Programme and 
administered by Enterprise Ireland.  So far 158 projects have been awarded €24 million ($30.7 
million USD) over three years.  
 
Natural Sciences and Engineering Research Council of Canada's Discovery Grants support 
basic university research in natural sciences and engineering and are open to professors at Canadian 
universities. The program has existed in some form since 1917.  The average Discovery Grant is for 
just over $30,000 CAD ($27,115 USD) with a duration of up to five years. Applications are 
evaluated, in part, on the contribution of the project to training postdoctoral fellows and graduate 
and undergraduate students. 
 
Swedish Research Council (Vetenskapsradet) is the largest provider of public funds (2.5 billion 
Swedish kronor a year, or $342 million USD) for basic research at Swedish higher education 
institutions and research institutes. Support is provided to all academic disciplines and includes 
funding for projects, appointments, fellowships for postdoctoral and PhD students, and equipment 
and infrastructure. Grants are primarily one time only.  
 
Research Councils UK's Basic Technology Research Programme involves the creation of new 
capabilities in areas such as nanotechnology, imaging, photonics and sensors. The Programme seeks 
to develop a generic technology base that can be adapted to a range of scientific research problems.  
Funding is directed toward the tools, instruments, systems, and approaches that will support 
scientific and technological development. All research disciplines are eligible, and the Programme 
is open to UK universities, hospitals, and other institutions. Grants are for projects in excess of 
£500,000 ($940,590 USD). Ideas at an early stage may receive funding for proof of concept 
feasibility studies. 
 
Alberta Ingenuity Fund funds research in the natural sciences and engineering. The New Faculty 
Award is a broad-based program covering basic to applied research. It provides start-up support, 
primarily operating funds, to independent investigators in their first academic career appointment at 
an Alberta university or college. Twelve grants of up to $100,000 CAD ($90,382 USD) a year for 
three years, are awarded each competition. The funds can be used for costs associated with 
establishing a new research laboratory and program. Medical or human health-related initiatives are 
not covered by the New Faculty Award. Proposals are judged in part on the contribution to training 
of research personnel. The Alberta Ingenuity Fund also has awards for attracting researchers and 
fellowships.   
 
European Science Foundation Collaborative Research Scheme (EUROCORES). The European 
Science Foundation is an association of 78 member organizations devoted to scientific research in 
30 European countries. The EUROCORES program allows national basic research funding 
organizations to support European research in and across all scientific areas. The program allows 
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researchers in different European countries to collaborate on projects in which a larger European 
scale and scope are required.  Collaborative Research Projects (CRP) are formed from a number of 
individual projects and funded for three to four years. To be eligible, a proposing team must 
have researchers from at least four different European Science Foundation member countries. The 
total EUROCORES budget is €5-12 million ($6.4-15.3 million USD). It is unclear how much of 
EUROCORES' funding is devoted to universities. 
 
European Union Framework Programmes are the European Union (EU)'s main instrument for 
research funding. The Sixth Framework Programme is currently underway, and each lasts five 
years. Currently basic research support within this program is limited, but at least one program has 
characteristics comparable to the ARP. The New and Emerging Science and Technology (NEST) 
program supports unconventional and visionary research in any field. Research in this program is 
meant to cut across or lie outside the Sixth Framework Programme's thematic priority areas. The 
program is structured so that a project must entail collaboration among a minimum of three 
researchers from three different EU countries. NEST has a budget of €215 million ($274.8 million 
USD) and has three complementary sub-programs known as action lines. The first, Adventure 
Projects, are visionary research projects that develop new scientific and technological 
opportunities. It is recognized that these projects are not always successful. The second, Insight 
Projects, assess new discoveries or newly-observed phenomena which could indicate risks or 
problems to society. The third, Pathfinder Initiatives, is focused on specific objectives in emerging 
scientific and technological fields and involve groups of complementary projects. A Pathfinder 
Initiative has a budget of €10-12 million ($12.7-15.3 million USD). The coming Seventh 
Framework Programme will be administered by the European Research Council, the first pan-
European funding agency for frontier research. Funding will dispensed to individual scientists, as 
opposed to the large collaborations that have characterized previous Framework programs. All 
scientific and technological fields will be funded, including engineering, socio-economic sciences 
and the humanities. 
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Chapter 9 - Select Economic, Educational, and Scientific Benefits 
 
HIGHLIGHTS 
 

• Data from principal investigator (PI) surveys indicate that approximately one-fifth (22%) 
of projects have led to an economic benefit, although most PIs were unable to quantify 
this value. 

• Approximately $120 million in specific economic benefits has resulted from Advanced 
Research Program (ARP) support. 

• PIs listed numerous other unquantifiable economic, educational, and scientific benefits, 
many of which are profound.  

 
 
PIs were asked via the web-based survey if their project(s) had led to the adoption of a new 
process, improvement of an existing process, or produced cost savings, cost avoidance, or 
improved an existing technology. Approximately 23% of PIs who responded to this question 
answered yes. Survey respondents were then asked to estimate the value of this benefit. The 
majority of respondents were unable to estimate this value. Those who were, however, estimated 
a total of $68.3 million of economic benefit. Therefore, based on projecting from the sample of 
projects to all ARP projects, an estimated $120 million in economic value has resulted from ARP 
funding. 
 
In addition, PIs were asked to cite specific economic, educational, and scientific benefits that 
were outcomes from their ARP project(s). The most commonly cited benefits included: 
 

• Training students for future careers; 
• Publishing of peer-reviewed papers; 
• Enhanced reputation of their universities; 
• Ability to continue research; 
• Recruiting top students and faculty; 
• A better understanding of field of study; 
• Development of intellectual property; 
• Providing seed money for laboratories; and 
• Leveraging additional funds. 

 
A sampling of detailed survey responses from individual PIs are quoted below. These illustrate 
the array of positive impacts ARP grants have generated.   
 

The research sponsored by ARP combined with funding from TxDOT led to 
improved bracing techniques for steel bridge girders. The methodologies 
developed in the research are currently being implemented in the design and 
construction of three bridges in Lubbock and a bridge in Austin. The number of 
braces on the bridge was dramatically reduced, which leads to economic savings 
in the fabrication of the bridges. There should be additional savings since the 
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bridge should be easier to construct and easier to inspect over the life of the 
bridge. 
 
The study of gas hydrates is crucial because it is a drilling hazard in most 
hydrocarbon producing continental shelves, such as in the Gulf of Mexico. It also 
represents a significant (but, as yet, untapped) potential source of methane for 
energy consumption, and is a potential contributor to global warming. Thus, the 
economic implications of detailed studies of gas hydrates are enormous. 
 
The use of certain agents to facilitate brain plasticity will be used in the next 
century for disorders other than stroke including traumatic brain injury and 
dementia.  Thank you, ARP, for your important early support. 
 
A research facility was developed at Texas A&M. 
 
Discovery of 40 vertebrate species new to science. Training of over a dozen 
students in field and museum techniques. Biogeographic understanding of 
amphibians and reptiles. 
 
Cardiologists at Texas Heart Institute have modified their non-surgical treatment 
of aortic abdominal aneurysm based on our research findings.   
 
The scientific field has now come to accept the new mode of action of drugs that 
we proposed in our ARP project. At a recent international conference, discussion 
occurred about changing textbooks and the way medical students are trained. 
Pharmaceutical companies are beginning to realize that drugs may have more 
specificity than previously realized. 
 
We have trained five graduate students, four of whom went on to undertake higher 
level degrees at other institutions. The fifth student joined a commercial wind 
tunnel organization. Their training and skill development were very much 
appreciated by their employers. We have published widely on the simulation of 
thunderstorm downbursts and tornadoes and await the fruit of this research with 
NSF and NIST funding for a large tornado simulator. We have maintained the 
reputation for wind engineering research at Texas Tech University and have 
promoted this across the world by attracting students from Australia. 
 
The ARP project was acknowledged in over 100 lectures, including the keynote 
address at the Einstein Centennial celebration in 2005. 
 
This is a very high tech, specific and narrow field as no other university in the 
world is building human PET camera ($2 million per camera) to compete with 
industry (like GE, Siemens and Philips). Hence, we provide a unique education 
experience for students that is not available at most universities. 
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ARP competitions and grants help faculty to be prepared for the national arena. 
These grants bring new life to universities, especially the smaller, teaching 
oriented ones. We get high quality students and classes do improve by the osmosis 
effect. 
 
Numerous publications and professional presentations at conferences. Support of 
students who later were employed in industry and have excelled in their 
employment. New knowledge that enhances the scientific field and has potential 
for new technologies. 
 
My two grants enabled me to hire two postdoctoral fellows at a point that I would 
have had no other way to do this. In each case, the postdoctoral student was at 
exactly the right level, and my research at exactly the right point, to benefit 
strongly from this interaction. I cannot emphasize strongly enough how much this 
intervention benefited my career:  my research got a boost, my reputation grew 
tremendously in the 1990s as a result of this stimulation, and I have used this 
reputation to help attract more outstanding faculty to my department. 
 
The grant allows the PI to explore new areas of research related but not limited 
to the ARP award. This breathing space is essential in order to get a fresh look at 
the issues and problems to come up with new ideas. Most mission-oriented 
research grants have more restricted scope. 
 
We obtained crystal structures of multiple protein kinases based on the expression 
strategy funded by the ARP. Several companies obtained materials and we 
received compensation that enhanced our later work. Many companies have used 
the structural information we generated using this methodology to accelerate 
drug discovery programs. 
 
Development of a model of breast cancer brain metastasis, which is being used in 
further research into what controls brain metastasis, and what may be used for 
prevention or inhibition of this fatal consequence of breast cancer progression. 
 
The research undertaken has shown the importance of both DNA methylation and 
histone methylation systems in the regulation of gene expression. This is of 
fundamental scientific importance and will contribute to the development of 
transgenic crops having beneficial agronomic traits. Intrinsic to the research was 
the training of students. One is employed in the U.S., one in Canada and two will 
graduate this year. Spin-off in the terms of future grant funding and patent 
applications will continue to accrue. 
 
Novel application of computer technology to bioinformatics. Development of a 
very widely-used Web site for accessing previously unavailable information. 
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We have developed anti-tumor compounds, which were patented and licensed to a 
startup company. The compounds show good activity in animals. These results 
are important economically and scientifically. 
 
Using ARP funds, we were able to develop a method for rapid DNA photoproduct 
analysis which was a vast improvement over cumbersome methods developed in 
the 1960's. This in turn enabled us to advance more rapidly with our research 
into repair of DNA damage caused by UV radiation. 
 
My project provided strong evidence that vegetation is an important amplifier of 
greenhouse warming, and showed that changes in vegetation can have important 
implications for future climates. The ARP project changed the way in which 
climate scientists approach the problem of modeling past climates and led the 
way to additional work. This additional work demonstrated that vegetation was 
an important modifier of climatic change during the mass extinction of dinosaurs. 
 
My project clearly contributed to the interdisciplinary training of graduate 
students who learned semiconductor processing techniques as well as water 
filtration. One outside company has been talking to us about potentially using the 
improved product made possible by THECB funding. Scientifically, the ability to 
fabricate near ideal membranes has tremendous economic implications in 
biotechnology as well as other industrial and municipal markets. We need just a 
few more years to make our process robust and completely reliable. 
 
My ARP project helped my lab begin work on a new protein, ribonuclease Sa. 
Our studies on this protein have greatly improved our understanding of protein 
stability and of the methods that can be used to improve protein stability. I am 
now in year 20 of my NIH grant and this may not have been possible without the 
benefits of the ARP Project. 
 
I was able to host multiple summer students, several of which have pursued 
careers in biomedical sciences. One of the markers we discovered for the 
childhood tumor, hepatoblastoma may eventually be developed into a diagnostic 
test. I was able to get preliminary data which helped in securing other sources of 
funding. 
 
1. Preliminary data to improve treatment of metastatic melanoma which is 
common in Texas.  2. Trained Fort Bend county school teacher in molecular 
biology techniques brought back to gifted high school students. 3. Trained Baylor 
MD student who has gone into academic medicine. 4. Training of molecular 
biologist who has become a Merck scientific liaison at M.D. Anderson. 
 
From the ARP project a new spectroscopic method was developed for studying 
molecules at high excitation. The project was instrumental in bringing in 
extramural funding to the university and permitted students to be trained who are 
currently in the workforce in Texas, elsewhere in the U.S., and in France. 



Chapter 9 – Select Economic, Educational, and Scientific Benefits 
 

 175

 
The ARP funding allowed technology development and in-depth proof-of-
principle demonstrations that opened the door to large amounts of federal 
funding.  It was the springboard for the next 15 years of my scientific efforts, 
funded largely by federal agencies (NSF).  ARP funding directly supported (in 
part) the advanced education of 20 students, and the follow-on funding has 
supported several dozen more.  
 
An industrial consortium consisting of 11 international companies was formed in 
2001. The growth potential for this consortium is great. As a result of this 
research, we are now the world leader in the study of scratch behavior of 
polymers. We have also established a new ASTM standard based on our research. 
A utility patent has been filed. Many companies are interested in buying scratch 
machines from us. Now, Ford, Toyota, and Nissan have looked into a possibility 
to use our test standard and research findings as a basis for their internal 
specification and evaluation of plastics parts. Concurrently, coating companies, 
furniture companies, packaging companies are all in contact with us to help them 
address their needs 
 
We developed a high-pressure laboratory that included under the ARP funding, a 
unique ability to measure thermoelectric power under high pressure. 
 
1. Recognition of complex geologic 'basement' beneath West Texas.  2. 
Identification of rock units responsible for major seismic reflectors (relates to 
petroleum exploration). 3. Identification of two previously unknown thermal 
events in the West Texas/Southern New Mexico basement. 4. Education of 
students with regard to modern micro-analytical methods. 
 
We are well along the way in developing a solar photocatalyst for water 
decomposition (to make hydrogen).  We would not be at this point or even near it 
without ARP. 
 
Both projects developed/documented concepts and interpretation techniques that 
have impacted evolution of applied sequence stratigraphy application in 
petroleum exploration.  Concepts were incorporated in annual short courses that 
I presented as a part of the American Association of Petroleum Geologists 
continuing education program.  Both students went on to senior positions in the 
petroleum industry, based in part on their advanced training in sequence 
stratigaphy.  In part the industry consortium which I now direct, and which began 
12 years ago, was an outgrowth of the work in the Gulf of Mexico basin done 
under the ARP grants. This consortium has generated about four million dollars 
in support to the UT Institute for Geophysics over its 12 year life. 
 
Developed a new process for nano-scale patterning that provides benefits in 
sensor technologies, chip manufacturing, and many other applications. 
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Developed laser injection seeding techniques that have been widely adopted. 
 
We have now a state of the art femto-second laser laboratory doing, among other 
research, homeland defense research on biological agents. This would not have 
happened without initial funds from ARP. 
 
It has provided UT Austin with a signature molecule, texaphyrin, which could 
emerge as a unique example of a drug product resulting from academic research. 
It (texaphyrin) has helped raise the profile of UT Austin as evidenced by the fact 
that it was chosen for highlight when Senator Kay Bailey Hutchison gave her 
commencement speech here at UT Austin some years ago. The success of this 
project has also provided an incentive to set up the new TI3D drug development 
institute on campus at UT Austin. 
 
I run a multimillion dollar laboratory which trains 20 students at any time. I 
might not have stayed as long in Texas without the program. I am sorry to see it 
crumble now into ruins in the current state. It was a great program. It's not even 
worth submitting to now. 
 
Students that would otherwise not go on to graduate school have because I have 
had this funding. According to the literature, the average earning potential 
increase for those students over their lifetime is $2.5M, which calculated to a 
present worth is nearly $1M per student. This provides a tremendous benefit to 
the state that is not totally realized by the public. The educational benefits are 
insurmountable because of the new technology that is developed… The university 
benefits because they are training the new workforce of the future and the 
students involved in these projects go out with the latest technology capabilities in 
their bank of knowledge in addition to the tools on how to continue to train 
themselves in new technology.
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Chapter 10 – Potential Changes and Modifications 
 
The Texas Advanced Research Program (ARP) is clearly fulfilling its initial legislative intent 
and goals to “…support research designed to attract and retain the best students and researchers 
and to help provide the knowledge base needed for innovation.” The program’s estimated 
economic impact in Texas to date far exceeds the state’s investment, significant unquantifiable 
educational and scientific benefits have been produced, and a number of significant, new 
commercial and scientific outcomes may occur in the next several years. While no strong 
imperative exists for changing the ARP, should policymakers want to enhance program benefits, 
the following modifications might be considered. The first set of suggestions could be executed 
with existing program resources. If a funding increase is implemented, the second set of 
recommendations would be feasible and could be considered as well.  
 
 
RECOMMENDATIONS BASED ON EXISTING RESOURCES 
  
Funding Allocation 
 
 Emphasize Funding of Young Researchers 

Principal investigators’ comments indicate that young researchers have difficulty in 
submitting competitive proposals for federal grants. To help establish the reputations and 
research directions of young researchers at Texas universities, a portion of current 
resources could be reserved for these scientists. Stronger support of young researchers 
could serve as another mechanism to attract outstanding faculty to public universities in 
Texas and, over time, may increase the program’s leverage ratio of federal funding.   

 
Review Process and Award Decisions 

 
 Reiterate Intent of Program in Review Process 

The ARP statute stresses provision of the knowledge base necessary for innovation. 
According to a number of PIs, however, this has been interpreted by reviewers as 
choosing projects with commercialization potential. While it is difficult to determine if 
that has occurred, instructions to reviewers in the next award cycle should rectify this 
possible problem.  

 
 Evaluate University Review Process 

In the 2006 cycle, the ARP submission process was modified to limit the number of 
proposals from each public university. Principal investigators have criticized this change 
for two reasons: university-based decisions are subject to non-scientific considerations 
and university staff are unqualified to judge the merits of technical, scientific proposals. 
These criticisms suggest the proposal-limiting change should be reviewed to determine if 
its benefits exceeded its costs.  
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RECOMMENDATIONS BASED ON INCREASED RESOURCES  
 
Reporting Requirements 

 
 Tracking of Student Impacts 

Because students are a critical element of the ARP, enhanced tracking should be 
performed. This includes better identification of students supported by ARP as well as 
later employment characteristics. Data should be collected at regular intervals from Texas 
employers to assess their needs for science and technology graduates and their 
satisfaction with, and knowledge of, the Advanced Research Program.   
 

 Auditing Information 
HECB staff should periodically examine in detail a sample of PI-reported outcome data 
on PI reports to determine more precisely the accuracy of these data.   

 
Program Eligibility 
 
 Private Universities 

A slight majority of senior university administrators in Texas support participation of 
private universities in the ARP. An intermediate step would be to allow their participation  
in collaborative proposals with public universities.  

 
Targeted Funding 
 
 Priority Research Areas 

To achieve further program focus and garner additional support among new 
constituencies, it may be beneficial to select a number of targeted research areas 
important to the State of Texas and allocate some new funds to projects in those areas.  

 
 Second Stage Awards 

Assuming that the ATP/TDT programs are not reinstated, a portion of ARP funding 
might be allocated to specific follow-up needs of previous, successful ARP projects. 
Targeting could be focused on research projects which offer outstanding future prospects.   

 
 Improving the Leveraging Ratio 

Benchmarking of basic research programs tentatively concluded that ARP’s leverage 
ratio may be less than those of other state government basic science programs. Some 
portion of new funds might be reserved for projects that clearly demonstrate an ARP 
award will lead to substantial outside funding. One option would be to consider making a 
portion of the ARP funds in this category contingent upon receiving outside support. A 
more fundamental change would add a new element to all project proposals and the  
review process, which places greater emphasis on how ARP support would lead to 
additional outside research support.    
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More Collaborative Projects 
A number of university administrators stressed that institutions were competing, rather 
than collaborating, for securing research support. Some percentage of new funding could 
be allocated to inter-institutional projects or additional points could be awarded for such 
proposals in the review process. At a later time, consideration might be given to enlarging 
this sub-category of projects to collaborative proposals across disciplines within 
universities.  

 
 
THE ARP AND UNIVERSITY MISSIONS 
 
One key challenge uniformly cited by senior university administrators is inadequate research 
funding. Increased ARP funding would begin to address that challenge. A larger Advanced 
Research Program would not address a second key priority of administrators—their preference 
for a balanced portfolio of research investments ranging from basic research through applied 
research and development. A balanced approach, over time, would culminate in more start-up 
companies selling products derived from university research. Further, a balanced portfolio would 
enable public universities in Texas to perform more effectively their equally vital economic and 
public missions. 
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Appendix A: PI Survey Instrument 
 

PI Survey - Single 
 
Thank you for participating in this survey of ARP grant recipients. We have attempted to 
minimize duplication of information you previously have supplied to the Texas Higher 
Education Coordinating Board.  
 
Please note that surveys cannot be started on one computer and finished on another. However, 
partially completed surveys may be saved and finished later, provided the same computer is 
used.  
 
If you have any questions about completing the survey, please contact Dr. Bruce Kellison via e-
mail at ARP@icc.utexas.edu or by phone at (512) 475-7813.  
 
We thank you in advance for your cooperation. 
 
1.) Principal Investigator (PI) name: 
 
2.) E-mail address: 
 
3.) Office Phone: 
 
4.) Please check the primary field in which your project occurred (choose only one). 
 

o Astronomy 
o Atmospheric Sciences 
o Biological/Behavioral Science 
o Biological Sciences 
o Biological Sciences – Molecular Biology and Genetics 
o Biological Sciences – All Other 
o Chemistry 
o Computer and Information Sciences 
o Computer Sciences 
o Earth Sciences 
o Engineering 
o Engineering – Electrical and Electronics 
o Engineering – All Other 
o Marine Sciences 
o Materials Science 
o Mathematics 
o Oceanography 
o Physics 
o Physics and Astronomy 
o Social and Behavioral Sciences 
o Other; Please Specify: ____________________ 
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5.) How many students worked on your project? 
 
1-3  4-9  10-19  20 or more 

 
Post-Doctoral  °  °  °  ° 
Doctoral  °  °  °  ° 
Masters  °  °  °  ° 
Undergraduate  °  °  °  ° 
 
6.) Please provide the names and current e-mail addresses of former graduate students 

who were paid from your ARP project funds.  
 

(We plan to send a very short survey to former graduate students who worked on ARP 
projects and for whom we have no e-mail information.) 

 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
7.) How many graduate students were employed full time for more than six months in 

jobs located in Texas as a result of their work on your project?  
 

Please list number of students by sector of employment.  If you don't know, enter zero (0). 
 

University/academic positions ______ 
Business/government positions ______ 
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8.) How many undergraduate students were employed full time for more than six 
months in jobs located in Texas as a result of their work on your project? 
 
Please list number of students by sector of employment.  If you don't know, enter zero (0). 

 
University/academic positions ______ 
Business/government positions ______ 

 
9.) Please cite any marketable skills or competencies acquired by students who worked 

on your project. 
 
 
 

 
10.) At what stage of the technology/product development cycle is your project?   

 
 (Please choose only one.) 
 

o No product development is anticipated 
o Two or more years of additional R&D are required 
o A satisfactory prototype process has been developed 
o Serious planning for commercialization is underway 
o Commercialization has begun 

 
11.) Which of the following resulted specifically from your project?  
 
Please write the approximate number for each. If the question does not apply, skip it and go 
on to the next question.   

 
Inventions disclosed         _____ 
Patents filed          _____ 
Patents issued          _____ 
Copyrights registered         _____ 
Licenses granted, total        _____ 
Number of licenses currently returning royalty or non-royalty payments  _____ 
 

12.) Which of the following resulted specifically from your project?   
 
Please indicate the approximate number.  If a part of the question does not apply, skip it and 
go to the next part. 
 

Total amount (dollars) of license gross revenue (total royalty and     
non-royalty payments) earned by project to date    _____ 

Follow-on research funds (dollars), Federal      _____ 
Follow-on research funds (dollars), Industrial     _____ 
Follow-on research funds (dollars), State, Foundation, International  _____ 
 



Appendix A: PI Survey Instrument 

186  

 
13.) How many companies were formed as a result of your project?  
 
Please include only those companies formed in Texas with at least $5000 in start up capital 
investment. 
 

o None 
o One 
o Two or more 

 
14.) What is the name of the company (or companies)? 
 
 
 

 
15.) Please provide the average number of jobs per year at each company. 

 
 Company 1  Company 2  Company 3  Company 4 

 
None        °          °          °          ° 
1-3         °          °          °          ° 
4-20        °          °          °          ° 
21-50        °          °          °          ° 
50 or more        °          °          °          ° 

 
16.) Are any of these companies still active (continuing to pay employee salaries or 

continuing to fund a marketing budget of at least $2500 per year)? 
 

 Company 1  Company 2  Company 3  Company 4 
 

Yes        °          °          °          ° 
No         °          °          °          ° 

 
17.) To the best of your knowledge, have your projects led to the adoption of a new 

process (or improvement of an existing process), or produced cost savings, cost 
avoidance or a product enhancement? 

 
o Yes 
o No 

 
18.) If you answered 'yes' in the above question, please provide an estimate of its 

economic benefit (in $'s) to the company/companies that have utilized it.   
 

 Put 'don't know' if you cannot estimate it. 
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19.) Indicate if you agree or disagree with the following statements: 
 

Strongly Agree   Neutral    Strongly Disagree 
 

a) I have reason to expect that rights to the intellectual property developed as a result of my 
ARP project will be licensed in the future. 

 
 °       °             °       °                °       °              °  
 
Strongly Agree   Neutral    Strongly Disagree 

 
b) As a result of the funding received under the Advanced Research Program, the 

commercialization of technology was accelerated. 
 
 °       °             °       °                °       °              °  
 

20.) Please indicate how important you find the following statements: 
 
Very Important    Moderately Important   Not Important 

 
a) How important is the ARP grant program in attracting outstanding graduate students to your 

institution? 
 °       °             °       °                °       °              °  
 
Very Important    Moderately Important   Not Important 

 
b) How important is the ARP grant program in attracting outstanding faculty to your institution? 
 
 °       °             °       °                °       °              °  
 

21.) Indicate if you agree or disagree with the following statements: 
 
Strongly Agree   Neutral    Strongly Disagree 

 
a) Educated students are the most important product of the ARP program. 
 
 °       °             °       °                °       °              °  
 
Strongly Agree   Neutral    Strongly Disagree 

 
b) ARP projects contribute significantly to producing graduates properly trained for their 

intended job markets. 
 
 °       °             °       °                °       °              °  
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Strongly Agree   Neutral    Strongly Disagree 
 

c) The ARP award enabled me to secure additional federal, foundational, or industrial funding, 
which I would not have obtained otherwise. 

 
 °       °             °       °                °       °              °  
 

22.) Please cite specific economic, educational, and scientific benefits (for the State of 
Texas, your university, or your scientific field) that have resulted from your ARP 
projects. 

 
 
 

 
23.) What are the major gaps or missing funding links in these programs, if any, that 

need to be addressed? 
 
 
 
 

24.) Ideally, what research programs should the State of Texas aspire to have in the 
next ten years? 

 
 
 
 

25.) In the coming years, should an ARP-type program (pre-prototype, early-stage 
basic research) continue to be part of a multi-program menu? If so, how would it 
best fit within this spectrum of research support? 
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PI Survey - Multiple 
 
Thank you for participating in this survey of ARP grant recipients who have received two or 
more awards. Please note that you will be asked to fill out several questions about *all* your 
projects. Most questions, however, will ask only about your *initial two* projects.  
 
We have attempted to minimize duplication of information you previously have supplied to the 
Texas Higher Education Coordinating Board.  
 
Please note that surveys cannot be started on one computer and finished on another. However, 
partially completed surveys may be saved and finished later, provided the same computer is 
used.  
 
If you have any questions about completing the survey, please contact Dr. Bruce Kellison via e-
mail at ARP@icc.utexas.edu or by phone at (512) 475-7813.  
 
We thank you in advance for your cooperation. 
 
1.) Principal Investigator (PI) name: 
 
2.) E-mail address: 
 
3.) Office Phone: 
 
4.) Check the appropriate box if you have had two or more ARP projects: 
 

o Two 
o Three or more 
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5.) Please check the primary fields in which your initial two projects occurred. 
 

1st Project 2nd Project 
 

Astronomy       °  ° 
Atmospheric Sciences      °  ° 
Biological/Behavioral Science     °  ° 
Biological Sciences      °  ° 
Biological Sciences – Molecular Biology and Genetics  °  ° 
Biological Sciences – All Other     °  ° 
Chemistry        °  ° 
Computer and Information Sciences    °  ° 
Computer Sciences      °  ° 
Earth Sciences       °  ° 
Engineering       °  ° 
Engineering – Electrical and Electronics    °  ° 
Engineering – All Other      °  ° 
Marine Sciences       °  ° 
Materials Science       °  ° 
Mathematics       °  ° 
Oceanography       °  ° 
Physics        °  ° 
Physics and Astronomy      °  ° 
Social and Behavioral Sciences     °  ° 

 
6.) How many students worked on your initial two projects, combined? 

 
1-3  4-9  10-19  20 or more 

 
Post-Doctoral  °  °  °  ° 
Doctoral  °  °  °  ° 
Masters  °  °  °  ° 
Undergraduate  °  °  °  ° 
 

7.) Please provide the names and current e-mail addresses of former graduate students 
who were paid from all your ARP project funds.  

 
(We plan to send a very short survey to former graduate students who worked on ARP 
projects and for whom we have no e-mail information.) 

 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
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Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
Student Name: 
E-mail: 
 
8.) How many graduate students were employed full time for more than six months in 

jobs located in Texas as a result of their work on your initial two projects?  
 

Please list number of students by sector of employment.  If you don't know, enter zero (0). 
 

University/academic positions ______ 
Business/government positions ______ 

 
9.) How many undergraduate students were employed full time for more than six 

months in jobs located in Texas as a result of their work on your initial two 
projects? 
 
Please list number of students by sector of employment.  If you don't know, enter zero (0). 

 
University/academic positions ______ 
Business/government positions ______ 

 
10.) Please cite any marketable skills or competencies acquired by students who worked 

on all your projects. 
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11.) At what stage of the technology/product development cycle are your initial two 
projects?   

 
 (Please choose only one per project.) 
         1st Project 2nd Project 

 
No product development is anticipated    °  ° 
Two or more years of additional R&D are required   °  °  
A satisfactory prototype process has been developed   °  °  
Serious planning for commercialization is underway   °  ° 
Commercialization has begun      °  ° 

 
12.) Which of the following resulted specifically from your initial two project?  
 
Please write the approximate number for each. If the question does not apply, skip it and go 
on to the next question.   

         1st Project 2nd Project 
 

Inventions disclosed       _____  _____ 
Patents filed        _____  _____ 
Patents issued        _____  _____ 
Copyrights registered       _____  _____ 
Licenses granted, total      _____  _____ 
Number of licenses currently returning royalty or 

 non-royalty payments      _____  _____ 
 

13.) Which of the following resulted specifically from your initial two projects 
combined?   

 
Please indicate the approximate number.  If a part of the question does not apply, skip it and 
go to the next part. 

 
Total amount (dollars) of license gross revenue (total royalty     

and non-royalty payments) earned by project to date    _____ 
Follow-on research funds (dollars), Federal      _____ 
Follow-on research funds (dollars), Industrial     _____ 
Follow-on research funds (dollars), State, Foundation, International  _____   
 

14.) How many companies were formed as a result of your project?  
 
Please include only those companies formed in Texas with at least $5000 in start up capital 
investment. 
 

o None 
o One 
o Two or more 
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15.) What is the name of the company (or companies)? 
 
 
 

 
16.) Please provide the average number of jobs per year at each company. 

 
 Company 1  Company 2  Company 3  Company 4 

 
None        °          °          °          ° 
1-3         °          °          °          ° 
4-20        °          °          °          ° 
21-50        °          °          °          ° 
50 or more        °          °          °          ° 

 
17.) Are any of these companies still active (continuing to pay employee salaries or 

continuing to fund a marketing budget of at least $2500 per year)? 
 

 Company 1  Company 2  Company 3  Company 4 
 

Yes        °          °          °          ° 
No         °          °          °          ° 

 
18.) To the best of your knowledge, have your projects led to the adoption of a new 

process (or improvement of an existing process), or produced cost savings, cost 
avoidance or a product enhancement? 

 
o Yes 
o No 

 
19.) If you answered 'yes' in the above question, please provide an estimate of its 

economic benefit (in $'s) to the company/companies that have utilized it.   
 

 Put 'don't know' if you cannot estimate it. 
 
 
 
 

20.) Indicate if you agree or disagree with the following statements: 
 

Strongly Agree   Neutral    Strongly Disagree 
 

a) I have reason to expect that rights to the intellectual property developed as a result of my 
ARP project will be licensed in the future. 

 
 °       °             °       °                °       °              ° 
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Strongly Agree   Neutral    Strongly Disagree 
 

b) As a result of the funding received under the Advanced Research Program, the 
commercialization of technology was accelerated. 

 
 °       °             °       °                °       °              °  
 

21.) Please indicate how important you find the following statements: 
 
Very Important    Moderately Important   Not Important 

 
a) How important is the ARP grant program in attracting outstanding graduate students to your 

institution? 
 °       °             °       °                °       °              °  
 
Very Important    Moderately Important   Not Important 

 
b) How important is the ARP grant program in attracting outstanding faculty to your institution? 
 
 °       °             °       °                °       °              °  
 

22.) Indicate if you agree or disagree with the following statements: 
 
Strongly Agree   Neutral    Strongly Disagree 

 
a) Educated students are the most important product of the ARP program. 
 
 °       °             °       °                °       °              °  
 
Strongly Agree   Neutral    Strongly Disagree 

 
b) ARP projects contribute significantly to producing graduates properly trained for their 

intended job markets. 
 
 °       °             °       °                °       °              °  
 
Strongly Agree   Neutral    Strongly Disagree 

 
c) The ARP award enabled me to secure additional federal, foundational, or industrial funding, 

which I would not have obtained otherwise. 
 
 °       °             °       °                °       °              °  
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23.) Please cite specific economic, educational, and scientific benefits (for the State of    
Texas, your university, or your scientific field) that have resulted from your ARP 
projects. 

 
 
 

 
24.) What are the major gaps or missing funding links in these programs, if any, that 

need to be addressed? 
 
 
 
 

25.) Ideally, what research programs should the State of Texas aspire to have in the next 
ten years? 

 
 
 
 

26.) In the coming years, should an ARP-type program (pre-prototype, early-stage basic 
research) continue to be part of a multi-program menu? If so, how would it best fit 
within this spectrum of research support.
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Appendix B: Letters/e-mails to Principal Investigators 
 
E-mail 1: Initial Introduction and Request for Survey Participation 
Date: January 19, 2006 
 
From: ARP@icc.utexas.edu 
Subject: Message from Linda Domelsmith: Survey of ARP Program 
 
Dear Dr. [LastName], 
 
I am writing to ask you to participate in a comprehensive impact assessment of the achievements 
and accomplishments of the State of Texas’ Advanced Research Program (ARP).  The study is 
being conducted by a team led by Dr. James Jarrett of the IC² Institute at The University of 
Texas at Austin.  
 
This study was suggested by a panel of experts appointed by the Texas Higher Education 
Coordinating Board to evaluate the ARP, ATP/TDT programs. The panel’s report stated that the 
ARP is “not well known by Texas industry nor by Texas citizens.” The report went on to say that 
“It is important that Texans understand the very positive impact and contribution of these 
programs to the state, its universities, and its business environment.”  Especially during times of 
severe resource constraints, it is essential that a program’s impacts be identified and 
communicated to policymakers.    
 
Our records indicate that you have been awarded one or more ARP grants. You are being asked 
to participate in a short survey of all ARP principal investigators. Completing this web-based 
survey will be a critical component of the assessment and should only take about 15 minutes of 
your time. Your answers will be held in complete confidence. All responses will be aggregated, 
and no responses will be attributed to individuals or shared with the Coordinating Board staff, or 
appear in the public report without your prior authorization. Also, this independent assessment 
has no relationship with the 2006 ARP award competition.    
 
To complete the survey, please click on the following link: [SurveyLink]  
 
We would like to have all surveys completed by February 8, 2006. Your timely response will 
help ensure that ARP achievements and benefits are documented.   
 
Thank you in advance for your assistance and cooperation. 
 
 
Dr. Linda N. Domelsmith 
Director of Research and Workforce Grant Programs 
Texas Higher Education Coordinating Board 
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We are required by anti-spam regulation to include the link that appears below.  Clicking the link 
will prevent you from taking the survey but will NOT remove you from our survey mailing list.  
Please call Dr. Kellison of the assessment study staff at 512-475-7813 with any questions about 
the survey, spam, or the mailing list before clicking the link. 
[RemoveLink] 
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E-mail 2: Follow-up e-mail to non-respondents 
Date: February 10, 2006 
 
Subject: Your ARP Project 
 
Dear Dr. [LastName], 
 
Several weeks ago you were contacted regarding a short survey about projects funded by the 
State of Texas' Advanced Research Program (ARP).  According to our records, we have yet to 
receive any information regarding your project(s). We kindly request that you complete the web-
based survey before February 24th. 
 
The survey is available at: [SurveyLink] 
 
Your response will ensure that outcomes for projects in your research field are adequately 
represented in future program funding decisions. Additionally, your timely response will ensure 
that we do not bother you with further e-mails in coming weeks. 
 
Thank you in advance for your participation. 
  
 
Dr. Linda N. Domelsmith 
Director of Research and Workforce Grant Programs 
Texas Higher Education Coordinating Board 
 
  
 
We are required by anti-spam regulation to include the link that appears below.  Clicking the link 
will prevent you from taking the survey but will NOT remove you from our survey mailing list.  
Please call Dr. Kellison of the assessment study staff at 512-475-7813 with any questions about 
the survey, spam, or the mailing list before clicking the link. 
[RemoveLink] 
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E-mail 3: Final reminder e-mail to non-responders 
Date: March 1, 2006 
 
Subject: Friendly Reminder: Please Complete ARP Survey 
 
Dear Dr. [LastName], 
 
On two previous occasions in the last several weeks you were asked to complete a short survey 
about one or more grants you have received from the State of Texas’ Advanced Research 
Program (ARP). We have yet to receive any information regarding your project(s). Would you 
please complete the short web-based survey before March 14? 
 
We understand that one or more of your projects may have been many years ago. If you are not 
able to easily recall or find the data we are requesting, please list your best estimate or leave the 
field blank for this information. The survey should only take you about 15 minutes, and we do 
not expect you to spend any more time than that searching for old documents to list precise 
numbers. If we need to clarify any item with you later, we will contact you directly about that 
specific item. 
 
To connect to the survey, use the following link: [SurveyLink] 
 
If you have any problems with the Web site, we can provide you a copy of the survey via e-mail. 
Your feedback is essential to our assessment and will ensure that the outcomes from your project 
and your project field are accurately represented to policy makers as future funding decisions are 
made.  
 
Thank you in advance for your participation. 
 
 
James E. Jarrett, Ph.D. 
Principal Investigator 
IC² Institute & McCombs School of Business 
The University of Texas at Austin 
 
 
 
 
We are required by anti-spam regulation to include the link that appears below.  Clicking the link 
will prevent you from taking the survey but will NOT remove you from our survey mailing list.  
Please call Dr. Kellison of the assessment study staff at 512-475-7813 with any questions about 
the survey, spam, or the mailing list before clicking the link. 
[RemoveLink]
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Appendix C: Student Survey Instrument 
 

ARP Student Survey 
 

Thank you for participating in this survey of students who have worked on ARP grants. The 
survey should only take about 10 minutes to complete.  
 
Please note that surveys cannot be started on one computer and finished on another. However, 
partially completed surveys may be saved and finished later, provided the same computer is 
used.  
 
If you have any questions about completing the survey, please contact Dr. Bruce Kellison via e-
mail at ARP@icc.utexas.edu or by phone at (512) 475-7813.  
 
We thank you in advance for your cooperation. 
 
1. Where did you live immediately after ending your university program? 
 

o In Texas 
o Elsewhere in the US 
o Outside the US 

 
2. Where do you live now? 
 

o In Texas 
o Elsewhere in the US 
o Outside the US 

 
3. Professionally, what are you currently doing? 
 

o Still enrolled as a student 
o Employed by an academic organization 
o Employed by a governmental organization 
o Employed by a commercial organization 
o Seeking employment with an academic organization 
o Seeking employment with a governmental organization 
o Seeking employment with a commercial organization 
o Other (please specify) 

 
4. Referring to your answer in Question 3, if you are currently employed by an academic, 
governmental, or commercial organization, was this organization involved in the ARP grant? (If 
this doesn’t apply to you, click “Not Applicable.” 
 

o Yes 
o No 
o Not Applicable 
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5. At the time you were considering graduate programs, were you a resident of Texas? 
 

o Yes 
o No 

 
6. We list several factors that you may have considered when you chose a graduate program at a 
public university in Texas. Using the scale we provide, please tell us how important each of these 
factors was in making your choice of universities. 
 

1  2  3  4  5 
 

My significant other 
(spouse, girlfriend, 
boyfriend) was 
at the university, °  °  °  °  ° 
nearby, or was 
planning to move 
there soon.     
My family was 
in Texas.  °  °  °  °  ° 
I was attracted 
by other, 
non-academic  
reasons such as °  °  °  °  ° 
weather, lifestyle, 
etc.   
I wanted to work 
with a particular  
professor at the °  °  °  °  ° 
university.   
This university 
was well known  
for the area of  °  °  °  °  ° 
research in which 
I wanted to study.  
 

  1. - A factor that I completely ignored while making my overall decision 
2. - A factor I considered, but that did not impact my overall decision 
3. - A factor that definitely had some impact in my overall decision 
4. - An important factor in my overall decision 
5. - The most important factor in my overall decision 
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7. We list additional factors that you may have considered when you chose a graduate program at 
a public university in Texas. Using the scale we provide, please tell us how important each of 
these factors was in making your choice of universities. 
 

1  2  3  4  5 
 

This university 
offered me  °  °  °  °  ° 
substantial   
financial assistance.     
I thought I would  
be better able to  
obtain employment  
if I attended this  
university because  °  °  °  °  ° 
potential employers  
(related to my area 
of study) were 
located nearby.    
I am from Texas 
and wanted to  
remain in Texas  °  °  °  °  ° 
while obtaining  
my graduate degree.   
I am from Texas  
and wanted to  
remain in Texas  °  °  °  °  ° 
after obtaining my  
graduate degree.   
The university I  
selected was the   
best combination  °  °  °  °  ° 
of multiple factors.  
 

  1. - A factor that I completely ignored while making my overall decision 
2. - A factor I considered, but that did not impact my overall decision 
3. - A factor that definitely had some impact in my overall decision 
4. - An important factor in my overall decision 
5. - The most important factor in my overall decision  

 
8. Of all the factors that you considered when you chose a graduate program, which was most 
important? 
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9. This question asks for your views about your ARP experience. Please indicate if you agree or 
disagree with the following statements. 
 
Strongly Agree         Neutral       Strongly Disagree  Don’t know 

 
a) I viewed my ARP project work as on-the-job/practical training. 
 

 °        °             °          °                          °                      °  
b) I viewed my ARP project work primarily as an educational experience. 
 
 °        °             °          °                          °                      ° 
c) The research experience gained by working on the ARP project was more important to 

me than most of my classroom education.  
  
 °        °             °          °                          °                      ° 
d) My ARP project experience greatly enhanced my learning and overall education. 
 
 °        °             °          °                          °                      ° 
e) My ARP work experience made me a more attractive hire to potential employers. 
 
 °        °             °          °                          °                      ° 
f) I am currently employed in a field or area that I would not have chosen were it not for my 

participation in my ARP project. 
 
 °        °             °          °                          °                      ° 

 
10. Can you reasonably estimate the increase in your value to employers because of your ARP 
project experience? (If your answer is no, you will proceed to question 13.) 
 

o Yes 
o No 

 
11. If you are able to reasonably estimate the increase in your value to employers because of 
your ARP project experience, please provide the approximate amount, in dollars per year. 
 
12. If you are able to estimate your increased value to your employer, please specify how long 
you think a higher salary will continue. If not applicable, please leave blank and go to the next 
question. 
 

o Throughout my career (~ 40 years) 
o Half my career (~ 20 year) 
o 10 years 
o 3-5 years 
o 2-3 years 
o 1 year 
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13. Did you remain in the state of Texas after you completed your graduate degree? (If your 
answer is no, you will proceed to question 17.) 

o Yes 
o No 

 
14. We list several factors that you may have considered when you chose to remain in Texas 
after completing your graduate program. Using the scale provided, please tell us how important 
each of these factors was in making your decision. 
 

1  2  3  4  5 
 

My significant  
other (spouse,  
girlfriend,  
boyfriend) was in  °  °  °  °  ° 
Texas or was  
planning to move  
there soon.     
My family was in  
Texas, and I   °  °  °  °  ° 
wanted to be  
near them.    
I was from Texas  
and did not want  °  °  °  °  ° 
to leave the state   
Texas has a  
lower cost of living  °  °  °  °  ° 
than other states.   
I was attracted by  
other, non-academic  °  °  °  °  ° 
reasons such as  
weather, lifestyle, etc.  
 

  1. - A factor that I completely ignored while making my overall decision 
2. - A factor I considered, but that did not impact my overall decision 
3. - A factor that definitely had some impact in my overall decision 
4. - An important factor in my overall decision 
5. - The most important factor in my overall decision 
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15. We list additional factors that you may have considered when you chose to remain in Texas 
after completing your graduate program. Using the scale provided, please tell us how important 
each of these factors was in making your decision. 
 

1  2  3  4  5 
 

Most companies  
that recruited at   
my university were  °  °  °  °  ° 
Texas companies.     
Some of the best  
companies in my   
chosen field were  °  °  °  °  ° 
located in Texas.    
I wanted to  
continue to work  
with either the  
professor or ARP  
industrial partner  °  °  °  °  ° 
with which I  
worked while I was  
a student. 
I was going to  
the employer who  °  °  °  °  ° 
hired me, regardless  
of its location 
   

  1. - A factor that I completely ignored while making my overall decision 
2. - A factor I considered, but that did not impact my overall decision 
3. - A factor that definitely had some impact in my overall decision 
4. - An important factor in my overall decision 
5. - The most important factor in my overall decision 

 
16. Please use this space to clarify your responses to Questions 14 and 15 or to identify other 
important reasons why you chose to remain in Texas. 
 
17. Is your current work related to the same field as your ARP project? 
 

o Yes 
o No 
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18. Please cite any marketable skills or competencies that you acquired as a direct result of your 
work on your ARP project. 
 

a) 
b) 
c) 
d) 

 
19. Please use the space below to share any information, either positive or negative, about your 
ARP project experience.



ARP Impact Assessment 
 

208  

[This page is intentionally left blank.] 



Appendix D: Letters/E-mails to Student ARP Participants 
 

 209

Appendix D: Letters/E-mails to Student ARP Participants 
 
E-mail 1: Initial Introduction and Request for Survey Participation 
Date: January 19, 2006 
 
From: ARP@icc.utexas.edu 
Subject: Student Survey of the Texas ARP Program 
 
 
Dear Mr./Ms. [LastName], 
   
We have been informed that as a student you participated in one or more research projects 
funded by the Advanced Research Program (ARP). These grants were administered by the State 
of Texas Higher Education Coordinating Board. The Coordinating Board currently is supporting 
an independent assessment of the outcomes from ARP projects to share with policymakers. Such 
information will be one factor in determining the future of the ARP program.   
 
Your response to this survey will be an important component of the assessment, and completing 
it will only take about 10 minutes. Your answers will be held in complete confidence, all 
responses will be aggregated, and no responses will be attributed to individuals.  
 
If you have any questions about completing the survey, please contact Dr. Bruce Kellison via e-
mail at bruce@icc.utexas.edu or by phone at (512) 475-7813.  
 
To complete the survey, please click on the following link: [SurveyLink] 
 
We would like to have all surveys completed by March 21, 2006. Your timely response will help 
ensure that ARP achievements and benefits are documented.   
 
Thank you in advance for your assistance and cooperation. 
 
 
Dr. Linda N. Domelsmith 
Director of Research and Workforce Grant Programs 
Texas Higher Education Coordinating Board 
 
  
We are required by anti-spam regulation to include the link that appears below.  Clicking the link 
will prevent you from taking the survey but will NOT remove you from our survey mailing list.  
Please call Dr. Kellison of the assessment study staff at 512-475-7813 with any questions about 
the survey, spam, or the mailing list before clicking the link. [RemoveLink] 
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E-mail 2: Follow-up e-mail to non-respondents 
Date: March 28, 2006 
 
From: ARP@icc.utexas.edu 
Subject: Student Survey of the Texas ARP Program 
 
Dear Mr./Ms. [LastName], 
 
Several weeks ago you were contacted regarding a short survey regarding your participation as a 
student on a project funded by the State of Texas' Advanced Research Program (ARP).  
According to our records, we have yet to receive any information from you. We kindly request 
that you complete the web-based survey before April 15th. 
 
The survey is available at: [SurveyLink] 
 
The survey should only take you about 10-15 minutes, and your participation will ensure that the 
ARP's benefits to students will be accurately documented. Additionally, your timely response 
will ensure that we do not bother you with further e-mails in the coming weeks. 
 
Thank you in advance for your participation. 
  
 
James E. Jarrett, Ph.D. 
Principal Investigator 
IC² Institute & McCombs School of Business 
The University of Texas at Austin 
 
 
We are required by anti-spam regulation to include the link that appears below.  Clicking the link 
will prevent you from taking the survey but will NOT remove you from our survey mailing list.  
Please call Dr. Kellison of the assessment study staff at 512-475-7813 with any questions about 
the survey, spam, or the mailing list before clicking the link. 
[RemoveLink] 
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E-mail 3: Final reminder e-mail to non-responders 
Date: April 24, 2006 
 
From: ARP@icc.utexas.edu 
Subject: Friendly Reminder: Please Complete ARP Survey 
 
Dear Mr./Ms. [LastName]: 
 
On two previous occasions in the last several weeks you were asked to complete a short survey 
about a project you worked on as a student which was funded by the Advanced Research 
Program. We have yet to receive any information regarding experience with this project. Would 
you please complete the short web-based survey before May 5th? 
 
We understand that you may have worked on this project many years ago. If you are not able to 
easily recall or find the data we are requesting, please list your best estimate or leave the field 
blank for this information. The survey should only take you 10-15 minutes, and we do not expect 
you to spend any more time than that searching for old documents to list precise numbers. If we 
need to clarify any item with you later, we will be contact you directly about that specific item. 
 
To connect to the survey, use the following link: [SurveyLink] 
 
If you have any problems with the Web site, we can provide you a copy of the survey via e-mail. 
Your feedback is essential to our assessment and will ensure that the outcomes of ARP projects 
and their benefits to students are accurately represented to policy makers as future funding 
decisions are made.  
 
Thank you in advance for your participation. 
 
Sincerely, 
 
Dr. Linda N. Domelsmith 
Director of Research and Workforce Grant Programs 
Texas Higher Education Coordinating Board 
 
 
We are required by anti-spam regulation to include the link that appears below.  Clicking the link 
will prevent you from taking the survey but will NOT remove you from our survey mailing list.  
Please call Dr. Kellison of the assessment study staff at 512-475-7813 with any questions about 
the survey, spam, or the mailing list before clicking the link. 
[RemoveLink] 
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Appendix E: Students’ Free Responses 
 
Of all the factors that you considered when you chose a graduate program, which was most 
important?106  

 
• Financial assistance (25) 
• The department had a wide range of active research topics to choose from and try out 
• The university I selected was the best combination of multiple factors (17) 
• Ability to get an assistance-ship, out-of-state tuition waived, and health insurance 
• I wanted to work with a particular professor. (27) 
• Working with world renowned experts 
• The scientific project I worked on 
• Faculty (10) 
• The opportunity to do research in my field of interest (14) 
• Quality research project under a top ranked professor at a top ranked university 
• Reputation of the program and its faculty (37) 
• Low tuition 
• It was the only program to which I was offered admission. (2) 
• The reputation of the research department; quality of professors and research 
• Graduate student fellowship 
• Overall quality of the program, faculty/student ratio, quality of research programs 
• The location (4) 
• Cost of living 
• Tuition expenses 
• Departmental atmosphere and the spirit of multidisciplinary collaboration 
• Research grant 
• Scientific environment and advisor 
• I looked for the best possible school for what I wanted to study and that I could afford. 
• The decision was really based mostly on staying in Texas and returning to school as 

quickly as possible. 
• Good programs and a breadth of programs in case I changed my mind 
• The research that I would be doing was only offered at University A 
• Being from the liberal North, I viewed University A as the closest thing to a cultural 

exchange program without leaving the continental U.S.  
• Climate 
• Excellence in area of research (3) 
• Wanting to get my degree in Texas and to stay in Texas after I obtained my PhD. (2) 
• I'm an Aggie. 

                                                 
106 Names of specific universities, graduate programs, principal investigators, grant programs, and cities have been 
masked to preserve anonymity. Responses have been coded and categories with numbers indicate the number of 
students who provided that answer. Other items in quotation marks are direct quotations. 
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Please use this space to clarify your responses to Questions 15 and 16 or to identify other 
important reasons why you chose to remain in Texas.107  
 

• My later research training allowed me to be of specific use to research work in the 
advanced semiconductor development. This research provided me the opportunity to 
enhance my reputation as a world-class researcher in my area but in an environment that 
promoted advanced and novel research. Without these opportunities, these types of jobs 
would have gone elsewhere to other states or even other countries. That Texas, at the 
time, had strong company commitments to do R&D in Texas was an important factor; 
however, that environment has changed substantially in recent years due to economic 
factors that include the recent economic downturn in Texas-based technologies. That 
Texas has retreated somewhat from supporting advanced research due to understandably 
tight budgets does not have good consequences for advanced technology in Texas 
overall. There are some bright spots, such as work in City A to support the new 
University A campus, but the trends in research frontiers must remain aggressive but very 
well-managed.   

• Without it, Texas and also the rest of the country will be supplanted in the development 
of new scientific and technological advances by other nations. That will be a most 
profoundly disturbing trend that would not be easily rectified. 

• My husband works in Houston. Houston is a city where I can do science in one of the 
best known academic organizations. 

• Most companies know that people will like to stay close to home, so the majority of 
companies recruiting in Texas were located in Texas. That fact also made it easy to 
interview with these Texas-based companies. Also, I had friends in all the major Texas 
cities, so employment with a Texas company meant that I would move to a town where I 
had friends. I did not seriously consider employment opportunities out of the state. 

• Immediate job with my advisor as a post-doc followed by a job with Company A, a 
startup company at Houston. 

• I was hired by a Texas employer. 
• Finding employment anywhere within my particular field of expertise proved 

exceedingly difficult after graduation. As the last item in 16 mentions, I went with 
whichever employer would hire me for a reasonable salary. 

• The best companies in my chosen field were located in Texas. 
• My family is in Texas. 
• Some of the best companies in my chosen field were located in Texas. 
• Family considerations were the final deciding factor in choosing where to live. We 

compared the job opportunities both of us had in 5 different locations and ultimately 
decided to stay in Texas as being the best compromise for both of us. In the end, I ended 
up with positions which allowed me to live in Texas but work part time in other 
locations. 

• I was employed doing research while I searched for other employment. 

                                                 
107 Names of specific universities, graduate programs, principal investigators, grant programs, and cities have been 
masked to preserve anonymity. Except for those changes, all items are direct quotations. 
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• Took a job in management consulting that required a fair amount of travel; wanted my 
spouse to be near her family during that time. 

• The ARP professor who sponsored me was also a collaborator and sponsor in other 
projects. I stayed primarily to work on those, though my employment was through the lab 
at which the ARP work was done. Their familiarity with me probably mattered. 

• I wanted to have more research experience in computational physics and wanted to work 
with Professor A of University A’s physics department and Professor B of University A’s 
math department. I think this is the most important factor which influenced my decision 
to stay in Texas.   

• Austin has many high tech job opportunities. With the ARP experience, I was able to be a 
good candidate for these jobs.  My husband is a native Texan and was pleased by the 
availability of high tech jobs. (He is an EE.) He also wanted to stay in Texas. 

• My children were born during my time as a graduate student. I wanted to stay in Texas 
for them as well as for my family. 

• My spouse had a job at a University A [out-of-state], and I wanted to be as close as 
possible to him, yet also be at a PhD-granting academic institution. University B [in 
Texas] met those criteria. 

• I got a postdoctoral research associate offer from my advisor. 
• The availability of specialized medical care was an important factor in my decision to 

remain in Texas immediately following graduation. 
• I prefer not moving to moving, so I looked for employment locally first.  
• Staying at school to continue working with the same faculty advisor 
• I am still currently enrolled as a graduate student, so most of the questions are not 

currently applicable. I answered #16 based on what I expect to do when I am finished in 
approximately one year's time. 

• I chose to stay in Texas simply because it currently has the most interesting ongoing 
research in my field. 

• The company which can give me a better offer and living environment 
• I haven't graduated yet, so I'm still here.  When I graduate I'll go someplace that has the 

jobs and acceptable weather and cost of living. 
• I wanted to continue to work with the professor with which I worked while I was a 

student. 
• Stay with my family 
• Low living expenses 
• The company that offered me a position was the university I graduated from. 
• For the first year after graduation I worked for my ARP mentor [at University A], then 

worked at University B [outside Texas] for two years (since an away assignment is 
expected and practically required in my profession) before returning to University A 
because Texas clearly offers better opportunities. 

• I am still a student in a different program. However, this program does not involve 
research. It is a clinical program. 

• I was attracted by my current employer who has had a research center in Texas. 
Unfortunately this is soon going to be relocated to California. I am moving with my 
employer out of Texas. 
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• The job that I was offered was financially rewarding with no need to relocate. 
• I went to law school at University A after graduate school and so remained in City A for 

that. I stayed in City A after law school because I like it here and want to live in this area. 
I would have preferred to stay in Texas anyway because I grew up here and like it and 
because I am now a licensed attorney in Texas. 

 
 
Please cite any marketable skills or competencies that you acquired as a direct result of 
your work on your ARP project.108 
 

• 3D data processing 
• A better understanding of the Pharmaceutical R&D 
• A knowledge of cyanide remediation strategies. 
• A PhD 
• A working knowledge of Gram + organisms and molecular biology relating to them 
• Ability to contribute more substantially in the field of Analytical Chemistry 
• Ability to independently research 
• Ability to work as a team 
• Acquisition techniques/understanding 
• Advanced computer programming skills 
• Advanced knowledge of physical chemistry 
• Advanced laser and optical skills 
• Advanced mathematics, programming, and scientific analysis. 
• Analysis experience 
• Analytical ability 
• Analytical chemistry skills 
• Analytical skills (2) 
• Anatomical skills dissection and surgery 
• Antenna feed analysis 
• Antenna performance characterization 
• Application of theory 
• Artificial intelligence 
• Basic optical laboratory skills 
• Bench technique 
• Better knowledge of the influence of transition metals on catalytic activity 
• Better understanding of field work 
• Better understanding of structural design 
• Biochemical skills, radioimmunoassay, and protein analysis 
• Biochemistry 
• Bone analysis 
• Broad training in plant pathology 

                                                 
108 Responses have been coded and categories with numbers indicate the number of students who provided that 
answer. Except for combining identical responses, all items are direct quotations. 
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• Broader knowledge of the behavior of species containing metal-metal bonds 
• Cell biology skills (tissue culture) and histology 
• CGI/Perl 
• Chemical synthesis 
• Clinical experience with an underserved population 
• Clinical research 
• Collaborating with peers in my field 
• Communication (3) 
• Competitiveness 
• Competency in using various analytical tools and statistical software 
• Composite mechanics 
• Computational skill 
• Computer programming (4) 
• Computer skills (3) 
• Computers, vacuum 
• Connections to the research community 
• Creative approach to problem solving 
• Creative thinking 
• Critical scientific thinking with regards to astronomy 
• Critical thinking (3) 
• Data acquisition 
• Data analysis (8) 
• Data management 
• Database and websphere 
• Deep submicron device design 
• Delivering the end product 
• Delivery of parent training intervention 
• Design and assembly 
• Developed strong work ethic 
• Distributed systems 
• DLS 
• Do physics analyses on real data 
• Do some numerical experiments (in Number Theory) 
• Electrical measurement 
• Electrochemistry 
• Electronic circuit design 
• Electronics 
• Electrophysiology 
• Engineering analysis 
• Enhanced project execution abilities 
• Enhanced trouble shooting abilities 
• Excavation techniques 
• Excelling in project work 
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• Experience in plasma systems 
• Experience in science 
• Experience with computational aspects of protein structure determination 
• Experience with computer and other equipment 
• Experience with inverse problems 
• Experimental automation 
• Experimental design (2) 
• Experimental mechanics 
• Experimental physics skills 
• Experimental skills (3) 
• Fabrication process 
• Field experience (2) 
• Field experiment design 
• Field work 
• Finite element method simulation 
• First author of article on the work on the ARP project and co-author of another 
• First author of presentation at national meeting 
• Fish collection 
• Forward error correction 
• Forward thinking, planning, and actions. 
• Friction analysis 
• Friction measurement 
• Fundamental science knowledge 
• Gene expression mapping 
• General experience conducting research 
• General incorporation of technology commercialization and market resources into 

research 
• General skills in preparing and analyzing organometallic complexes 
• Genetic engineering 
• Genetics 
• Genomics technology 
• Geochemical analyses 
• Geochemistry 
• Grant and research report writing 
• Grant writing 
• Greater familiarity with radioactive transfer processes 
• HACCP certified trainer 
• Hardware experience 
• Have troubleshooting abilities 
• High speed electronics 
• High-k dielectric evaluation 
• Human network 
• I became a tenure track assistant professor 
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• I generated federal funds from agencies such as NIH and HUD 
• I generated funds from local funding agencies 
• Immunocytochemistry 
• Independent research skills 
• Information visualization 
• Infrared instrumentation 
• Instrumentation training 
• Integrate different data sets 
• Intellectual thinking 
• International experience 
• Interpersonal relationships with others 
• Instrumentation skills 
• Ion trap 
• Java development 
• Java servlets 
• Knowledge 
• Knowledge in DNA sequencing 
• Knowledge in membrane applications 
• Knowledge of applied mathematics 
• Knowledge of research methodology 
• Knowledge of several fields (molecular biology, microbiology, RNA work) 
• Lab and instrumentation skills 
• Lab setup 
• Lab techniques 
• Laboratory research transferred to clinical applications 
• Labview software 
• Language skills in English 
• Laser repair and operation 
• Leadership (2) 
• Lean Production System certification 
• Learn about hardware design 
• Learn about hardware development 
• Learn to make web pages 
• Learn to write computer programs 
• Learned various scientific software 
• Linux system 
• Linux/Unix system administration 
• Literature surveying 
• Lithic analysis 
• Made me a better team-work player 
• Manufacturing knowledge (2) 
• Mass spectrometer 
• Material analysis (2) 
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• Materials characterization with electron microprobe, XRD etc 
• Mechanistic organic chemistry knowledge 
• Medical image processing 
• Medicinal chemistry 
• Microarrays 
• Microbiology 
• Microscopy 
• Molecular biology (4) 
• Molecular biology techniques 
• Molecular modeling 
• Motivation 
• MySQL and postgres databases 
• Networking skills 
• Neurochemical skills in anterograde fast axonal transport 
• Non-isothermal stress analysis 
• Nonlinear dynamics analysis 
• Numerical modeling skills (2) 
• Operating systems 
• Optical imaging 
• Optical spectroscopy 
• Optics 
• Optics experimentation 
• Organization (3) 
• Organizing undergraduates to help with research 
• Overall knowledge base 
• Particle detector designing and construction 
• Pattern recognition 
• People management 
• Photoshop et al proficiency 
• Polymer characterization 
• Polymer properties 
• Practical and theoretical exposure and proficiency in the field 
• Practical application of class room knowledge 
• Presentation of complex concepts 
• Presentation skills (7) 
• Problem solving skills (4) 
• Procurement 
• Professional writing 
• Programming (4) 
• Programming in C++ and Perl / Bioperl 
• Programming skill for computation 
• Project management (4) 
• Project planning 
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• Protein purification 
• Public speaking 
• Publications (2) 
• Published paper in a famous journal 
• Quality expert license 
• Reliability 
• Reliability field of study 
• Report writing (2) 
• Reputation in the field 
• Research experience(12) 
• Research in dry eye 
• Research skills (6) 
• Research writing skills 
• Running and interpreting Raman spectroscopy 
• Sample collection and handling 
• Science writing experience 
• Scientific reasoning 
• Scientific method 
• Scientific presentation 
• Scientific programming 
• Scientific Publications 
• Scientific research 
• Scientific techniques acquired 
• Scientific thinking 
• Scientific writing (2) 
• SEM 
• Semiconductor device fabrication 
• Semiconductor process 
• Scientific writing 
• Skill in advanced molecular biology 
• Skill in genomics research 
• Skill in plant molecular genetics 
• Skills in nanoscience 
• Soft lithography 
• Software 
• Software and hardware computer interfacing 
• Solid scientific understanding 
• Solid state physics 
• Some understanding of water chemistry, particularly regarding proton transport 
• Spatial Analysis 
• Spectroscopic data analysis 
• Spectroscopy 
• Statistical skills 
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• Statistical techniques 
• Statistical theory and methodology 
• Statistical/data analysis 
• Statistics 
• Stochastic mechanics 
• Strong documentation and communication skills 
• Structural geology competency 
• Structure-function relationship 
• Supervision of researchers 
• Survey research 
• Synthesis 
• Synthesizing nanomaterials 
• Synthetic organic chemistry 
• Team work (2) 
• Team/leadership/management skills 
• Team-based work ethic 
• Technical competency in quality control 
• Technical expertise in a number of molecular biology techniques 
• Technical knowledge 
• Technical skills in machining and design. 
• TEM 
• The ability to do high-quality research in my field 
• Theoretical background on structural bioinformatics 
• Theoretical knowledge 
• Therapeutic knowledge of breast cancer 
• Thermal protection 
• Thermolyne heating tapes use 
• Thin film material characterization in microelectronics application 
• Time management 
• Tissue culture 
• Trained in biochemistry 
• Trained in molecular biology 
• Training experience 
• Understanding of catalysis 
• Understanding of how to market ideas/technologies 
• Understanding of physics of thermal radiation heat transfer 
• Understanding of polyacrylic acid 
• Understanding of surface science 
• Understanding the real issues in the local community 
• Unix system 
• Use HPLC instrument 
• Use NMR instrument 
• Vacuum 
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• Video coding 
• Virology 
• Western blot 
• Wind engineering 
• Wind tunnel experience 
• Work with large data sets 
• Working on great research problems 
• Writing academic papers 
• Writing publications to support research 
• Writing skills (5) 
• Writing up research for presentation and publication 
• X-ray crystallography 
 
 

Please use the space below to share any information, either positive or negative, about your 
ARP project experience.109   
 

• It was very exciting experience in my school years and I could improve my skill and 
knowledge as well.  

• Research support was extremely positive. If it were to be lost or decreased for succeeding 
students and post-doctoral researchers, then the consequences to Texas as a preeminent 
location in the U.S. for science and technology would be highly negative. It is a 
competitive world, and investment in our future, as embodied by fundamental and 
technological R&D is key to long-term success. This does not necessarily mean that a 
given project will yield immediate benefits. In fact, it is really the process by which 
students learn and grow from it that is most important. Individual research topics come 
and go, but the critical and imaginative thinking processes that allow individuals to thrive 
and advance knowledge will be a major engine of future economic prosperity. 

• It was a great experience for me to work on an ARP project in terms of my future career. 
I would like to thank you for this opportunity. 

• The vast amount of knowledge I learned in graduate school came from my ARP project, 
not the classes I took. The project prepared me for the workplace. It gave me 
opportunities to combine all the skills I had learned and put them to use in a multi-person, 
2 year project. The lessons learned in terms of project management, leadership, and group 
skills were the most important, and cannot be taught in a classroom. 

• I cannot pinpoint any specific skills that I gained when working in an ARP project but it 
must be understood that the project was related to my academic work and improved my 
academic experience. It was an invaluable complement to my education. 

• Gained a lot of design and development background which is admired in the software 
industry 

• It was great and I feel very lucky to have had this opportunity. 
• Great experience, well-funded 

                                                 
109 Names of specific universities, graduate programs, principal investigators, grant programs, and cities have been 
masked to preserve anonymity. Except for those changes, all items are direct quotations. 
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• It was highly valuable toward my education and productivity of the lab that I am working 
with. 

• Positive: short term grants with specific objective, limited to Texas, funding for graduate 
students. Negative: number of grants and absence of grant continuation. 

• It was a learning experience for me. 
• Working on the project allowed me to study deeper and obtain an important result 

regarding a very important problem in computational complexity. 
• The funding I received from the ARP project allowed me to spend time working with 

equipment at Los Alamos National Labs. I was nearing completion of my thesis and 
needed some additional spectroscopic data unavailable at University A. The results of the 
work at the national lab allowed me to complete a chapter in my dissertation and 
provided my advisor with valuable knowledge applicable to his field of study. All in all, 
the ARP project was beneficial in a number of ways, although the information and 
experience gained may not have been directly applicable to my current line of work. 

• It is great to work with ARP 
• The research experience I had has proven to be a good solid foundation that I still refer to 

10-15 years later. 
• This is a critical component of my doctoral degree program. 
• With participating in an ARP project, I can easily achieve higher education level of study, 

skills, and publications. It effects very positive results.  
• This project was core to my dissertation, which is germane to my entire career. Funding 

for this work, whether it translates into dollars or not, is essential if Texas, and the U.S. is 
to remain a leader in agriculture. 

• ARP project is definitely adding value to the participating universities. 
• It provided a good training.  
• I am grateful for the experience that helped me build a career at a company that will 

benefit thousands of women with breast cancer. 
• It was a good experience.  
• The ARP program is good. The project on which I worked was not particularly exciting 

or well-motivated, but that is partly a reflection of scientific work at a navy-supported 
research lab. Their applied programs tend to be well chosen, but their scientific programs 
vary widely. This was not one of the better ones, and I was probably not one of the better 
applicants (though to my knowledge they have kept the program alive to this day). 

• In addition to the comments on 17, part of the problems faced in the program was the 
nature of the project. Unfortunately, college professors do not understand hardware 
development, so in retrospect, the program was not appropriate for a university. On the 
other hand, it may have been difficult to acquire funding outside a university from a non-
university avenue. Please note that from my work I earned a prestigious award from the 
Society of Automotive Engineers (SAE).  We also applied to the Grant Program A, but 
we had no luck for reasons I do not fully understand. 

• Financial assistance from ARP was a very crucial factor as my advisor provided me 
financial support as a graduate research assistant from this grant. So it was very much 
beneficial to me to have ARP as a potential granting agency. 
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• My ARP was used for my RA. Unfortunately, I could not use this program since my 
adviser and I moved to the other state (I was still a student of University A even after 
moving). It was a long time ago, so my memory may be incorrect. 

• ARP project has been of great importance, providing a platform to be an active part of the 
scientific community and work on solving real-life problems. It allowed me to contribute 
my skills to some of the challenges faced by society, to work with some very smart 
people, and helped finance my education. 

• Good program for supporting burgeoning physicists and engineers   
• The project provided funding needed to complete my academic career. It also allowed 

more in-depth study to be undertaken than would otherwise have been available. 
• Honestly, I was not aware that ARP was involved in my project. However, I do view my 

project as a success. Not only was I able to gain valuable knowledge and skills that made 
me more marketable to potential employers, but I made several good friends that I 
continue to stay in touch with. 

• Working as part of a cooperative team to solve complex problems helped me to develop 
tangible and intangible skill sets that are prized by my current employer in the petroleum 
industry. I used these skills to successfully execute and complete a Ph.D. at a University 
outside Texas (the ARP work was part of my Masters program at University A) and 
following completion of the doctoral degree I received many offers of employment in the 
petroleum industry.  The salaries offered were highly competitive and reflected value 
placed on the team-work, communication, and independent research skills I had acquired 
as a result of my ARP experience. As a consequence, I also returned to employment in 
Texas (Houston), although I am currently on international assignment in our Australia 
office. 

• The experience was invaluable for learning skills needed as an academic and for 
providing the opportunities to publish with a faculty member, which enhanced my 
prospects in the academic job market. 

• The ARP helped me acquire several skills/competencies, such as data/statistical analysis, 
survey research, and supervision/leadership experience. 

• My participation in the ARP project provided a strong point on my resume as a guarantee 
for potential employers. Being employed as a research assistant for this project helped me 
better to understand the duties and responsibilities of a researcher. It would be great if the 
ARP program continues to offer for the new graduate students the same opportunities as I 
was offered while working on the project. As I found out later, the ARP program 
continued to offer great employment opportunities for me even after the completion of 
the project, by making me a better candidate for employers. 

• The work done during the time I was funded by Professor A’s ARP grant laid the 
foundations for my doctoral thesis. Thanks to the funding provided by TARP I was able 
to advance my research and develop working relationships with Prof. A and other faculty 
members in my graduate program. The support provided by TARP was crucial in helping 
me become an active participant in the academic life at the Mathematics Department of 
University A.  

• My ARP project experience was an extremely important part of my graduate education, 
particularly in terms of learning to conduct and report research. 
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• The ARP project enabled me to work more intensely on my dissertation research than I 
would have otherwise been able. It was very valuable in the completion of my degree 
work. 

• The ARP projects provide the opportunity for students to get the practical experience on 
the advanced research projects and financial assistance. The ARP project helped and 
encouraged students to carry out their higher education program.  I myself am grateful to 
the ARP projects. 

• Positive impact to my career. Texas can provide me opportunity, I would rather stay at 
Texas. 

• It was good experience to work on new field such as SMA(Shape Memory Alloy). 
During ARP project, I learned a lot about experiments and engineering designs. 

• Extremely valuable - as a project coordinator I was involved in all steps of the research 
from planning to execution to follow-up and publication. I have several publications on 
my vita that came from this research. My in-depth hands-on experience on this research 
project made me competitive for my current job as a university professor in psychology. 

• The ARP project enabled me to gain experience in the field of molecular pharmacology 
research. It also exposed me to various aspects of working in an academic setting. 
Overall, I consider my work on the ARP project an invaluable learning experience 

• Overall, the experience was very beneficial. I put in a lot of work and have in turn gained 
a better understanding of designing and collecting the data that we use to better 
understand the earth. 

• My research was support by multiple sources. I don't know which part was specifically 
provided by ARP.  

• Learn much on interaction with laboratory, people and the industry. 
• I found my ARP experience pretty positive since it was my first experience working with 

my advisor in some mathematical problems.  Also while working I learned a lot of new 
things that I wouldn't have learned if teaching. 

• My ARP project experience was a significant part of my practical learning and was very 
valuable to my development. 

• The type of learning experience from such a project is highly affected by the 
advisor/professor's ability to give the right amount of responsibility to the student.  I had 
one of the best teachers who was not only an expert in the field, he deeply cared about his 
students and their learning.  

• My participation with ARP project is one of the most valuable experiences I had in my 
graduate program. I strongly recommend the continuation of such programs in public 
universities.  

• The ARP project that I participated in helped to launch me in my current career. With 
that grant, I was able to establish myself as a productive member in my discipline. This is 
an area of research in which I am still working. I am now a full professor and chair of my 
department at another large state university. 

• Funding from the ARP project allowed me to focus my full attention on the science of my 
dissertation, and I could not have graduated in a timely manner without it. Furthermore, it 
allowed me the time to develop some of the important software tools in regular use by the 
American astronomical community. I feel very strongly that it has had a positive impact 
well beyond my graduate school career. 
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• ARP project experience is positive.  
• 1. Encouragement and tutoring from my advisor, a very knowledgeable expert in all of 

the areas in item 19, guaranteed my current better career; 2. The ARP projects I was 
involved with provided the opportunity for me to learn and practice what I learned from 
my advisor. Thanks for the sponsors of the ARP projects. 3. The ARP projects, large or 
small, can help students like me in learning and research, and can also help society. I am 
working as a CT systems and image quality engineer with GE Healthcare. I am applying 
what I have learned from University A to my work. I am confident that we will produce 
more and better CT systems to help diagnosis and prolong people's lives. 

• The freedom afforded by the support of the ARP accelerated my research progress 
significantly. Two of my mathematical papers were the direct result of this funding. 

•     I had a good experience with the ARP-supported projects during my overall graduate  
      career. It provided financial support for my mentor and me to pursue the work we 

deemed important. As a result of having the support, we were able to make scientific 
progress and publish our ARP-supported work in peer-reviewed journals. I also obtained 
writing and communicating skills, in addition to the direct scientific/research experience, 
as we presented our work at different venues. Overall, it was a nice experience being 
involved in the ARP-supported projects. 

• It was a good support for research toward getting my graduate degree. 
• The experience was useful since it allowed me to make contact with other people in my 

field. Moreover, at the time that I participated, the research that came out of the grant 
taught me how mathematics research is done and presented. 

• Thanks for the support! 
• Overall good 
• I received formal training from research work closely related with my ARP project. 
• I liked all my experiences that I gained through my project. 
• Important program to fund research assistant positions, thus increasing the exposure to 

hands on research in the physical sciences. This research experience for students is a key 
to their future success in the work place. ARP funding helps to keep MS and PhD 
projects for students alive and provides funding for the successful completion of projects. 
This overall is extremely important to the success of graduate programs at universities in 
Texas. 

• My ARP project was part of the best experience of my life. 
• Positive. 
• My professors, A and B, are excellent. They know how to train the students for the 

future, like technical skills, how to study, and so on. 
• I enjoyed being part of an ongoing research project with an identifiable goal.  Since this 

was a multiyear project, I was able to build on the research of previous students in my 
work. 
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“Science knows no country, because knowledge belongs to humanity, and is the 
torch which illuminates the world.  Science is the highest personification of the 
nation because that nation will remain the first which carries the furthest the works 
of thought and intelligence.”   
 
 Louis Pasteur   
 Pasteur and Modern Science, by René Dubos, Doubleday, 1960.  
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