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LETTER FROM THE EDITOR|

Dear AAM Member,

| am writing to bring to your attention a very provoking and insightful book on the current state of affairs
a USA Universities concerning the commercialization of intellectual property. The book is entitled
“Universities in the Marketplace: The Commerciaization of Higher Education” by Derek Bok, ex-
president of Harvard University.

Y ou may remember that we published an excerpt of the book by Rosalind Williams, entitled Retooling: A
Historian Confronts Technological Change in the January-February 2003 issue of Mechanics. Williams'
book provided an excellent description of the changes in engineering education and the benefits arising
from these changes. Bok’ s book is broader in scope but equally compelling.

| believe you would agree that university life is being transformed at a very fast pace. Many technological
developments such as the Internet, wireless and instant communications are in part responsible for the
globalization of education, research, and businesses. These in turn impact academic life in a profound
way. Likewise, the potential of research and development in emerging areas such as Nano and
Biotechnology, which is forecast to have a mgor impact on society, is a main driving force for
universities to dtempt to capture part of the emerging market. However, some of the changes resulting
from these activities may have negative connotations that may be difficult to reverse. The challenge is
identifying which changes are positive and what policies need to be instituted by faculty and
administrators to resist the temptation for excessive and inappropriate commercialization of higher
education. Bok provides an excellent and well-documented perspective in this regard. His book starts by
defining the current and historical development of commercialization of higher education in the areas of
education, research, and intercollegiate sports. Subsequent chapters provide an analysis and specific
solutions based on his extensive experience and exposure to these aspects of academic life. His analysis
and ideas could be invaluable to administrators that need to deal with conflict of interest, excessive
research secrecy due to entrepreneurial activities, alocation of resources, eic. Likewise, they are very
useful to the faculty that needs to contribute to emerging technologies within the framework of policies
instituted by the federal and local governments.

In Bok’s book a strong emphasis is placed on the history of commercialization at universities driven by
intercollegiate sports and the drug industry, i.e., pharmaceutical companies. One could argue that a similar
environment for commercialization arises from the establishment of the National Nanotechnology
Initiative (NNI) of which mechanicians could play a significant role. The appetite for profit based on
discoveries from nano science and engineering are clearly visible and will certainly impact the work
experience of academicians. Essentially, different commercialization forces will be dominant in a given
period; however, the issues, concerns and challenges remain unchanged over the years.

| found Bok’'s book extremely enjoyable to read, in part because it reaffirmed my understanding and
convictions in relation to education, research and service, and in part because the book is written with
simplicity and it is based on factual information. |1 hope the chapter we publish in this issue of mechanics
will be equally appealing to you and will stimulate your desire for further reading. A review of the book,
by David Batimore, president of Caltech, is also published in thisissue.

Sincerely,

Horacio D. Espinosa, Editor
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SELECTIONSOF THE EDITOR|

UNIVERSITIESIN THE MARKETPLACE: THE
COMMERCIALIZATION OF HIGHER EDUCATION

Reprinted with permission from PRINCETON UNIVERS TY PRESS
Chapter 4, pp. 57-78, 2003, ISBN: 0-691-11412-9
By Derek Bok

Derek Bok is the 300th Anniversary University Professor and Faculty Chair of the Hauser Center for Nonprofit
Organizations at Harvard University. He was formerly President of Harvard University and Dean of the Harvard
Law School. His numerous books include The Shape of the River (Princeton, 1998, with William G. Bowen) and
The Trouble with Government (Harvard, 2001).

CHAPTER 4: SCIENTIFIC RESEARCH

John Le Carré's latest novel, The Constant Gardener, tells of the murder of a young woman in Africa and
her husband's valiant efforts to avenge her death. It soon appears that these events all grow out of a major
pharmaceutical firm's campaign to develop a new drug for combating tuberculosis.® Discovered in a
Polish laboratory, the drug looks very promising at first, raising hopes of earning hundreds of millions of
dollars. As tests on human subjects begin in Kenya and other African countries, however, problems start
to surface. There are side effects. Patients die. One of the scientists who discovered the drug has second
thoughts and threatens to go public. Frantic, the company tries to suppress the unfavorable evidence and
to buy off, intimidate, or even murder potential critics, such as the young heroine who dies trying to
expose the deadly scheme. Meanwhile, the firm contrives to have several well-known academic scientists
publish favorable reports about the drug in leading journals without disclosing that the reports were
actually written by the company itself and that the purported authors are beneficiaries of lucrative
research contracts from the very same source. A remote university in Saskatchewan is persuaded to offer
the disaffected discoverer of the drug an amply funded post where she can be watched and induced to
keep silent. When she finally speaks out, she is quickly vilified and ostracized by her university and its
affiliated hospital, which just happen to have been promised large donations by ... that's right, the
selfsame company.

Le Carré takes care to point out that his book is a work of imagination. He makes no claim that
pharmaceutical firms resort to beatings and killings to get new drugs to the market. Still, the author does
say that his account “draws on several cases, particularly in the North American continent, where highly
qualified medical researchers have dared to disagree with their pharmaceutical paymasters and suffered
vilification and persecution for their pains.”

This last remark is intriguing. Could such things really heppen? If Le Carré€'s account is not wholly
fanciful, how have corporate sponsors actually behaved, and how could universities and their professors
get caught up in such compromising ways?

EARLY FEARS

Corporations have become much more involved with university scientists since 1980. Congressional
initiatives, such as the Bayh-Dole Act, coupled with the sudden rise of the biogenetics industry, set off a
surge of corporate funding for campus-based research and a sudden growth of contacts between
professors in the life sciences and interested companies.

Although Congress may have gotten what it wanted, not everyone was pleased with the growing
role of industry in supporting academic science. Corporate money, it was said, would subordinate the
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public aims of research to private ends. Critics warned that universities would impose secrecy and censor
research findings to please company sponsors, while exploiting graduate students and corrupting
appointments and promotions procedures for commercia gain. In the words of Ledlie Glick, founder of
Genex Corporation, “Not only will commercial considerations influence decisions about thesis topics and
research proposals, but they will likely influence the employment and promotion of professors.”

Even more troubling were predictions that corporate money would cause a massive shift of
research activity from basic science to applied problems of immediate economic interest. In 1945,
Vannevar Bush, in his famous report to President Roosevelt on the future of American science, had
pointed out how much the flow of new products and medical treatments depended on a vigorous program
of basic research that only universities could provide.* Responding to this vision, the federal government
came to invest hillions of dollars every year in university labs, creating the strongest basic science
capability in the world. Suddenly, forty years after the Bush report, critics such as Martin Kenney warned
that commercialization was about to destroy the foundations of scientific progress by diverting professors
from basic research to more lucrative applied work with high market potential. As he observed at the end
of his book, Biotechnology: The University-Industrial Complex:

Perhaps the greatest irony will be experienced by U.S. industry itself. As the university is bought
and parceled out, basic science in the university will increasingly suffer. The speculative
noncommercial scholar will be at a disadvantage, and the intellectual commons so important for
producing a trained labor force and the birthplace of new ideas will be eroded and polluted.
Industry will then discover that by being congenitally unable to control itself and having no
restraints placed upon it by the public sector, it has polluted its own reservoir.®

To what extent have these dire prophecies come to pass? Certainly not to anything like the degree
that critics such as Kenney and Glick predicted. There is little evidence that professors have steered a
significant number of their graduate students into commercial research to promote their own financial
interests. Nor have there been many documented reports of universities compromising their appointments
and promotions standards to retain professors doing work of great commercia potential. Skeptics would
even be hard put to show that research priorities have shifted in any substantial way to favor applied
research a the expense of more fundamental inquiry.® The percentage of university R&D devoted to basic
research has remained fairly constant since the late 1970s. While corporate support has grown, it still
makes up less than 10 percent of all university research and hence does not significantly affect the overall
balance of priorities. If certain valuable fields of basic inquiry receive less money than they should, such
results are likely to reflect the shortsightedness of government authorities (or perhaps foundation officials)
rather than the malign influence of business.

Individual scientists have aso resisted rushing pell-mell into the arms of corporate sponsors. The
share of al life-science faculty receiving at least some research funding from industry has stayed close to
25 percent since 1985 (and less than half of those who do receive such funding obtain more than one-
quarter of their total support from business).” Comprehensive faculty surveys suggest that the percentage
of life-science professors serving as scientific advisors to companies has not gone up appreciably.® Only 7
percent of the faculty members in a 1985 survey reported owning equity in private companies, and later
fragmentary data do not indicate that the number is increasing.® It is true that faculty members with
industry support are more likely than other scientists to be influenced by commercia considerations in
choosing their research topics (35 percent v. 14 percent).!® On the other hand, such researchers publish
more than their colleagues in peer-reviewed journals and spend just as much time teaching students.*
Overall, these findings bear out the conclusion of one team of investigators that canvassed life-sciences
professors in leading universities: “there is little evidence in our survey to suggest that most life scientists
are more interested in commercial activities than in traditional scientific endeavors ... or that a new kind
of entrepreneurial scholar has taken over in universities.”*? If any tie with business proved to be a problem
for research universities, one would have thought that it would be corporate consulting by the faculty. The
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prevailing rules on most campuses actually seem to invite faculty members to consult, since professors
continue to receive their regular salaries during days spent far from the university earning extra money
advising companies. The standard rule for outside activity-only one day per week-is open to several
possible interpretations and is hard to enforce in any event, since faculty members will stoutly resist
punching time clocks or handing in weekly timesheets.

Every campus has professors who do flout the rules and constantly spend much time away from
their offices. Since cases of this kind attract attention, they can easily give the impression that most
professors endlessly gallivant about making money at the expense of their teaching and research. Studies
of the actua amount of paid consulting, however, fail to confirm this impression. Very few faculty
members regularly consult more than the permissible one day per week, and the average compensation
received by consultants in almost every field is less then one-tenth of their average academic salary.™
Those who advise corporations teach as much, take on as many committee assignments, and publish more
than colleagues who do not consult.* Contrary to what one might expect, one recent study found that life-
science faculty members in highly ranked departments who consult with industry arelesslikely than their
colleagues to be influenced by commercial considerations in choosing their research agenda.™

Apparently, then, the values that have traditionally inspired academic scientists have generally
been strong enough to withstand the desire to grow rich. University researchers are not averse to making
money on the side through consulting, and some may even decide at one point or another to work for a
company where opportunities to do good science seem particularly promising. But if they have to choose
between the kind of research they enjoy and earning large sums of money, they rarely prefer the latter. For
amost al academic scientists, the respect of colleagues and the satisfactions that come from making
important advances in knowledge continue to count above al else. In addition, it must be sad,
government funding agencies (and many corporate executives, too) understand the importance of basic
science and have no desire to damage its vitality as the essentia seedbed of future commercial
applications.

Far from worrying that university scientists will be corrupted by business, some observers believe
that active collaboration with colleagues in industry is actualy useful in stimulating basic research. As
Henry Etzkowitz has put it: “What is new in the present situation is that many academic scientists no
longer believe in the necessity of an isolated “ivory tower' to the working out of the logic of scientific
discovery.”*® This sentiment is more than a rationalization on the part of university researchers eager to
collect their consulting fees. It reflects a genuine sense that the process of scientific exploration has
become a much more collaborative process, requiring input and stimulation from a wide variety of
sources, of which some, at least, may reside in the more practical world of industrial science.!” Today,
talented scientists who are worthy collaborators are more likely than in the past to work for a company, at
least for part of their professional careers. In certain fields of work, such as the development of new
drugs, collaboration with industry is actually essential, since companies often have databases, vast
libraries of relevant compounds, sophisticated computer models, and other research materias that
university laboratories do not have and that scientists must be able to use to do their work.

As collaboration increases, giving rise to spectacular commercial successes such as Silicon Valley,
the Research Triangle, or the Austin Miracle, voices can be heard urging more aggressive efforts to
increase and improve technology transfer. Aiding business in this way is increasingly recognized as an
explicit part of the mission of research universities. Some advocates would have campus officials
acknowledge this responsibility even more strongly by counting contributions to technology transfer-
obtaining patents, starting companies, serving on scientific advisory boards as a positive factor in
appointments and promotions decisions. Others are not so sure. They worry about diverting talented
scientists from basic research and other problems that could result from becoming too closely involved in
commercia activities. This difference in outlook is far from resolved.
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Although the worst fears of critics have not materialized, the rise of corporate funding has not been
trouble-free. One of the most serious problems is increased secrecy. Firms that offer research support
naturally want to keep any commercialy valuable results from falling into a competitor's hands.
Accordingly, company officials regularly insist that information concerning the work they support be kept
in confidence while the research is going on and for along enough time thereafter to allow them to decide
whether to file for a patent. In addition, they may consider other bits of valuable information unsuitable
for patenting and treat them as permanent trade secrets instead. For example, firms often share unpatented
materials or techniques with academic colleagues only on condition that they be kept confidential
indefinitely.

Although the results of university research may eventually be made public, companies continually
press for more and more restrictions while the research they support is under way in an effort to keep any
word of new discoveries from leaking prematurely to their competitors. Many firms try to prohibit the
researchers they fund from speaking about their work at conferences. Some corporate agreements can be
interpreted to require scientists to obtain clearance before merely talking on the telephone with
colleagues. A few professors have actually declared their laboratories off-limits to colleagues and students
in their own departments. While no one can measure the impact of such restrictions with precision, the
likely effect is to inhibit scientific progress, at least to some extent, by limiting the flow of information
and ideas that investigators need in order to advance their work.'®

Surprisingly, many universities, their affiliated hospitals, and other biomedical research
organizations have not done much to keep secrecy to the minimum necessary to protect legitimate
commercial interests. In one comprehensive study, only 12 percent of these institutions had policies
specifying clear time limits on keeping discoveries secret.’® Some had no written policy at all. Others do
not rigorously enforce their own rules. As a result, company research directors report that they seldom
have difficulty obtaining as much secrecy as they want.

Survey results confirm that corporate funding has led to more secrecy than the strict necessities of
business require. Although most observers believe that one or two months after completion of the research
will give companies enough time to decide whether to seek a patent, 58 percent of corporate Sponsors in
one large study admitted to insisting regularly on delays of more than six months.® Nearly one in five
life-science professors admitted that they had delayed publication by more than six months for
commercial reasons.?! Of course, scientists may refuse to talk about their work in order to preserve their
lead over rival investigators or for other reasons having nothing to do with commercia gain.
Nevertheless, the proportion delaying publication for more than six months was substantially greater (27
percent v. 17 percent) among researchers with industry funding, and the same pattern prevailed among
faculty who refused to share research results and kept trade secrets.?> A small but significant number of
faculty members in the survey (12.5 percert) reported that they had themselves been denied access to
research results or products by university researchers during the past three years.?®

Scientists are aso concerned over the time required to obtain permission to share cell lines and
other research materials. The delays involved sometimes cause investigators to give up in disgust,
especialy when they need to borrow from several sources to proceed with their research. Companies, too,
are up in arms. According to a report from a working group to the Director of the National Institutes of
Hedth, “virtually every firm that we spoke with believed that restricted access to research tools is
impeding the rapid advance of research and that the problem is getting worse.”* Ironically, universities
were accused of being among the worst offenders. “Over and over again, firms complained to us that
universities ‘wear the mortarboard’” when they seek access to [research] tools developed by others, yet
they impose the same sorts of restrictions when they enter into agreements to give firms access to their
own tools."?®

Apparently, universities often hold up requests for materials in an effort to obtain a dice of any
revenue that grows out of the companies research. When they share with universities, companies, for
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their part, insist on safeguards to keep their materias out of the hands of researchers under contract to
rival firms. The net result is afar cry from the ideal community of scholars, freely sharing their ideas and
materials in a common quest for greater knowledge and understanding.

CONFLICTS OF INTEREST

Conflicts of interest in science arise in “situations in which financial or other personal considerations may
compromise, or have the appearance of compromising, an investigator's professional judgment in
conducting or reporting research.”®® Such conflicts can easily result from the growing ties between
corporations and university researchers. Faculty members, especialy in the life sciences, may own a
significant share of stock in a company for which they do research (perhaps a firm they founded to
commerciaize one of their own discoveries). Short of ownership, professors may test the products of a
firm from which they have received significant amounts of research funding or obtained a lucrative
consulting agreement. All these relationships provide reasons to favor the company involved and hence
create conflicts that threaten the objectivity of scientists when they advise the government or publish
research results on matters of financial significance to their corporate sponsor. Even if the scientists
involved are completely honest and unbiased, their financia interests may give the appearance of bias
and hence undermine the credibility of their work.

Conflicts of interest have attracted particular dtention in research to test new drugs or medical
procedures where human subjects are involved. Testing of this kind has become a mgor enterprise
involving some 60,000 trials and 14 million human subjects per year at a total annua cost of several
billion dollars. Such a large undertaking involving such high financia stakes is bound to give rise to
instances of questionable behavior. In one highly publicized case, a research fellow in a Harvard-affiliated
hospital, Scheffer Tseng, turned out to have minimized unfavorable results in aclinical study to test a dry-
eye medication. It then came to light that both Tseng and his supervisor owned stock in the company that
produced the medication, stock Tseng sold after his published test results had driven up the price but
before the negative findings were revealed.

Conflicts of interest can turn up in more tragic circumstances. In 1999, Jesse Gelsinger, an
eighteen year-old patient in a gene therapy trial at the University of Pennsylvania Medical School, died in
the course of the experiment. As it happened, the director of the institute conducting the research was the
founder and a major stockholder in the company that funded the research. The university, too, was a
stockholder, having been given an equity share by the company. Although the director did not participate
personaly in the trials, both he and the university stood to gain financialy if the therapy being tested
proved to be successful.

In most types of scientific research, any bias in the work performed is likely to be discovered
sooner or later when other investigators replicate the studies. In clinical research, however, scientists with
financial interests in the results may be too anxious to enroll patients in hazardous experiments involving
the products or companies with which they have ties. In this event, human subjects may be put at risk
before anyone is even aware of the conflicts involved.

Scientists with corporate ties naturaly deny that financia interests will have any effect on their
scientific work. Nevertheless, a number of investigators have shown that researchers reporting on the
efficacy of drugs produced by companies in which they have an interest are more likely to report
favorable results than scientists without such ties.?” Other studies have shown that clinical trials funded by
drug companies are far less likely than independently funded trials to arrive at unfavorable conclusions.?®

In 1989, the National Institutes of Health proposed strict new rules to minimize financial conflicts
of interest in research funded by the government. The proposals quickly came under heavy fire from
university scientists. Eventually, the NIH retreated and produced a much weaker set of guidelines that
merely required investigators to disclose financial conflicts to their universities but alowed the latter to
decide what further restrictions to impose.
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Opponents have made several arguments against stricter conflict-of-interest rules®® Some
maintain that it is unfair to assume that scientists will be guilty of bias just because they have a financial
interest. Others point out that there is no reason to single out financial conflicts for regulation, since
scientists have always had to contend with temptations, such as the desire for fame or promotion, that can
lead them to overstate or distort their findings. Still othersinsist that the best cure for biased results is the
time-honored process in science of testing and replicating published research findings.

None of these arguments is persuasive, especially for research involving human subjects.
Everyone agrees that it is wise to prohibit judges and government officials from making decisions on
guestions in which they have financia interests, even though many of these public servants could
doubtless keep their investments from affecting their judgment. Since no one can tell whose judgment
will be affected and whose will not, the standard practice is to remove all doubt by preventing conflicting
interests from arising in the first place. By the same token, there is no unfairness in holding scientists to
similar rules to reduce the risk of financia influence.

The other arguments against limiting conflicts are no more persuasive. The fact that all scientists
face a human temptation to win fame by exaggerating their results is hardly a reason not to counter
potential biases that can be easily removed or disclosed in advance. Although some inaccuracies and
misrepresentations will eventually be detected by other investigators, not all of them will be found. Even
if they are, discovering errors by investigators with undisclosed financial conflicts will still damage the
credibility of university science. Worse yet, setting the record straight at some later date will do nothing
for innocent patients whose health may have been put at risk by investigators using them as subjects to
test some potentially lucrative new treatment.

Most people now agree that rules are needed to guard against conflicts of interest. But controversy
continues over exactly what the rules should contain. Some argue that it is enough to require clear
disclosure both to scientific journals and to human subjects before enrolling them in an experiment.
Others strenuously disagree, insisting that the only way to eiminate the harmful effects of bias is to
prohibit financial conflicts altogether.

Whatever the answer, academic institutions do not seem to be doing nearly enough to protect
against the risks involved. According to one study published in 2000, only 3 of 250 medical schools and
research ingtitutions insisted that investigators disclose their financial conflicts to patients before enrolling
them in clinical experiments or drug trials.3° Only 7 percent of these institutions required their researchers
to disclose such conflicts to journals publishing their research.3! Only one of the ten leading medical
schools receiving the greatest amounts of federal funding flatly prohibited investigators from doing
clinical research on products of firms with which they had significant financial ties.3> Most of these
merely required disclosure to university officials.

In addressing these issues, universities do not come to the task with entirely clean hands, for they,
too, may have financia interests that could conceivably bias the results. For example, Columbia, Duke,
and severa other medical schools have formed consortia to bid for contracts from pharmaceutical firms to
test new drugs. In many cases, the principal purpose is not to secure opportunities for cutting edge
research, but rather to earn morey that can be used for other purposes. Schools that benefit in this way
clearly have afinancial stake in retaining the business of the companies whose products they test. To that
extent, they have an incentive to avoid results that will disappoint their corporate sponsors. Nevertheless,
like individual investigators, medical schools seem unwilling to admit that their financial interests could
possibly affect the results of research performed within their walls.

CORPORATE EFFORTS TO INFLUENCE RESEARCH RESULTS

Efforts to test the effects of new drugs create additional risks not commonly found in university research.
Clinical tests can enhance the value of a potentialy lucrative product or destroy it. As a result, the
sponsoring firm will often have a huge financial stake in the outcome of the research. Of course,
companies will hardly want to market a drug that is actually dangerous to health. But no such inhibition
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exists in the case of trias to determine whether a brand-name drug is superior to generic substitutes or
whether a medical device or procedure is truly efficacious or harmlessly ineffective. Even in the case of
potentially dangerous products, corporate officials can be so blinded by the prospect of financial gain that
they use poor judgment in working with academic researchers conducting tests.

Whatever the reason, drug companies sometimes employ highly questionable methods in an effort
to gain the credibility of an academically run clinical trial while retaining control over the results.>® Some
firms insist on keeping al the data or helping to design the test. Some actually ghostwrite drafts of the
final report for academic researchers to review prior to publication, a dangerous practice in view of the
many subtle ways in which a study can be written up to place the company's product in a more favorable
light. Other companies try to insert provisions in the research contract giving them the right to approve al
material prior to publishing the results. None of these practices seems consistent with the standards
universities need to protect the objectivity and accuracy of their research.

Even more troubling are a handful of cases involving heavy-handed attempts by drug companies
to suppress unfavorable findings by university scientists. For example, Betty Dong of the University of
California, San Francisco, received a grant from a pharmaceutical firm to determine whether its expensive
drug Synthroid was in fact superior to cheaper generic aternatives. Against expectations, including her
own, she found no significant difference (which meant that patients were paying severa hundred million
dollars more per year for Synthroid than they needed to spend). Informed of these embarrassing results,
the company accused Dong of numerous methodological errors and unspecified ethical lapses and even
hired a private investigator to look for conflicts of interest (which proved to be nonexistent). When Dong
went ahead and submitted her findings to a professional journal, the company threatened suit, invoking a
clause in the research agreement she had signed prohibiting publication without the firm's consent.
Although the university had never reviewed the contract or warned her not to sign, it declined to assist
her, leaving her to fight the company alone. Only after seven years did she finally succeed in publishing
her paper.

Another professor, Nancy Olivieri, of the University of Toronto, met a similar fate, experiencing
harassment much akin to the trials of the woman scientist in Le Carrés The Constant Gardener. In her
capacity as university professor and researcher at the University's Hospital for Sick Children, Olivieri
signed a contract with Canada's largest pharmaceutical firm, Apotex, to perform clinical trials on adrug to
treat thalassemia patients. The contract contained a clause prohibiting her from publicizing results for a
stipulated period without the company's permission. Despite the agreement, she insisted on making her
findings known (with the approval of the hospital's Research Ethics Board) when they seemed to indicate
that the drug she was testing was not only less effective than originaly thought, but even potentially
hazardous to patients.

As in the case of Betty Dong, the drug company accused Olivieri of deviating from the research
protocol and tried to discourage her from reporting her findings by threatening legal action and canceling
her research contract. In addition, a faculty associate sought to discredit her by sending disparaging
anonymous letters to colleagues and the media and by publishing contrary findings without either
informing her or disclosing that his work was being generously funded by Apotex. For her pains, she was
falsely accused by her hospital of failing to observe hospital regulations, suspended from her position as
program director, and directed, along with her supporters on the staff, not to discuss her problems
publicly.

Throughout these controversies, the University of Toronto remained largely uninvolved, despite a
flood of unfavorable publicity about the treatment of Olivieri by its affiliated teaching hospital. It then
appeared that the university and Apotex had for some years been in discussions about a multimillion
dollar gift to the university and its teaching hospitals. Only after another firestorm of publicity and the
intervention of distinguished scientists from Britain and the United States did the university finaly
intervene and mediate an agreement to have the hospital restore Olivieri's authority over patient care and
research and acknowledge her academic freedom.
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Olivieri and Dong are by no means the only investigators who have been pressured by companies;
there are plenty of anecdotes involving researchers threatened by lawsuits or attacks on their reputation in
an effort to suppress unfavorable results. No one knows how extensive this problem is, since no one can
be sure how many scientists have quietly succumbed to pressure and suppressed their findings rather than
undergo the harassment and delay endured by Dong and Olivieri.** Still, the problems of undue influence
and manipulation of research are great enough to have persuaded ten leading medical journals to take
action. In 2001, they agreed not to accept any articles reporting the results of clinical trials unless the
sponsoring company and the authors give satisfactory assurances that the sponsor has not tried to suppress
unfavorable findings or otherwise influence the results.®® Explaining the policy, the editor of the Journal
of the American Medical Association declared: “I am not against pharmaceutical companies. What |
object to is the use of my journal as an advertisement mechanism rather than a vehicle for the distribution
of sound medical science.”*®

The Dong and Olivieri cases also raise gquestions about how willing medical schools and their
affiliated hospitals are to resist pressure from corporate donors and how careful they are to protect their
faculty from signing agreements with undue restrictions on publication. Faculty members rarely read the
fine print of their research contracts, written as they are in the dense prose to which the legal profession is
so famously attached. One contract officer for a group of maor research hospitals estimates that 30-50
percent of all proposed agreements submitted by companies contain inappropriately broad secrecy
clauses.3” Without proper university oversight, many of these provisions are bound to find their way into
the final contract.

Drug testing for pharmaceutica firms is not the only example of high-stakes research.
Nutritionists investigating the health effects of particular foods can dampen the prospects of entire
industries, just as epidemiologists changed the lives of tobacco manufacturers by demonstrating the link
between cigarettes and cancer. Environmental scientists evaluating the effects of emissions can publish
findings that bring about extremely costly regulations for manufacturers. Investigators studying the
existence of globa warming can drastically alter the future of the energy industry.

Unlike drug testing, however, most of the esearch just described is funded primarily by the
government, not by industry. As a result, commercial interests do not have as much leverage over the
results. But some companies try to influence the public debate by offering research funding to scientists
who have views-or show promise of having views-that are favorable to the industry involved. Thus,
investigators are often aware that if their work on controversial subjects turns out to be sympathetic to
important corporate interests, money for their future work will be assured.

This state of affairs carries obvious risks for academic science. The clearest danger is that
investigators who receive corporate funding for their research may be influenced in ways that favor the
industry. They may not alter their findings deliberately to retain the favor of company sponsors. Having
received such support, however, they may be subtly affected when they decide how strongly to word a
conclusion, how much to emphasize possible qualifications and contrary interpretations, or whether to
mention potential (but unproven) new risks. At the very least, industry funding can magnify the voice of
those who receive it and encourage them to continue their research and be more outspoken and more
vigorous in expounding their views.

Such tactics can confuse the public and distort the debate about important issues. For example, one
survey investigating the wide divergence of views on the health effects of passive smoke found that 74
percent of the studies finding no adverse effects were written by authors with ties to the tobacco industry.
Of the authors with tobacco ties, 94 percent found that passive smoke was not harmful to health, while
only 13 percent of those without tobacco ties reached the same conclusion.®

Corporate efforts to influence public debate do more than muddy the waters. As the funding
sources for the research become known, aong with other links between the authors and interested
companies, people become more skeptical of what they read from supposedly disintereted scholars.
Eventually, confidence in al academic research may suffer, especially if the investigators who join the
debate and testify before Congress fail to reveal the identity of their sponsors.
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LESSONS LEARNED AND NOT YET LEARNED

Looking back, the record of commercializing academic research over the past twenty years is instructive
in several ways. Now that efforts by universities to patent scientific discoveries have become well
established, the financial results are reminiscent of intercollegiate athletics. Most universities have not
earned much money from royaties, the odds of making anything substantial from patenting a new
discovery are extremely small. Still, the extraordinary success of a few patents and the many millions of
dollars in royalties earned each year by a small minority of schools are enough to keep scores of
ingtitutions scouring their labs for commercialy vauable innovations. In this respect, commercial
incentives have succeeded in encouraging universities to do a much better job of serving the public
interest.

At the same time, using the promise of financial gain to bring about socially useful results is a
risky enterprise. While Le Carré may have engaged in flights of fiction by having pharmaceutical
companies resort to murder and beatings, most of the other transgressions he described have their
counterparts in real life. Universities have paid a price for industry support through excessive secrecy,
periodic exposes of financial conflict, and corporate efforts to manipulate or suppress research results. No
consensus has yet emerged on how to contain these threats to academic science. Differences of opinion
persist over how best to deal with conflicts of interest arising from the financial ties of investigators or of
the university itself. Rules relating to secrecy are often lax, weakly enforced, and seldom applied to
restrictions companies attach to research done through consulting agreements or corporate gifts. In the
face of pressure from corporate sponsors to influence the results of high-stakes clinical research,
institutional safeguards have proved inadequate in a disturbing number of cases.

Most universities have not done all they should to protect the integrity of their research. Many
have not even shown that they are seriously concerned about doing so. Asin athletics, officials have been
willing to cut corners and wink at potential problems in an effort to gain additional resources. Unlike
athletics, however, commercialization of research is still relatively new, and universities are not yet bound
irrevocably to indefensible policies. Only time will tell whether they manage to do a better job of
maintaining appropriate standards for science than they have done in upholding academic values on their
playing fields.
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ON OVER-WEIGHTING THE BOTTOM LINE
Reprinted with permission from SCIENCE
Volume 301, Number 5636, 22 August 2003, pp. 1050-1051
by David Batimore

Thefollowing is areview of the book Universitiesin the Marketplace: The Commercialization of Higher Education
by Derek Bok (Princeton University Press, 2003). The reviewer is president of the California Institute of
Technology, Mail Code 204-31, Pasadena, CA 91125, USA. E-mail:batimo@caltech.edu

Most universities are nonprofit ingtitutions and like to think that makes them fundamentaly
different from profit-making ventures. They are and they aren’t. Their goal is not maximizing a bottom
line but rather serving the public interest with education and research. But financialy, they need to at least
break even, which generaly requires that they maximize their multiple urces of income. So they are
businesses, and when viewed financially, they often are hard to distinguish from profit-making
enterprises.

This perspective was, | believe, at the heart of the recent judgment in the case of Madey v. Duke
University. In that October 2002 decision, a federal appeals court reversed a lower court and held that a
university is not generally entitled to an ex-emption from obtaining licenses to patents that affect its
research endeavors. The appeals court found that all of the research activities of a university serve to
further its “legitimate business objectives’ and therefore are no different than the activities of a for-profit
company. The appellate decision explicitly stated that the lower court had “attached too great a weight to
the nonprofit, educational status of Duke University.” It said, “The correct focus should not be on the
nonprofit status of Duke but on the legitimate business Duke is involved in.” Just recently, the U.S.
Supreme Court refused to hear the case, so the judgment will presumably stand, although the lower court
still has to interpret it.

Derek Bok, a former president of Harvard University and previously dean of its law school,
provides a similar perspective in Universities in the Marketplace: The Commercialization of Higher
Education. He focuses on four activities of universities that have significant commercial rationales:
competitive athletics, scientific research undertaken to enhance net revenues, technology transfer, and
what | will call “non-core education” (continuing education and distance learning). Bok’s concern is that
the magnitude of these activities either distorts or threatens the mission of universities. His is a purist
stance: anything that distracts from the primary goals - education and research - of a university is suspect.
A cynic might say that although that's a fine stance for the president emeritus of Harvard, lesser
institutions are living on a thinner edge. Nonetheless, Bok is speaking for the high vision of the university
world, a perspective al institutions should hold dear.

It is hard for universities to keep their financia picture in order. Tuition is one of the few sources
of hard money, and for ingtitutions that have a need-blind admissions policy, that source is not constant.
Other sources of revenue - such as endowment income, gifts, technology-transfer revenues, and ancillary
activities - are inconsistent. With a downturn in the economy, all of these suffer. Running a university to
break even is a constant struggle, so Bok’s purist stance can be seen as a denial of the realities of
university administration.

Bok constantly refers to revenue-enhancing activities over and above tuition increases or attraction
of research dollars as making a “profit.” Because a nontprofit institution, by definition, makes no profit,
this is clearly his attempt to color revenue-enhancing activities with a commercial brush. As | noted
above, universities are not uncommercial, but it is important to see their budgets as a whole and not to
denigrate particular aspects as “commercial.”

Bok’s noirest béte is athletics. Here he sees major dangers for the university with little real up
side. In his analysis, he draws heavily on the semina study by James L. Shulman and William G. Bowen,
The Game of Life: College Sports and Educational Values (Princeton University Press, 2001). Shulman
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and Bowen document the pernicious effects of athletics in great detail, and Bok reiterates many of the
points they make. Their study is clearly the touchstone of his thinking on the subject, and it colors his
view of the other issues he tackles. It is my opinion too that big-time athletics, as practiced both in large
universities and small colleges, is a foreign body of professionalism inserted into what should be an
amateur environment. And | agree that it isin need of serious rethinking. However, the major uproar from
alumni that ensued when Swarthmore College struck football out of its programs shows how hard it is to
attack this problem, even at elite, small colleges.

Bok does say that in the realms of re-search, technology transfer, and nortcore education, the
universities have generally been more aware of the potential conflicts with their traditional values. He is
basically afraid that these areas of revenue enhancement will go the way of athletics, becoming so in
grained into institutional practice that there is no way to govern them within the framework of such
values. Thisisarea worry and one against which the academic world needs to be constantly vigilant. For
instance, technology transfer, which admittedly only generates net revenue in a few schools, could
become an end in itself for a university and thus lead to external guidance of the research directions of the
faculty. Or the university might lower the bar covering corporate review of research, maximizing
corporate funding of research while compromising core university values of openness and access. A
particular danger is that marginal research activities and investigators can become overvalued at the
expense of more solid investigations.

Bok is quite skeptical of the promise of non-core education (what he calls education for profit) as
a revenue generator for major universities. He notes “al the brave talk of rendering residential campuses
obsolete seems definitely premature.” But he is also worried about how poorly students at major
universities are often treated by faculty. He asks the rhetorical but provocative question, “might not
competition and the lure of profit be the only forces powerful enough to break through the thick crust of
faculty inertia and bring about some real progress in university teaching and learning?’

| have been watching the university scene for more than 40 years and have tried to be alert to
universities compromising their core values. | have been impressed that, at least at the major research
universities, their revenue-enhancing activities have not seriously distorted such values. Universities have
become more complicated, but the administration, faculty, and students have been aware of the need for
vigilance and have exercised it. Not to say that there have not been people taking advantage of the
generaly permissive atmosphere of universities - that has certainly happened. But it is the exception, not
therule.

Universities in the Marketplace is well written, even eloquent at times. It presents interesting
history as well as contemporary analysis. However, the book is short on data and misses the chance to put
the issues within the context of the overall picture of university finances. It aso does not give a wide view
of the diversity of universities and colleges that exist in the United States. | would recommend the book
for laying out important issues, but | wish Bok had given them deeper consideration. He has lived with
many of these issues at Harvard, notably in the early days of biotechnology, and he could have drawn
more on his personal experiences.

The Madey decision and Bok’s book together remind us that our vaunted higher educational
system sits within the same capitalist framework as the rest of American life. It serves a high ideal—the
discovery and dissemination of understanding and skill - but it does so facing the same strains as any
business striving to stay solvent.
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UNIVERSITY LICENSING AND THE BAYH-DOLE ACT

Reprinted with permission from SCIENCE
Volume 301, Number 5636, 22 August 2003, p. 1052
by Jerry G. Thursby and Marie C. Thurshy

The Bayh-Dole Act of 1980 allows universities to patent and exclusively license federally
funded inventions. With dramatic growth in university licensing, the Act has become controversial and
the subject of policy review. For the 84 U.S. ingtitutions responding to the Association of University
Technology Managers (AUTM) 1991 and 2000 surveys, inventions disclosed increased by 84%, new
patent applications by 238%, license agreements by 161%, and royalties by more than 520% (1). Bayh
Dole advocates argue that in its absence many results from federally funded research would remain in
the laboratory; critics say exclusive licenses are not needed for technology transfer and universities are
chasing profits (2). Amid the rhetoric, what are the issues and evidence?

Would technologies be transferred in the absence of Bayh-Dole? Technology can be, and
obvioudy is, transferred to industry without patents or licenses. Historically, publications, meetings,
and consulting were the primary ways for industry to learn about academic research, and recent
evidence suggests they remain so (3-5).

If and when exclusive licensing is needed to augment these channels is an important issue.
Exclusive licensing may be needed when inventions require further development before use (6). A
survey of 62 U.S. universities suggests that much university research fits this profile, with 45% of
inventions no nore than a “proof of concept” and only 12% “ready for practical use” at the time of
license (7, 8). The failure rate for these inventions is high, 46% for all inventions and 72% for those
that are only a proof of concept (9). Exclusive patent rights provide an incentive for firms to invest in
costly development, but only to the extent that patents are effective in protecting intellectual property
(IP), which varies by industry (10, 11).

Many university inventions are research tools, in which case exclusivity may limit use by
future researchers. Although Bayh-Dole permits exclusive license, it does not require it, and surveys
show many licenses are nonexclusive (AUTM reports half) @, 12). How often research tools are
exclusively licensed is not known, but krown examples, such as the OncoMouse, have exacerbated the
controversy. Restricted use of such tools is more detrimental the broader their patent clams (3).
Regardless, NIH guidelines for sharing research tools are helpful (14).

Are technology transfer offices “profit centers’? In the 2000 AUTM survey, 156 U.S.
respondents reported $1.24 billion in income from royalties and cashed-in equity net of unreimbursed
legal fees (1, 15). This income was about 4.7% of their research expenditure. For every dollar of
income, there is about $0.20 in sponsored research tied to a license. The average income per active
license is $66,465, but only 43% earned royalties and 0.56% earned more than $1 million in 2000.

Although average income per respondent was about $8 million, 79% earned less than $5
million, and haf reported income less than $824,000. On average, technology transfer offices below
the median had four employees, which made it likely that many spent more than they received in
income. While more offices have become profitable over time and this trend may continue, the current
picture suggests that profits are not the sole goa of licensing. Survey research highlights the
complexity of university goals, which also include sponsored research and Bayh-Dol€'s mandate to
commercialize federally funded research (8, 16). Further, many in the university community recognize
the need to balance IP rights and the public good (17).

Does licensing restrict dissemination of academic research? A survey of industry licensing
executives shows 27% of their university licenses include clauses that allow deletion of information
from papers before submission, and 44% ask for publication delay (3.9 months on average) (18). Life
science faculty involved in commercial activity often deny requests by other scientists for research
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results, although multiple factors are involved (19, 20). This problem is more likely related to research
that is company sponsored rather than federally funded, because companies can protect IP with
secrecy, whereas Bayh-Dole requires eventual disclosure through patents.

Have financial incentives from licensing diverted faculty from basic to more applied research?
Evidence on the direction of faculty research is limited, but suggests that the answer is no. A survey of
firms that license from universities indicates that the prime reason for increasing their collaboration
with universities was receptivity to licensing rather than a change in faculty research (18). Studies of
technology transfer from the University of California, Stanford, and Columbia find little evidence of
either changes in research direction or financia return as a mgjor motive for the research (6, 21). Our
study of over 3400 faculty at six research universities from 1983 to 1999 suggests that the portion of
research that was basic has not changed even though licensing increased by a factor greater than 10 (5).

There is evidence to suggest that university licensing facilitates technology transfer with
minimal effects on the research environment, bu the issues are complex and there are unknowns.
Further study is needed, particularly as to whether faculty involvement in licensing complements or
substitutes for open publication. The environment is also evolving. The explosive growth of licensing
cannot continue forever - the final equilibrium, however, remains to be seen.
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CHAMPIONING A 17" CENTURY UNDERDOG

Reprinted with permission from SCIENCE
Volume 301, Number 5630, 11 July 2003, p. 152
by Richard Stone

LONDON - A quick quiz: Through meticulous observations with a 20-meter-long tel escope that
vibrated in the dightest breeze, this 17th century sciertist was the first to describe the shadow that
Saturn’ s ring cast on the planet and to make detailed maps of the moon’s craters. He was an
accomplished surveyor and architect who helped rebuild London after the Great Fire of 1666 and an
avid inventor whose creations include the balance spring watch and the compound microscope. This
“Leonardo da Vinci of England” was aso a maverick thinker who was one of the first to articulate the
concept of extinction and who suggested evolution 2 centuries before Charles Darwin. Who was this
polymath?

If you guessed Robert Hooke (1635-1703), you know your history better than many of your
peers. Scholars have long argued that Hooke has received far less credit for his insights and inventions
than he deserves. Set against the brilliance of his contemporary, 1saac Newton, Hooke has tended to
shine like a 60-waitt light bulb. It didn’t help that Newton, upon Hooke' s death, set out to destroy his
reputation. Newton “denied many of Hooke's contributions and did al that he could to obliterate them
from history,” says science historian Michael Cooper, aleading Hooke scholar at City University of
London.

But Hooke is undergoing a remarkable rehabilitation. A clutch of new books about his life and
achievements have appeared in the past few years or are about to be published. “Hooke is fashionable,”
says physicist Robert Purrington of Tulane University in New Orleans. And asindicated at a
conference earlier this week to mark the tercentenary of Hooke's death, scholars are gravitating to him
for avariety of reasons, from the philosophical underpinnings of hiswork to his bitter quarrels with
Newton and subsequent downfall. “Hooke was one of the most prolific and inventive scientists of all
time,” says Michael Nauenberg, aphysicist at the University of California, Santa Cruz.

Hooke made his mark early. As a student at Oxford in the late 1650s, he joined the |aboratory
of Robert Boyle, where, working with springs, he discovered that stress is directly proportional to
strain - Hooke's law. He also devised an air pump and performed experiments on gases that led to the
formulation of Boyl€e's law. Hooke so impressed his Oxford colleagues that in 1662 he was named
Curator of Experiments at the newly formed Royal Society of London, tasked with demonstrating
experiments at the society’s weekly mestings.

In 1665, at the age of 30, Hooke published Micrographia, a bestseller based on his observations
and intricate drawings of the natural world through his compound microscope. Along with the
drawings, he made striking insights into the processes of nature. Based on his observations of the cliff
shores of the Ide of Wight, where he grew up, Hooke believed that the biblical flood could not be
taken literaly. “He knew that erosion needed more time,” says Ellen Tan Drake of Oregon State
University in Corvallis. Even more profound were his insights into extinction. In the mid-17th century,
fossils and minerals were thought a trick of nature, formed by magic, although a handful of scholars
believed that fossils were relics of Noah's flood. After examining seashore fossils, he wrote in 1667:
“There have been many other Species of Creaturesin former Ages of which we can find none at
present.” He even anticipated Charles Darwin, suggesting that new species could arise from the
pressure of environmental change.

A year after Micrographia appeared, fires ravaged London; during the 1670s, Hooke, trained as
a surveyor, worked with his best friend, architect Christopher Wren (far more famous than Hooke

" “Hooke 2003,” sponsored by the Royal Society and Gresham College, 7 to 8 July.
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Simulation of fcc riser flow with multiphase heat transfer and cracking reactions

Gubaidullin AA. Dudko DN.
Qin QH.

Kim SJ. Choi J. Kwak MK.

Muhlich U. Brocks W.

Hagihara S. T'sunori M. Ikeda T. Miyazaki N.
Marklund PO. Nilsson L.

Campello EMB. Pimenta PM. Wriggers P.
Chang SL. Zhou CQ.

Computer Methods in Applied Mechanics & Engineering
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3041
3043
3061
3089
3109
3163
3179
3195
3211
3233
3245
3265
3285

3301

Special issue - multiscale computational mechanics for materials and structures -
preface

Multiscale computational analysis in mechanics using finite calculus: an intro-
duction

On a multiscale computational strategy with time and space homogenization for
structural mechanics

Strong coupling methods in multi-phase and multi-scale modeling of inelastic
behavior of heterogeneous structures

Generalized finite element method using mesh-based handbooks: application to
problems in domains with many voids

A computational approach to handle complex microstructure geometries
Constrained inverse formulations in random material design

The discontinuous enrichment method for multiscale analysis

Modeling and simulation of piezocomposites

A multilevel finite element method (fe2) to describe the response of highly non-
linear structures using generalized continua

Crystallization of polymers under strain: from molecular properties to macro-
scopic models

Artificial neural network as an incremental non-linear constitutive model for a
finite element code

A combined mesh and model adaptive strategy for the scaling issues in the nu-
merical modelling of the ductile damage in thin panels

The variational theory of complex rays: a predictive tool for medium-frequency
vibrations

Ladeveze P. Fish J.

Onate E.

Ladeveze P. Nouy A.

Ibrahimbegovic A. Markovic D.

Strouboulis T. Zhang L. Babuska I.

Moes N. Cloirec M. Cartraud P. Remacle JF.
Zohdi TI.

Farhat C. Harari I. Hetmaniuk U.

Fish J. Chen W.

Feyel F.

Poitou A. Ammar A. Marco Y. Chevalier L.
Chaouche M.

Lefik M. Schrefler BA.

Aubry D. Jay G. Tie B. Muzzolini R.

Rouch P. Ladeveze P.

Computer Methods in Applied Mechanics & Engineering

192(31-32) 2003

3317
3343

3379

3397

3409

3431

3471
3489

An adaptive finite element method for bingham fluid flows around a cylinder

A chimera method based on a dirichlet/neumann(robin) coupling for the navier-
stokes equations

A new stabilized finite element formulation for scalar convection-diffusion prob-
lems: the streamline and approximate upwind petrov-galerkin method

An equivalent algorithm for simulating thermal effects of magma intrusion prob-
lems in porous rocks

An extension of the feti domain decomposition method for incompressible and
nearly incompressible problems

On the spatial formulation of anisotropic multiplicative elasto-plasticity

Implicit integration of plasticity models for granular materials

Finite element simulations of chemo-mechanical coupling in elastic-plastic ho-
moionic expansive clays

Roquet N. Saramito P.
Houzeaux G. Codina R.

do Carmo EGD. Alvarez GB.

Zhao CB. Hobbs BE. Ord A. Lin G. Muhlhaus
HB.
Vereecke B. Bavestrello H. Dureisseix D.

Menzel A. Steinmann P.
Ahadi A. Krenk S.
Gajo A. Loret B.



3531

3565

Two-scale kinematics and linearization for simultaneous two-scale analysis of pe-
riodic heterogeneous solids at finite strain

A computational procedure to estimate the stochastic dynamic response of large
non-linear fe-models (vol 192, pg 777, 2003)

7

Terada K. Saiki I. Matsui K. Yamakawa Y.

Pradlwarter HJ. Schueller GI. Schenk CA.

Computer Methods in Applied Mechanics & Engineering

192(33-34) 2003

3569

3585

3619

3657

3673

3689
3705

3731

3747

3777

Multi-potential based discontinuous bifurcation model for jointed rock masses
and its application

A general framework for conservative single-step time-integration schemes with
higher-order accuracy for a central-force system

Modified involute helical gears: computerized design, simulation of meshing and
stress analysis

An analytical fundamental solution of the transient scalar wave equation for ax-
isymmetric systems

A note on iterative methods for solving singularly perturbed problems using non-
monotone methods on shishkin meshes

Sequential solution of a three-dimensional inverse radiation problem

Modal approaches for the stochastic finite element analysis of structures with
material and geometric uncertainties

An efficient time/frequency domain algorithm for modal analysis of non-linear
models discretized by the fem

Post-collapse analysis of plates and shells based on a rigid-plastic version of the
tric element

Discrete boundary conditions for elasticity problems with singularities

Zhou WY. Liu YG. Zhao JD.

Graham E. Jelenic G.

Litvin FL. Fuentes A. Gonzalez-Perez I. Car-
venali L. Kawasaki K. Handschuh RF.
Czygan O. von Estorff O.

Ansari AR. Hegarty AF.

Park HM. Sung MC.
Van den Nieuwenhof B. Coyette JP.

Soares D. Mansur WJ.
Corradi L. Panzeri N.

Wu XN. Xue WM.

Computer Methods in Applied Mechanics & Engineering

192(35-36) 2003

3799

3831

3845

3861

3887

3909

3933

3959

3985

The mosaic of high performance domain decomposition methods for structural
mechanics: formulation, interrelation and numerical efficiency of primal and dual
methods

A nodal integration and post-processing technique based on voronoi diagram for
galerkin meshless methods

An iterative stabilized fractional step algorithm for finite element analysis in
saturated soil dynamics

Large amplitude vibration of thermo-electro-mechanically stressed fgm laminated
plates

Numerical modelling of crack propagation: automatic remeshing and comparison
of different criteria

Topology optimization of flow networks

Voronoi-based finite volume methods, optimal voronoi meshes, and pdes on the
sphere

Multiscale computations with a combination of the h- and p-versions of the finite-
element method

Computation of the exponential and other isotropic tensor functions and their
derivatives

Fragakis Y. Papadrakakis M.

Zhou JX. Wen JB. Zhang HY. Zhang L.

Li XK. Han XH. Pastor M.

Yang J. Kitipornchai S. Liew KM.

Bouchard PO. Bay F. Chastel Y.

Klarbring A. Petersson J. Torstenfelt B. Karls-
son M.

Du Q. Gunzburger MD. Ju LL.

Krause R. Rank E.

Ttskov M.

Computer Methods in Applied Mechanics & Engineering

192(37-38) 2003

4003

4045

4075

4109

4131
4147

4173

4195

Modelization and numerical approximation of piezoelectric thin shells - part i:
the continuous problems

Modelization and numerical approximation of piezoelectric thin shells - part ii:
approximation by finite element methods and numerical experiments
Modelization and numerical approximation of piezoelectric thin shells - part iii:
from the patches to the active structures

A response surface approach for the static analysis of stochastic structures with
geometrical nonlinearities

Incomplete sensitivities for the design of minimal dispersion fluidic channels

A novel approach of three-dimensional hybrid grid methodology: part 1. grid
generation

A novel approach of three-dimensional hybrid grid methodology: part 2. flow
solution

The relevance of conservation for stability and accuracy of numerical methods for
fluid-structure interaction

Bernadou M. Haenel C.
Bernadou M. Haenel C.
Bernadou M. Haenel C.
Impollonia N. Sofi A.

Mohammadi B. Molho JI. Santiago JG.
Zheng Y. Liou MS.

Liou MS. Zheng Y.

Michler C. van Brummelen EH. Hulshoff SJ.
de Borst R.



4217

4237
4257

A characteristics strategy for solving advection equations in 2d steady flows con-
taining recirculating areas

A constitutive model for anisotropic materials based on neuber’s rule

A new stabilized enhanced strain element with equal order of interpolation for
soil consolidation problems

Chinesta F. Chaidron G.

Mucke R. Bernhardi OE.
Mira P. Pastor M. Li T. Liu X.

Computer Modeling in Engineering & Sciences

4(3-4) 2003

345
351
365
381
397
405
421

431
439

457

473
489

497

Biomechanics: a current perspective

Non-rigid modeling of body segments for improved skeletal motion estimation
Numerical modeling of shape-memory alloys in orthodontics

Finite element analysis of the jaw-teeth/dental implant system: a note about
geometrical and material modeling

A method for estimating relative bone loads from ct data with application to the
radius and the ulna

3-d numerical analysis of the stress state caused by short-term loading of a fixed
dental implant containing a ”pdl-like” nonlinear elastic internal layer

A discrete model for the high frequency elastic wave examination on biological
tissue

Sensitivity of the skin tissue on the activity of external heat sources

Biological growth and remodeling: a uniaxial example with possible application
to tendons and ligaments

The identification of elastic moduli of a stratified layer through localized surface
probes, with biomedical applications

Entry length and wall shear stress in uniformly collapsed-pipe flow

Bone and joints modelling with individualized geometric and mechanical proper-
ties derived from medical images

An anisotropic damage model for the evaluation of load carrying capacity of
composite artificial ligaments

Carini A. Pietrabissa R.

Alexander EJ. Bregler C. Andriacchi TP.
Auricchio F. Petrini L. Pietrabissa R. Sacco E.
Corradi L. Genna F.

Fischer KJ. Bastidas JA. Pfaeffle HJ. Towers
JD.

Genna F. Paganelli C. Salgarello S. Sapelli P.
Liu J. Ferrari M.

Mochnacki B. Majchrzak E.
Rao IJ. Humphrey JD. Rajagopal KR.

Skovoroda AR. Goldstein RV.

Thiriet M. Naili S. Ribreau C.
Tho MCHB.

Vena P. Contro R.

Computers & Structures
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1751
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1783
1795
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1851

1865
1875

1889
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1915
1923
1931

1941
1957
1967

1979

Civil-comp 2001 - editorial
Local error estimator for stresses in 3d structural analysis

Constitutive error estimator for the control of contact problems involving friction
Crack detection and location in a damaged beam vibrating under white noise
The partition of unity quadrature in element-free crack modelling

About finite element sensitivity analysis of elastoplastic systems at large strains
Elasto-plastic buckling and postbuckling of arches subjected to a central load
The influence of base connectivity on the ultimate load of columns

Large rotation analysis of elastic thin-walled beam-type structures using esa ap-
proach

Mechanical and thermal fatigue delamination of curved layered composites

The three-dimensional beam theory: finite element formulation based on curva-
ture

Gbt buckling analysis of pultruded frp lipped channel members

An evaluation of the dynamical performance of composite slabs

Free vibration of sandwich beams using the dynamic stiffness method

Finite element modelling of compartment masonry walls in fire

Condition state evaluation of existing reinforced concrete bridges using neuro-
fuzzy hybrid system

Optimal barreling of steel shells via simulated annealing algorithm

New approach to optimization of reinforced concrete beams

Optimum design of pitched roof steel frames with haunched rafters by genetic
algorithm

A competitive comparison of different types of evolutionary algorithms

Topping BHV.

Florentin E. Gallimard L. Ladeveze P. Pelle
JP.

Louf F. Combe JP. Pelle JP.

Cacciola P. Impollonia N. Muscolino G.
Carpinteri A. Ferro G. Ventura G.

Rojc T. Stok B.

Pi YL. Bradford MA.

Lau HH. Godley MHR. Beale RG.

Turkalj G. Brnic J. Prpic-Orsic J.

Figiel L. Kaminski M.
Zupan D. Saje M.

Silvestre N. Camotim D.

da Silva JGS. Vellasco PCGD. de Andrade
SAL. Soeiro FJDP. Werneck RN.

Banerjee JR.

Nadjai A. O’Garra M. Ali F.

Kawamura K. Miyamoto A.

Blachut J.
Leps M. Sejnoha M.
Saka MP.

Hrstka O. Kucerova A. Leps M. Zeman J.

Computers & Structures

81(20) 2003

1991
2003

A multi-mesh mpm for simulating the meshing process of spur gears
A genetic algorithm with memory for mixed discrete-continuous design optimiza-
tion

Hu W. Chen Z.
Gantovnik VB. Anderson-Cook CM. Gurdal Z.
‘Watson LT.



2011
2021
2029

2045
2053

Modal spectral element formulation for axially moving plates subjected to in-
plane axial tension

Micromechanics of braided composites via multivariable fem

Geometrically non-linear free vibrations of clamped simply supported rectangular
plates. part i: the effects of large vibration amplitudes on the fundamental mode
shape

Active noise control of flexible linkage mechanism with piezoelectric actuators
Design optimisation of structures vibration behaviour using first order approxi-
mation and local modification (vol 80, pg 1955, 2002)

Kim J. Cho J. Lee U. Park S.
Sun HY. Di SL. Zhang N. Pan N. Wu CC.
El Bikri K. Benamar R. Bennouna M.

Zhang XM. Lu JW. Shen YW.
Bahai H. Aryana F.

Computers & Structures

81(21) 2003

2055

2067

2079
2087

2099

2111

Evolution of long-span bridge response to wind-numerical simulation and discus-
sion

Quantification of force re-distribution during deck replacement in a cable-stayed
bridge

A family of variational principles for linear micromorphic elasticity
Development of computational software for analysis of curved girders under con-
struction loads

General formulation for local integration in standard elastoplasticity with an ar-
bitrary hardening model

Integral feasible prestress of cable domes

Chen SR. Cai CS.
Chandra D.

He JH.
Topkaya C. Williamson EB.

Le Van A. de Saxce G. Le Grognec P.

Yuan XF. Dong SL.

Earthquake Engineering & Structural Dynamics

32(10) 2003

1483
1505

1533

1555
1585

1603
1627

Modelling damage potential of high-frequency ground motions

Efficiency of base isolation systems in structural seismic protection and energetic
assessment

System identification of linear structures based on hilbert-huang spectral analysis.
part 2: complex modes

Response of structures supported on scf isolation systems

Evaluation of combination rules for peak response calculation in three-component
seismic analysis

A simplified method of constructing fragility curves for highway bridges

Active tuned liquid column damper with propellers

Ma GW. Ha H. Lu Y.
Marano GC. Greco R.

Yang JN. Lei Y. Pan SW. Huang N.

Hamidi M. El Naggar MH. Vafai A.
Hernandez JJ. Lopez OA.

Karim KR. Yamazaki F.
Chen YH. Ko CH.

Earthquake Engineering & Structural Dynamics

32(11) 2003

1639
1655
1677
1691
1715
1729
1749
1773

1795

Seismic response of multi-supported structures by proper orthogonal decomposi-
tion

Robust active vibration suppression control with constraint on the control signal:
application to flexible structures

Seismic risk assessments and gis technology: applications to infrastructures in the
friuli-venezia giulia region (ne italy)

Comparison of spectral ratio techniques for estimation of site effects using mi-
crotremor data and earthquake motions recorded at the surface and in boreholes
A method of calculating the non-linear seismic response of a building braced with
viscoelastic dampers

Effect of causal and acausal filters on elastic and inelastic response spectra
Soil-structure interaction in yielding systems

Considerations for the development of real-time dynamic testing using servo-
hydraulic actuation

Evaluation of modal pushover analysis using generic frames (vol 32, pg 417, 2003)

Tubino F. Carassale L. Solari G.

Forrai A. Hashimoto S. Funato H. Kamiyama
K.

Codermatz R. Nicolich R. Slejko D.
Rodriguez VHS. Midorikawa S.

Choi H. Kim WB. Lee SJ.

Boore DM. Akkar S.

Aviles J. Perez-Rocha LE.

Zhao J. French C. Shield C. Posbergh T.

Chintanapakdee C. Chopra AK.

Engineering Fracture Mechanics

70(16) 2003

2255
2257

2269
2281
2307
2321

Size-scale effects

Boundary effect on concrete fracture and non-constant fracture energy distribu-
tion

Simulation of size-effect behaviour through sensitivity analyses

Influence of microstructure of concrete on size/scale effects in tensile fracture
Lattice modelling of size effect in concrete strength

On the mechanics of quasi-brittle materials with a fractal microstructure

Carpinteri A. Karihaloo BL.
Duan K. Hu XZ. Wittmann FH.

Gutierrez MA. De Borst R.

Van Mier JGM. Van Vliet MRA.
Ince R. Arslan A. Karihaloo BL.
Carpinteri A. Chiaia B. Cornetti P.
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Engineering Fracture Mechanics

70(17) 2003

2353
2363
2385
2407
2421
2439

2459

2473

2489

Edge crack in an elastic layer resting on winkler foundation

A numerical investigation of 3-d small-scale yielding fatigue crack growth
Lattice modelling of the failure of particle composites

Coefficients of the crack tip asymptotic field for wedge splitting specimens

The influence of structural dimensions on crack arrest

Thermomechanics of slow stable crack growth: closing the loop between experi-
ments and computational modeling

Fracture initiation of geometrically scaled, notched three-point-bend bars of a
low-alloy ferritic steel

Characterisation of plasticity-induced closure-crack flank contact force versus
plastic enclave

Study to estimate crack length using the separability parameter s-pb in steels

Matysiak SJ. Pauk VJ.
Roychowdhury S. Dodds RH.
Karihaloo BL. Shao PF. Xiao QZ.
Karihaloo BL. Abdalla H. Xiao QZ.
Priest AH.

Bhalla KS. Zehnder AT. Han X.

Krompholz K. Kalkhof D.
James MN. Pacey MN. Wei LW. Patterson

EA.
Wainstein J. de Vedia LA. Cassanelli AN.

Engineering Fracture Mechanics

70(18) 2003

2499

2513
2527

2543
2559

2569

2587
2603

2617

Effects of geometry of notched specimens on the local cleavage fracture stress
sigma(f) of c-mn steel

Channel-cracking of thin films with the extended finite element method
Three-dimensional stress and deformation fields around flat and slant cracks un-
der remote mode i loading conditions

A meso-model of spalling with thermal coupling for hard metallic materials
Effect of the threshold stress on the determination of the weibull parameters in
probabilistic failure analysis

Transformation zones, crack shielding, and crack-growth resistance of ce-
tzp/alumina composite in mode ii and combined mode ii and mode i loading
Master curve implementation of the warm pre-stress effect

Evaluation of fatigue crack growth behavior of glare3 fiber/metal laminates using
a compliance method

Fatigue threshold and crack growth in an electron beam weld made of steel and
bronze

Wang GZ. Wang JG. Chen JH.

Huang R. Prevost JH. Huang ZY. Suo Z.
Mahgoub E. Deng XM. Sutton MA.

Klepaczko JR. Chevrier P.
Smart J. Mitchell BC. Fok SL. Marsden BJ.

Lin GY. Shetty DK.

Wallin K.

Takamatsu T. Shimokawa T. Matsumura T.
Miyoshi Y. Tanabe Y.

Vorel M. Ruzicka M.

Engineering Structures

25(10) 2003

1241

Derivation of vulnerability functions for european-type rc structures based on
observational data

Rossetto T. Elnashai A.

Engineering Structures

25(11) 2003

1353

1369
1377

1387
1397

1419
1429
1443

Flexural and shear hysteretic behaviour of reinforced concrete columns with vari-
able axial load

Reinforcing methods for composite timber frame-fiberboard wall panels
Nonlinear analysis of plate-truss composite steel girders

The representation of p-delta effects using yield point spectra

Buckling of circular steel silos subject to code-specified eccentric discharge pres-
sures

Behaviour of steel moment connections with a single flange rib

Normalized input-output minimization analysis of wave propagation in buildings
Simplified stiffness formulae for elastic layers bonded between rigid plates

Galal KE. Ghobarah A.

Dobrila P. Premrov M.

Wang RH. Li QS. Luo QZ. Tang J. Xiao HB.
Huang YQ.

Aschheim M. Montes EH.

Song CY. Teng JG.

Chen CC. Lee JM. Lin MC.
Kawakami H. Oyunchimeg M.
Tsai HC. Pai WJ.

Engineering Structures

25(13) 2003

1575

1585
1597

1611

Influence of reinforcement corrosion - in the compressive zone - on the behaviour
of rc beams

Nonlinear interaction design provisions using spectral superposition
Performance of a five-storey benchmark model using an active tuned mass damper
and a fuzzy controller

A new three-dimensional finite element analysis model of high-speed train-bridge
interactions

Capozucca R. Cerri MN.

Vasquez J.
Samali B. Al-Dawod M.

Song MK. Noh HC. Choi CK.



1627
1639
1655
1665

1675
1685

1697
1707
1717

Out-of-plane advanced analysis of steel structures

Static and seismic design of one-way and two-way jack arch masonry slabs
Seismic reponse of a new design for vertical joints in architectural panels

A consideration on intermediate diaphragm spacing in steel box girder bridges
with a doubly symmetric section

Acerostatic stability analysis of suspension bridges under parametric uncertainty
Analysis and design of the general and outmost-ring stiffened suspen-dome struc-
tures

Pushover tests on steel x-braced and knee-braced rc frames

Experimental investigation and design of steel brace connection to rc frame

A stochastic analysis of long span structures subjected to spatially varying ground
motions including the site-response effect (vol 25, pg 1301, 2003)

11
Trahair NS. Chan SL.
Maheri MR. Rahmani H.
Barluenga G. Hernandez-Olivares F. Leon RT.
Park NH. Lim NH. Kang YJ.

Cheng J. Jiang JJ. Xiao RC.
Kang WJ. Chen ZH. Lam HF. Zuo CR.

Maheri MR. Kousari R. Razazan M.
Maheri MR. Hadjipour A.
Dumanoglu AA. Soyluk K.

European Journal of Mechanics A-Solids

22(4) 2003

497
509
525
535
545
567
583
591
603
617
633

Magnetoelastic modelling of elastomers

Failure initiation in an epoxy joint between two steel plates

Adaptive fe method for the shakedown and limit analysis of pressure vessels
Fracture analysis of functionally graded coatings: plane deformation

A model of adhesion coupled to contact and friction

Construction of an averaged stress tensor for a granular medium

Partial closure of a crack located in an infinite elastic layer

Crack tip field in piezoelectric/piezomagnetic media

Nonlinear wave modulation in a fluid-filled linearly tapered elastic tube
Dynamic response of a pyroelectric hollow sphere under radial deformation
Frictional contact solver and mesh adaptation in space-time finite element method

Dorfmann A. Ogden RW.

Leguillon D. Laurencin J. Dupeux M.
Franco JRQ. Ponter ARS. Barros FB.
Huang GY. Wang YS. Gross D.
Talon C. Curnier A.

Fortin J. Millet O. de Saxce G.
Birinci A. Cakiroglu FL.

Wang BL. Mai YW.

Demiray H.

Ding HJ. Wang HM. Chen WQ.
Adelaide L. Jourdan F. Bohatier C.

European Journal of Mechanics B-Fluids

22(4) 2003

305
317
331
345
355
369
379

391

Shallow-water edge waves above an inclined bottom slowly varied in along-shore
direction

Two-dimensional perturbations in a suddenly blocked channel flow

Flow of magnetorheological fluid through porous media

Weakly nonlinear stability of hartmann boundary layers

On the breaking of long, axisymmetric liquid bridges between unequal supporting
disks at minimum volume stability limit

Influence of the nutation angle in gravitational settling of particles near vortices
and in turbulence

Flow structures in zero pressure-gradient turbulent boundary layers at high
reynolds numbers

Heat transfer and evaporation/condensation problems based on the linearized
boltzmann equation

Kurkin A. Pelinovsky E.

Scandura P.

Kuzhir P. Bossis G. Bashtovoi V. Volkova O.
Moresco P. Alboussiere T'.

Meseguer J. Espino JL. Perales JM. Laveron-
Simavilla A.

Dominguez UJS.

Osterlund JM. Lindgren B. Johansson AV.

Siewert CE.

Experimental Mechanics

43(3) 2003

225

228

238

248

256

269

280

289

303

309

Microelectromechanical systems and nanomaterials: experimental and computa-
tional mechanics aspects - preface

Murray lecture - tensile testing at the micrometer scale: opportunities in experi-
mental mechanics

A critical review of microscale mechanical testing methods used in the design of
microelectromechanical systems [review]

A review of mems-based microscale and nanoscale tensile and bending testing
[review]

Mechanical properties of ultrananocrystalline diamond thin films relevant to
mems/nems devices

Thin film cracking modulated by underlayer creep

Mechanical measurements of adhesion in microcantilevers: transitions in geome-
try and cyclic energy changes

Fatigue damage evolution in silicon films for micromechanical applications

Elastic-plastic contact mechanics of indentations accounting for phase transfor-
mations

An experimental/computational approach to identify moduli and residual stress
in mems radio-frequency switches

Espinosa HD.

Sharpe WN.

Srikar VT. Spearing SM.
Haque MA. Saif MTA.

Espinosa HD. Prorok BC. Peng B. Kim KH.
Moldovan N. Auciello O. Carlisle JA. Gruen
DM. Mancini DC.

Liang J. Huang R. Prevost JH. Suo Z.

Jones EE. Murphy KD. Begley MR.

Shrotriya P. Allameh S. Brown S. Suo Z.
Soboyejo WO.
Galanov BA. Domnich V. Gogotsi Y.

Espinosa HD. Zhu Y. Fischer M. Hutchinson
J.
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317

323
331

341
348

355
361

Stress wave interference effects during fracture of silicon micromachined speci-
mens

Mixed-mode failure of thin films using laser-generated shear waves

Dynamic torsion testing of nanocrystalline coatings using high-speed photography
and digital image correlation

Strain measurements in the nanometer range in a particulate composite using
computer-aided moire

Processing and characterization of epoxy/clay nanocomposites

Elastic moduli of the piezoelectric cochlear outer hair cell membrane

Process pathway inference via time series analysis

Fitzgerald AM. Kenny TW. Dauskardt RH.

Wang J. Sottos NR. Weaver RL.
Barthelat F. Wu Z. Prorok BC. Espinosa HD.

Sciammarella CA. Sciammarella FM. Kim T.
Daniel IM. Miyagawa H. Gdoutos EE. Luo JJ.

Spector AA. Jean RP.
Wiggins CH. Nemenman [.

Experiments in Fluids

35(1) 2003

24
32

41

49

58

70

85

92
100

112

An aqueous low-viscosity density- and refractive index-matched suspension sys-
tem

Improving small laser light sheets by means of a diffractive optical element
Polymer drag reduction with surface roughness in flat-plate turbulent boundary
layer flow

Schlieren measurement of axisymmetric internal wave amplitudes

Time-space characteristics of stratified shear layer from uvp measurements

Fluorescence depolarisation monitoring of liquid flow before and after exiting a
slit nozzle

Intensity broadening of internally reflected laser beam from a meniscus formed in
a capillary pore - applied for automated liquid column height measurements
The influence of sidewall cooling on boundary layer pressure fluctuations for a
two-dimensional supersonic nozzle

Experimental measurements and computational modeling of the flow field in an
idealized human oropharynx

The development of high-speed particle image velocimetry (20 khz) for large eddy
simulation code refinement in bluff body flows

Evaporation characteristics of the 3-pentanone-isooctane binary system
Experimental study on interfacial area transport of a vertical downward bubbly
flow

Simultaneous air/fuel-phase piv measurements in a dense fuel spray

Bailey BC. Yoda M.

Peters F. Grassmann A. Schimmel H. Kley B.
Petrie HL. Deutsch S. Brungart TA. Fontaine
AA.

Onu K. Flynn MR. Sutherland BR.
Lusseyran F. Izrar B. Audemar C. Skali-lami
S.

Quintella CM. Musse APS. Goncalves CC. Mc-
Caffery AJ.

Kihm KD. Pratt DM.

George AH. Amin MR.
Heenan AF. Matida E. Pollard A. Finlay WH.
Williams T'C. Hargrave GK. Halliwell NA.

Davy M. Williams P. Han D. Steeper R.
Hibiki T. Goda H. Kim S. Ishii M. Uhle J.

Driscoll KD. Sick V. Gray C.

Fatigue & Fracture of Engineering Materials & Structures

26(8) 2003

663
675
683
695
711
715
719
731

741

Three-dimensional effects on fatigue crack closure in the small-scale yielding
regime - a finite element study

The effect of material hardness and mean stress on the fatigue limit of steels
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