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ABSTRACT 

This study asks if there has been a change in graduate student socialization in the 

biological sciences given the increased commerciaUsm of life sciences. Drawing on the 

work of Steven Brint (1994) and Sheila Slaughter and Larry Leslie (1997) and Sheila 

Slaughter and Gary Rhoades (2004), this study asks if graduate student socialization has 

shifted emphasis from the social and moral dimensions of work (social trustee 

professionaUsm) to the practical, technical, and commercial dimensions (expert 

professionalism). 

Building on the survey results of the Acadia Project (Swazey, Louis, & Anderson, 

1994; Louis, Anderson & Rosenberg, 1995), this qualitative study uses interviews with 

25 graduate science students at two A.A.U. research universities that have been heavily 

involved in academic-industry relations to see how the students were professionally 

socialized throughout their educational careers. The student configuration compares 

males and females, U.S. and international students, and those fiinded by the government 

versus those receiving at least partial support from industry. It uses critical 

professionalization theory as a framework. 

The study found that students' career goals and values were usually set before 

graduate school primarily by females in non-elite institutions, such as community 

colleges, women's and liberal arts colleges, and non-flagship state universities. Also, 

university science faculty tend to continue to socialize students-even those planning to 

go into industry-for the professoriate, as their prestige is based on placing proteges into 

other elite schools. U.S. females and most students going into academics or goverrmient 
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labs had the values of social trustee professionals while those going into industry held 

those of expert professionals. The former were more likely to recognize situations 

involving conflicts of interest or commitment. Almost all the students were disillusioned 

by the grants and promotion and tenure systems. They feel both tend to erode scientific 

norms. Both also require mentors to maintain large labs. International students tend not 

to get training in research ethics. 

In the conclusion, recommendations are made about recruiting more students into 

science careers, changing the mentoring and grants processes, and requiring ethics classes 

and work in undergraduate labs. 
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CHAPTER I: STATEMENT OF THE PROBLEM IN CONTEXT 

PART 1: CONTEXT 

Academic Capitalism 

During the past three decades there has been a proliferation of AIRs-Academic-

Industry Relations-as a result of a globalized U.S. economy, the decline of government 

funding to higher education, the success of university biotechnology and computer 

research, and government changes in patent policies which have let elite research 

universities transform faculty discoveries into intellectual property. 

These events have initiated what Slaughter & Leslie (1997, p. 8) term "academic 

capitalism" which involves the public universities and their faculties, not just in 

competing for external funds, but in such for-profit activities as patenting and licensing of 

academic research discoveries, negotiating licensing agreements and royalty payments, 

arranging for faculty consulting, and setting up spin-off companies, arms-length 

corporations and research parks. Industry grants also support graduate student research 

projects. U.S. and state governments continue to promote this expanded role of the 

viniversity to enhance U.S. economic competitiveness. 

However, writers such as Bowie (1994) and Feller (1997), express skepticism about 

the economic effectiveness of technical transfer activities at universities. Not only have 

such activities not fueled U.S. economic recovery, but also Feller (1997) claims technical 

transfer offices may not be making much profit or even breaking even; instead, the costs 

of technical transfer are being shifted to the public. And Feller (1997, p. 15) points out 

that industry funding for university research may not materialize when the U.S. economy 

experiences a downturn. Nevertheless, other writers see technology transfer as a vital 

addition to the current university missions of research, teaching, and public service 

(Anderson, 2001). 
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The major problems for elite research universities in this new environment have been 

to maintain traditional academic values, such as basic research, academic freedom, liberal 

education, and the pursuit of disinterested knowledge as well as to carry out its various 

mission goals in a balanced way. Among the latter instructional goals is the professional 

socialization of graduate science students. Weidman, Twale, & Stein (2001) define this as 

the bidirectional processes through which individuals gain the knowledge, skills, attitudes, 

language, norms, and values necessary for successful entry into a professional career. 

During these processes the students undergo a gradual transformation based on their 

perceptions of a professional role model. Therefore, effective faculty mentors and 

advisers are crucial. Many of these students will be interacting with faculty who 

participate in AIRs and entrepreneurial activities. 

Problems Associated with AIRs and Professional Socialization 

Some of the problems identified with university-industry collaborations affect the 

professional socialization of graduate science students. For instance, academic capitalism 

has caused the stratification of faculty, departments, and universities (Rhoades, 1998). 

Entrepreneurial scientific faculty earn the highest salaries, their departments get the most 

resources, and only elite flagship universities can get significant external funding. And 

entrepreneurial university faculty is now faced with many situations that pose potential 

conflicts of interest or commitment for them (Campbell, 1995; Campbell & Slaughter, 

1999). Brint (1994) notes that science professionals-whether in academia or not-are also 

stratified according to the value of different kinds of expert knowledge and skills. 

A primary function of professional socialization is to instill in graduate students 

the norms and values appropriate for professional occupations. However, researchers 

disagree about the nature of scientific norms and values. Traditional scientific norms are 

ascribed to Robert Merton (1942, p. 116) and involve objectively and publicly evaluating 
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other scientists and their findings, freely sharing all new discoveries, and separating 

research from personal motives. Mitroff (1974), however, discovered that when scientific 

problems are ill-defined, scientists tend to adopt countemorms which are exactly the 

opposite of Merton's norms: particularism (judging other scientists and their findings by 

their personal reputations), secrecy regarding discoveries, self-interestedness in research, 

and organized dogmatism regarding one's own findings. Other writers, such as Mulkay 

(1976) and Hackett (1990) are also ambivalent about scientific norms, finding them 

socially or historically situated, and not universal principles. Hackett (1990, though, finds 

that university-industry relationships affect the ethical relationships between science 

faculty and their graduate students. 

Value Shift in Academia 

Due to resource dependency, imiversities are tending to adopt values and 

organizational forms from their two external sources of fimding; government, and industry 

(Slaughter, 1993; Croissant & Restivo, 2001). Moreover, Campbell & Slaughter (1999) 

cite authors who claim that serious cases of scientific misconduct seem to have increased 

as the number of AIRs has increased. Anderson (2001) also notes a shift in the values of 

the academic world to a more commercial perspective, one Campbell & Slaughter (1999) 

describe as "a climate where misconduct is increasingly possible." And Anderson (2001) 

cites authors about AIRs who see this shift in values as irreversible. 

Investigators for the Acadia Institute's Project on Professional Values and Ethical 

Issues in the Graduate Education of Scientists and Engineers (Acadia Project) indicate that 

the university students and faculty they surveyed seem to have been experiencing a shift 

in values. For instance, many students did not see norms and countemorms as opposites, 

but as values one can hold simultaneously without contradiction (Anderson & Louis 

(1994). And the professors they surveyed had difficulty articulating norms, suggesting to 
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them that "those in fields where empirical research is commonplace are confused and 

possibly in the middle of a normative paradigm shift. They question the old norms but 

have not solidified new values (Louis, Anderson & Rosenberg, 1995, p. 415)." 

The New York Times published Swazey's Acadia Project results in 1993 (in Glazer, 

1997, p. 2) under the headline, "Her Study Shattered the Myth that Fraud in Science is a 

Rarity." She found ethical misconduct widespread in the four academic fields they 

surveyed, three of which were chemistry, civil engineering, and microbiology. During the 

past three decades there have been a series of sensational cases of scientific misconduct 

that have alarmed the general public (Braxton, 1998). Most of these have been among life 

sciences professionals. More recently, three researchers from Yale Medical School 

released a study showing that conflicts of interest are rampant in biotechnology 

(Bekehnan, 2003) and the Los Angeles Times (Willman, 2004) reported on scientific 

misconduct by five prominent scientists at the National Institutes of Health. 

There is also the problem of "normative evolution" which Feller claims "occurs 

through generational turnover as those socialized in the traditional Mertonian norms retire 

and are replaced by those with a more conmiercial viewpoint (Anderson, 2001, p. 245)." 

This may have occurred in the thirteen years since the Acadia Project, as during that 

period universities tended to hire part-time instructors or to require non-tenured scientists 

to bring in all or part of their salaries through industry grants (Hackett, 1990). Therefore, 

over that period of time there have probably been increasingly fewer tenured faculty 

available to be effective mentors and to socialize students in traditional norms. 

Moreover, this shift to commercialism in the university mirrors the shift Brint (1994, 

p. 73) describes in professions from "social trustee professionalism" which emphasizes 

ethics, altruism, and socially important knowledge, to "expert professionalism" which 
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emphasizes market values and occupational monopoly, autonomy, and the sale of 

expertise. 

Student-Faculty Relationships Affected by Value Shift 

University-industry collaboration already influences the way science faculty 

socialize their graduate students. For instance, it affects their criteria for choosing 

students' research problems and forjudging when their research is complete and 

publishable (Hackett, 1990, pp. 244-248). The pressures on faculty to acquire external 

resources and achieve promotion and tenure and the tendency for universities to adopt 

government and industry values have caused professors to begin favoring accountability 

over autonomy, quantity over quality, efficiency over effectiveness, competitiveness over 

cooperation, and specialization over generalization in conducting research (Hackett, 1990, 

p. 244; Slaughter, 1993; Croissant & Restivo, 2001). These values have also made them 

vulnerable to conflicts of interest. 

In industry-funded alliances, students get short-term ftinding with no guarantee of 

renewal. The company may define the nature of the research or delay publication of the 

findings. The instructor must avoid conflicts of interest regarding any company or 

product in which s/he may have a financial interest. Students working in industry may be 

getting training that is too narrow and specialized. Students may also avoid taking risks if 

they must produce rapid and practical results. Worst of all, students may be treated more 

as convenient labor than as employees or interns (Hackett, 1990). 

Other Trends Affecting Socialization of Graduate Science Students 

Shortage of Faculty Positions 

Traditionally most doctoral science students have been socialized for the 

professoriate. However, the declining number of faculty positions is a problem 

highlighted by a recent study. Golde and Dore (2001) surveyed 4,114 doctoral students in 
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eleven fields that included ecology, molecular/cellular biology, physical sciences, geology, 

chemistry, and mathematics. Two-thirds of the respondents definitely wanted to become 

fiill-time, tenure-track faculty, while a fourth said they might want such positions, even 

though in most fields no more than half of the students will achieve that goal. Moreover, 

Rhoades (1998, p. 131) says the proportion of fiill-time faculty declined fi-om slightly 

more than 78% of the senior instruction work force in 1970 to about 57% in 1994. 

Underrepresentation of Women in Science Fields 

Weidman, et al., (2001, pp. 43-46) claim that there is currently an 

underrepresentation of women students and faculty in science fields, especially in 

physics, mathematics, computer science, and engineering. And, although women are 

enrolling in many graduate science fields in increasing numbers, they still comprise only a 

small fi-action of faculty positions. Female graduate science students, therefore, have 

disadvantages in the socialization process. They have more difficulty than males in 

acquiring role models and prestigious mentors. They also miss out on the valuable peer 

advice available in the "male locker-room network." 

Writers such as Belenky, et al., (1986), Fox (1991,1999), Maher and Tetreault 

(1994,1996) and Keller (1985,1991) claim that women have different ways of learning 

and approaching science than men do. Women's learning style may be "connected" or 

collaborative, whereas men's is "separate" or individual (Borgotta & Borgotta, 1992). 

Feminists have also criticized all aspects of science, as its ontological, epistemological, 

methodological, and axiological foundations are not neutral but gendered (Lincoln, 1989). 

Moreover, male values are present in all aspects of research: the choice of a problem and 

framework, methods for collecting and interpreting data, and application of the findings. 

For instance, Keller (1985) has highlighted the significance of the masculine metaphors 
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and models men use in conducting scientific research, such as visualizing phenomenon as 

being hierarchical like line-staff charts. 

Witz notes that women have been historically marginalized in the professions by 

exclusionary devices. These are still evident in "gate keeping" faculty and courses and the 

"hidden curriculum" which exist in many departments. Powerful male faculty continue to 

control departmental admissions, assistantships, post-doctorates, publishing 

opportunities, government grants, mentorships, and career networks. They also have 

unacknowledged behavioral expectations which tend to be gendered (Subramaniam & 

Wyer, 1998). Perhaps for many of the above reasons, Anderson & Louis (1994) report 

that the females they surveyed for the Acadia Institute were more likely to subscribe to 

traditional scientific norms and less likely to subscribe to countemorms than the males. 

Overrepresentation of International Students 

In contrast, foreign students are highly represented in graduate science departments 

in both the student, postdoctorate, and faculty categories and tend to get valued research 

assistantships and to work with elite faculty on research projects. Professors recruit them 

to raise the quality of their departments (North, 1995; Burd, 2002). NSF's Science and 

Engineering Indicators - 2004 ("Overview," pp. 8-10) reports that foreign students now 

comprise close to 30% of all science and engineering (S&E) graduate students, their 

enrollment increasing from 70,200 in 1983 to 133,300 in 2001. In the same period the 

enrollment of native students in S«feE fields declined by 10% and between 1977 and 2001 

native students' share of S&E doctorates dropped from 77% to 59%. 

The socialization problems of foreign students may involve cross-cultural 

misunderstandings. A number of writers also feel that these students may have different 

ways of learning and thinking (Stewart & Bennett, 1991, pp. 41-44; Trompenaars & 

Hampden-Tumer, 1998). For instance, some cultures value being in harmony with the 
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environment, rely on indirection in communicating, and use relational rather than 

analytical thinking. The Acadia Project (Anderson & Louis, 1994, pp. 290-293) found 

that male international students tend to subscribe to scientific countemorms while female 

foreign students (like their U.S. counterparts) were more likely to support traditional, 

Mertonian norms, indicating that perhaps the females entered with different value 

systems. 

Moreover, the Acadia Project investigators suggest that international students do not 

experience the same sense of solidarity with their student cohorts as the typical U.S. 

student and therefore need better socialization in normative issues (Anderson & Louis, 

1994). This is particularly significant, as many international science students obtain 

tenured faculty positions and would tend to inculcate countemorms. And writers, such as 

North (1995), Varma (1999, p. 3), and Rubin (1995), feel that the government, industry, 

and universities have so many highly talented foreign students and workers to select from, 

they have neglected to develop, finance, and recruit native students, especially women 

and minorities, and have failed to make major efforts to reform science and mathematics 

education in the public schools. 

Universities Monitoring Scientific Misconduct 

In this environment of potential scientific misconduct, the government sees 

universities as the most effective monitors of research conduct, as they control 

laboratories and resources, staff appointments, and promotion and tenure hearings 

(Steneck, pp. 77-78). However, Campbell & Slaughter (1999, p. 273) point out that 

imiversities are in a conflict of interest situation, as they are supposed to be monitoring 

university-industry collaborations, but are actually promoting them, primarily to obtain 

discretionary revenue represented by the indirect costs they obtain on government grants. 
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Indeed, in 1989 NIH felt it could no longer count on graduate science students being 

informally socialized in scientific ethics, so it required xmiversities to provide ethics 

training for any students receiving governmental research funding (McGee, 1996; Bird, 

1999). However, various writers, such as Bird (1999) see such efforts as somewhat futile, 

as standards are non-existent, curricula are already overtaxed, and faculty are not only 

untrained in teaching ethics, but are likely to give students conflicting signals with their 

own research styles. Some experts even question whether it is possible to teach ethical 

behavior. And, in fact, the Acadia Project (Anderson & Louis, 1994, p. 291) reported that 

the values of most of the graduate students they surveyed were "relatively fixed at the 

point of entry." 

In summary, in research universities we now have graduate science students being 

socialized in an environment of academic capitalism, a climate where misconduct is 

increasingly possible, where both faculty and students in the early 1990s expressed 

ambivalence about traditional norms, and where faculty steeped in traditional scientific 

ethics may have been gradually replaced by faculty with a more commercial viewpoint. 

And the government which initiated this market climate in universities is now vainly 

attempting to revive traditional scientific norms and ethics. 
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PART 2: RESEARCH STUDY QUESTIONS AND PROPOSITIONS 

Questions 

This study, therefore, will attempt to answer the following primary question; 

How does the participation of graduate science students in universities which have AIRs 

(academic-industry relationships) influence their professional socialization? 

Sub-questions to be addressed are: 

1. Are graduate science students being socialized toward industry or academe? 

2. Are there different socialization patterns for those going into industry versus 

those going into academe? 

3. Are students being trained to enter the "strategically valuable" career model in 

which professors and their former students form tight networks, which allow 

them to move back and forth between industries and universities, often 

significantly, influencing the policies of each? 

4. Does socialization vary for females and international students? 

Propositions; 

1. In an atmosphere of academic capitalism students will tend to be socialized toward 

industry and business values. 

2. Those planning to go into industry will experience different patterns of socialization 

from those going into academics. 

3. In an atmosphere of academic capitalism students will be encouraged to plan for 

"strategically valuable" careers whereby they can later exchange places with former 

mentors. 

4. Socialization patterns will be different for female students and international students. 
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Significance 

This study notes that three trends have converged over the last several decades: the 

slow incursion of commercial values into academe due to AIRs, public concern about 

scientific misconduct committed by scientists, and the contention of critical 

professionalization scholars such as Brint (1995) that there has been a shift from social 

trustee professionalism, which emphasizes ethics, altruism, and socially important 

knowledge, to expert professionalism, "the expertise that is translatable into profit, 

prestige, control of major environmental uncertainties, and/or improved managerial 

effectiveness (p. 73)." 

These trends raise concern about how graduate science students are being socialized 

into science professions, as in these roles they will both socialize fiature professionals and 

significantly influence the fiiture of science and technology. If current trends persist, a 

larger proportion of native and international male students will acquire tenure-track 

academic positions where they will perpetuate non-traditional norms. 

Another disturbing factor is the powerfiil networks which entrepreneurial scientists 

and their former students create (Slaughter, et al., 2001). They often enter "strategically 

valuable" types of careers in which they move back and forth between industries and 

universities (and perhaps even important governmental agencies), influencing the policies 

of each and perpetuating commercial perspectives and values. 

This study adopts the assumption of Fox and Braxton (1999) that society is the 

client of science professionals according to 

.. .the "socid contract for science"-an arrangement outlined by Vannevar 
Bush in his 1945 work. Science: The Endless Frontier, whereby the federal 
government provides fimds for basic research and scientific training in 
academia and agrees not to interfere with scientific decision making in 
exchange for unspecified benefits to public good expected to result (p. 315). 
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Current students probably have difficulty being exposed to traditional scientific norms in 

an enviroimient in which university research is controlled by government or corporate 

interests and faculty face serious conflicts of interest and commitment (Slaughter & 

Rhoades, 1985; Feller, 1999; Louis, Anderson & Rosenberg, 1995). 

Golde and Dore (2001, p. 17) emphasize the importance of traditional norms and 

values, which they feel, do not seem to be successfiilly transmitted through the university 

socialization process. And Fox's comments (1999) on the significance of gender in science 

also apply to the training of those in scientific fields: 

.. .science is an agent of power, with consequences for the present and future 
human condition. Grounded in abstract and systematic theory and rationality, 
science is a prototype of professional claim to "authoritative knowledge".... 
To be in control of science is to be involved in directing the future, and this is 
highly valued (pp. 442-444). 

The National Academy of Sciences, the National Academy of Engineering, and the 

Institute of Medicine in their second edition of On Becoming a Scientist: Responsible 

Conduct in Research. (1995) underscore the troubling situation caused by academic 

capitalism and the importance of traditional scientific ethics to society: 

Even scientists conducting the most fundamental research need to be aware 
that their work can ultimately have a great impact on society. Construction of 
the atomic bomb emd the development of recombinant DNA-events that grew 
out of basic research on the nucleus of the atom and investigations of certain 
bacterial enzymes, respectively-are two examples of how seemingly arcane 
areas of science can have tremendous societal consequences (p. 20). 

Indeed, there is growing concern on the part of the general public about whether 

scientists need to be more concerned about the implications of their discoveries. Emily 

Martin (1998) expresses this well in describing science as "meaningful social action-and 

as an important part of the institutions that are exerting particularly brutal forms of 

power in the contemporary scene." She elaborates: 



24 

Scientific institutions are implicated in large-scale political economic forces that 
can be universal in their scope and that are often damaging in their effects. These 
forces involve the increasing concentration and mobility of capital... 
restructuring of the organization of work.. .vast alterations in how information 
is stored and retrieved and the focus on genetics in biological and medical 
research (p. 23). 

This study will investigate an aspect of university-industry collaborations which has 

not been examined before. Although staff of the Acadia Institute Project focused their 

survey on the ethics of graduate students, many of whom were in science fields, and even 

interviewed some of them, they did not investigate the influence of university-industry 

collaborations on graduate science students' professional socialization (Slaughter, et al., 

2001, p. 1). Moreover, in their survey of doctoral students (Anderson, Louis, & Earle, 

1999) they concluded: "These findings are clearly preliminary in the sense that we have 

sampled only four disciplines and have not collected the kind of qualitative data that 

would permit us to examine the socialization process in a detailed way (p. 226)." 

And Anderson, (2001, pp. 245-246), in analyzing recent studies of academic 

capitalism points out the fact that its "effects on students, not only graduate students 

who may have research-based ties with industry, but also undergraduates, have not been 

fully explored." She also notes that no one has examined student entrepreneurship, a 

phenomenon associated with university-industry ties. And Braxton, in his conclusion to 

Perspectives on Scholarly Misconduct in the Sciences (1999), impUes that the 

responsibility for fostering professional self-regulation in scientific conduct lies in the 

socialization processes of graduate education. 
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This study is building on two previous studies funded by the National Science 

Foundation. One is the frequently mentioned Acadia Institute's "Project on Values 

Training and Ethical Issues," directed at the University of Mirmesota by Drs. Swazey, 

Anderson, and Louis. Their surveys documented whether students subscribed to 

Mertonian norms or to countemorms, how much exposure they and their faculty 

members had to scientific misconduct, and how much their respective departments and 

disciplines contributed to scientific misconduct. The second involved a series of 

interviews collected and transcribed by Dr. Teresa Isabelle Daza Campbell from 40 to 50 

faculty and administrators at major research universities in Texas, California, Arizona, 

North Carolina, and Massachusetts where they had been involved in imiversity-industry 

collaborations. 

Purpose 

The goal of this study, therefore, is to examine the effects of imiversity-industry 

collaborations and academic capitalism on the professional socialization of graduate 

science students in order to identify points in this bidirectional process which seem to be 

the most critical times for students to engage in independent research and to be exposed to 

traditional scientific and academic norms. Through interviews the researcher wants to 

gather a picture of each student's gradually evolving concept of the profession and his/her 

career goals and ethical viewpoints regarding such things as objectively evaluating other 

scientists and research, a disinterested search for truth, common ownership of intellectual 

property, avoidance of conflicts of interest, credit for authorship, full sharing of findings, 

and willing collaborations. The study may indicate that new approaches to the problem 

are called for, such strategies as: 
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• Direct and more equitable funding of student research projects at both the master's 

and doctoral levels, fimding that is neither corporate sponsored nor tied to faculty 

grants but ideally focused on crucial social needs not likely to be addressed by the 

business world. 

• Increased efforts to improve scientific training starting at the K-12 level for native 

students, particularly women and minorities. 

• More emphasis on training and rewarding effective faculty mentors. 

• Increased emphasis on scientific ethics and norms beginning at the K-12 level. 

A final consideration is a 2004 article by Smallwood that cited studies indicating that 

the attrition rate for Ph.D. programs in the U.S. is 40% to 50%, a huge waste of time and 

talent. Smallwood also cited a study by Diffley that foimd little to no academic 

differences between completers and non-completers. This study may also identify ways 

the socialization process could improve this problem. 
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CHAPTER II: REVIEW OF LITERATURE 

PART 1: HISTORY OF AIRs (ACADEMIC-INDUSTRY RELATIONS) 

Early AIRs in Response to the Needs of Industry 

There has been a long history of academic-industry relations. Anderson (2001, pp. 

226-227) defines an AIR-an Academic-Industry Relation-as "an exchange of resources, 

ideEis, or influence between some unit within a university (possibly even an individual) 

and some for-profit entity or subunit thereof" This encompasses such activities as 

university-industry (U-I) partnerships; technology transfer; spin-off companies which 

commercialize faculty inventions; patenting and licensing of academic research and 

development (R&D); research parks; and faculty consulting. 

Although partnerships between universities and industries have greatly expanded 

since the early 1980s, such collaborations have been both frequent and significant 

throughout the history of higher education (Slaughter & Rhoades, 1993; Nelkin, Nelson, 

& Kieman, 1987; Anderson, 2001; Feller, 1997). For instance, David Noble, va America 

by Design (1977) chronicles the role corporate engineers, particularly electrical and 

chemical, played between 1860 and 1930 in reorganizing higher education, utilizing 

science and technology to bolster U.S. industry and capitalism, and creating a professional 

monopoly for themselves: 

The professionalization of engineering and the establishment of engineering 
education as a recognized branch of higher learning forged a link between the 
corporation and the university that remains unbroken to this day (p. xii). 

Etzkowitz (1989) notes that land grant colleges were set up in the 1860s specifically 

to work in concert with industry, agriculture, research, and education. And Noble (1977) 

further explains that by the turn of the century, industries had become science-based after 

major firms set up research and development (R & D) labs, systematic patent procedures, 

and technical training programs. However, since expensive R&D labs were located only 
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in the largest companies and could not produce a sufficient volume of new knowledge, 

industry had to look elsewhere. 

Noble (1977) describes an Industrial Fellowship system introduced at he University 

of Kansas in 1907. If an industry supported a research fellow in the university labs for 

two years, it could design the fellow's research project, oversee the publication of the 

findings, and claim patent rights. The company could also utilize the university's library 

holdings and consult with faculty. The university gained by having the fellow teach for 

three hours a week and by having interaction with industry. Similar programs were begun 

at other universities and many faculty did private consulting for industry. While such 

cooperation was supported by companies, the engineering profession, and technical-

school educators fi-om about 1906 on, industries desired to reorient higher education to 

better meet its needs (Noble, 1977). 

Industry had a hidden agenda. AIRs were common at the Massachusetts Institute of 

Technology (MIT) in the early decades of the twentieth century. In 1913 after MIT 

received a research library collection and a grant of $50,000 for five years fi:om AT&T, 

one of its administrators commented: 

As a consequence of the research contributions.. .[we are able to] put the 
more important problems before graduate students and research assistants, 
who can prosecute their researches diligently and efficiently, under systematic 
and businesslike supervision, which not only enables these advanced students 
to be trained to higher effectiveness, but also enables their enthusiasm to be 
directed to definite ends. (Noble, p. 139) 

Due to a financial crisis in 1917, MIT launched a campaign to raise fiinds through 

partnerships with industries, a strategy copied by other universities. At that time these 

collaborations were seen as mutually beneficial, but Noble (1977) claims higher education 

soon began training students to fit industrial specifications and producing scientific 

research to increase corporate profits and power, the costs and risks falling on public 
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taxpayers. By the beginning of the twentieth century corporations were hiring large 

numbers of college graduates and wanted engineering classes to reflect the real world of 

industry and to include training in management and leadership. 

In 1905 students enrolled in a six-year program at the University of Cincinnati for 

mechanical, civil, and electrical engineering training alternated weekly between industry 

and the classroom. In a similar program at MIT each selected student was trained by an 

industry. Cornell and Purdue also started job placement systems, recommending students 

who were loyal, efficient, and adaptable. During and after World War I, the government 

put industrialists in charge of coordinating national training efforts which permitted them 

to influence the teaching and curriculum of engineering programs (Noble, 1977). 

Recent Changes in U.S. Policies Affecting AIRs and Academic R&D 

Shifts in Sources of Funding and Priorities 

According to the National Science Foundation (NSF), federal government support for 

academic R&D began to increase dramatically during and after World War II and up 

through the cold war, its proportion hitting a peak of 73% in the mid-sixties before 

beginning to diminish gradually (Science and Engineering [S&EJ Indicators 2000). During 

this period universities were expanding and elite graduate science students pursued careers 

in universities instead of in industry (Bowie, 1994). Also during this period academic 

R&D was conducted by scientists who could not only control the distribution of grants 

through peer-review, but also set their research agendas and count on long-term 

government-agency funding and minimal oversight. Most of their fundamental research 

was directed toward wirming the cold war and eliminating diseases (Slaughter and 

Rhoades, 1996; Bowie, 1994; Etzkowitz, 1989). 

When the cold war ended and hospital and health care were privatized, this 

comfortable arrangement for academic R&D changed. By the 1980s, a globalized 
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economy, the resulting loss of the U.S. hold on world markets, the success of university 

biotechnology research, the decline of government funding to higher education (Bowie, 

1994, p. 19), and governmental changes in U.S. patent policies combined to initiate what 

Slaughter and Leslie (1997, p. 8) term academic capitalism. These authors say the latter 

involves public universities and its faculties, not just in competing for external funds, but 

in such for-profit activities as patenting inventions, arranging for royalties and licensing 

agreements, setting up spin-off companies and arms-length corporations, and recruiting 

high-tuition-paying foreign students. 

In other words, between 1969 and 1989 government policy changed from protecting 

public institutions from market involvement to promoting such involvement (Slaughter & 

Rhoades, 1993). Indeed, in 1985 an AAU president told Congress that it had been too 

long since faculty and students had been sufficiently exposed to the needs and values of 

industry (Slaughter, 1993, p. 290). 

By the 1980s funding for higher-education R&D from both the federal and state 

governments was down when considered in constant dollars per enrolled students, 

especially for unstipulated block grants (Slaughter & Leslie 1997). The federal 

government was concentrating its funding in entitlement programs, such as public 

education, health care, social security, and in debt reduction and military expansion. States 

were also exhausting their budgets on public welfare programs and many were 

experiencing fiscal crises. Both governments were also shifting funding to efforts at 

economic development which involved higher education (Slaughter & Leslie, 1997). 

According to NSF's S&E Indicators -2004 (Academic R&D Highlights, p. 1), in 2002 

U.S. academic institutions spent approximately $33 billion (in constant dollars) for R&D. 

Of that, the federal government provided 58.6% ($19.0 billion); institutions 20.7% ($6.7 

billion); state and local governments 6.8% ($2.2 billion); industry 6.5% ($2.1 billion); and 
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other sources 7.4 % ($2.4 billion). In 2002 three federal agencies provided over 80% of 

the federal academic R&D: National Institutes of Health (NIH), 66%; NSF 12%; and the 

Department of Defense eight percent. The top 100 research and doctorate-granting 

institutions continue to receive almost 80% of federal fimding. Between 1975 and 2001 

shares of funding increased for engineering and life and computer sciences. In 2002 about 

74% of academic R&D funds were spent on basic research, 22% for applied research and 

four percent for development (S&E Indicators -2004, Highlights, p. 2). 

Government Initiated AIRs 

Corporations wanted the government to sponsor commercial R&D in research 

universities and government labs. Bowie (1994) chronicles such developments. In the 

1980s NSF funded Industry-University Cooperative Research Centers (lUCRCs), 

interdisciplinary teams of professors and industry representatives working on industry-

relevant, fimdamental research projects. Feller (1997), Slaughter, et al. (2002, p. 283) and 

Rogers, et al. (1999, p. 688) all cite a 1990 survey by Cohen, Florida, and Goe which 

identified 1,056 centers at 200 universities which included 12,000 professors and 22,300 

doctoral-level researchers and utilized total funds of $4.12 billion. Rogers, et al., claim this 

survey only covered approximately half of such centers. Through the 1980 Stevenson-

Wydler Technology Act £ind a 1986 amendment, private corporations in these centers 

could gain exclusive rights to patents while the universities and faculty inventors could 

receive royalties. 

In 1985 the NSF created state lUCRCs that placed greater emphasis on commercial 

research and product development to enhance local and regional economic development. 

During the 1980s states also began funding university R&D centers to enhance regional 

and local economies. Examples are the Michigan Industrial Technology Institute, 
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Pennsylvania's Ben Franklin Partnership Program, and Utah's Centers for Excellence 

(Bowie, 1994). 

Centers were also fostered by groups such as the Govemment-University-Industry 

Roundtable, sponsored by the National Academy of Sciences, National Academy of 

Engineering, and the Institute of Medicine. This group set up a model agreement for AIRs 

which recommends that researchers delay publication so universities can apply for 

patents, that universities file for patents when industry requests it, and that universities 

give industries first option for licenses on discoveries (Bowie, 1994). 

Patent Reform 

The U.S. economy became globalized due to increased competition fiom Pacific Rim 

countries and multinational conglomerates. Both government and industry felt the need to 

commercialize the basic R&D that remained confined in federal and university research 

labs and wanted to give universities financial incentives to transfer technology to 

industry. Corporations simultaneously became interested in university research in such 

highly profitable academic fields as biotechnology, computers, lasers, materials science, 

pharmaceuticals, and robotics (Slaughter, 1990). Patent reform and government support 

for AIRs followed (Bowie, 1994; Etzkowitz, 1989; Feller, 1997; Slaughter & Rhoades, 

1996). 

Through World War II and the 1960s the government either kept ownership and 

patent rights to discoveries it had fionded or maintained the right to use any invention it 

let an inventor patent. In 1963 the Department of Health, Education and Welfare and NSF 

let universities retain patent rights (Bowie, 1994). Slaughter and Rhoades (1996) chronicle 

subsequent rapid changes in patenting law. In 1980 the Bayh-Dole Act gave universities 

patent rights to faculty discoveries even when they were made with government grants. 

Patent protection has been increased and in 1980 the Supreme Court's ruling in Diamond 
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V. Chakrabarty allowed patenting of genetically modified life forms. Science and 

Engineering Indicators-2004 notes that the number of academic patents has risen to more 

than 3,000 per year and university gross income from patenting and licensing in 1997 was 

$483 million. 

The 1984 National Cooperative Research Act gave antitrust status to R&D joint 

ventures and consortia and allowed govemment-industry-university funding of R&D such 

as that for Sematech. And the Orphan Drug Act of 1983 provided industry incentives for 

developing drugs for rare diseases: firms were allowed a 50% tax credit on the cost of 

conducting clinical trials and granted the exclusive right to market products for seven 

years. Patent protection is still being pursued. The Association of American Universities 

urged the Senate to pass the "Create Act" {S2192) which would permit universities and 

companies to patent inventions on which they collaborate, so long as they sign a formal 

agreement before the invention is created (Foster, 2004). 

University Responses to Changed Policies 

After the patent law reforms, university administrators began to set up technology 

transfer offices to deal with patenting and Ucensing of faculty inventions, to clarify 

ownership of intellectual property, to set up conflict of interest policies, to limit 

publication delays, and to devise ways to divide subsequent royalties and revenues. 

Writers define technology transfer in various ways. Rhoades and Slaughter, in 

"Professors, Administrators, and Patents" (1991, p. 65), defme it as "the movement of an 

idea from the laboratory of a professor to the development of a commercial product." 

Rogers, et al. (1999, p. 689) say that technology is "information put into use in order to 

carry out some task" while technology transfer is "a technological innovation, an idea 

perceived as new by an individual or organization." 
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Some writers, such as Slaughter and Rhoades (1996) and Etzkowitz (1989, p. 17) 

tend to see economic development as a new addition to the university's traditional 

mission of teaching, research, and public service. Technology can be transferred through 

such activities as faculty consulting, industrial associates' programs, research consortia, 

university-industry-govemment centers, research partnerships, for-profit corporations 

set up by imiversities to exploit the findings of their faculty, patenting and licensing of 

inventions, research parks, spin-off companies based on academic research, engineering 

research centers, and publications, classes, and conferences (Bowie, 1994; Feller, 1997; 

Anderson, 2001). However, both Feller (1997) and Branscomb (1997) feel the most 

important catalysts for technology transfer are new Ph.D.'s who take jobs in industry. 

The Association of University Technology Managers (AUTM) claim technology 

transfer has been effective. Their 1998 survey reported a $34 billion economical impact, 

280,000 jobs, 11,784 technology disclosures, 4,808 new patent applications, 3,224 

patents from previous filings, 3,668 facilitations of new licenses and options with 

industry partners, 364 new companies, 79% of which are in proximity to an academic 

institution, and 17,088 licenses. 

AUTM's 2001 Survey (Blumenstyk, 2003) claims U.S. colleges and universities 

collected more than $827 million in royalties and other fees from licenses and inventions 

discovered by university researchers. Participating universities filed 9,454 U.S. patent 

applications, negotiated and executed 3,300 licenses, and created 402 start-up companies 

from these university inventions. Highlights of the AUTM 2003 Survey indicate some 

slowing of these growth patterns and a decrease in the rate of new startups, which they 

attribute to difficult economic conditions, or the maturing of the technology transfer field. 

Erich Kunhardt of the Stevens Institute of Technology, in an editorial in The New 

York Times (December 14, 2004), cites the fact that the nation's share of its own patents 



35 

has fallen steadily and is now 52% and claims that "academic entrepreneurship" has not 

become a mainstream mission of academia which needs to add a third element to its 

current missions of teaching and research: inventing. 

Nevertheless, back in 1997 Feller noted that the elaborate technology transfer 

infrastructure in universities (AUTM) needed to better justify itself. Feller claims that the 

opaqueness of university accounting systems obscures the real costs of technology 

transfer. He and Bowie and other writers cite studies which question its real impact. 

Advantages of AIRs 

Among the various advantages Bowie (1994, pp. 47-48) feels industries gain from 

I-U collaborations are employee training, a first look at research findings, right of first 

refusal for exclusive licenses, exclusive access to a relevant field, familiarity with students, 

and the use of expensive public facilities and faculty expertise. Some universities may also 

provide inexpensive space in research parks or venture capital for small enterprises. 

Bowie (1994, p. 48) cites a study which indicates that 80% of tech-transfer programs are 

initiated by universities which benefit from patent royalties, industry grants, fees for 

company memberships in cooperatives, potential placement for graduates, funding for 

research and graduate and post-graduate students, and input on industry training needs. 

Research grants from industry include funds to cover university overhead or indirect 

costs. These can be utilized as discretionary fimds to retain and recruit new faculty and to 

upgrade equipment. 

Industry grants also fund graduate and postdoctoral student research projects. Some 

scientists from industry may teach part-time (Fairweather, 1989). Slaughter and Leslie 

(1997) see such benefits for universities as: relations with external groups; individual 

prestige; spillovers to research and teaching; future consulting opportunities for faculty; 

employment for graduates; recruitment of postgraduates; services contributed by project 
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personnel; equipment acquisitions; employment for students; and recruitment of faculty 

or staff from clients. 

Problems Inherent in AIRs 

Expanded Mission of the Research University 

Many writers on AIRs contend that public research institutions have added another 

mission-technology transfer or economic development-to the traditional missions of 

instruction, research, and public service. For instance, Feller (1997, p. 1) claims 

technology transfer is now an accepted and valued part of the core missions. Indeed, 

Wichner (2004) quotes the University of Arizona vice-president for research and graduate 

studies, as asserting "commercializing technology is among the missions of federal land-

grant universities such as the UA and gives students a chance to work on real-world 

problems." 

However, Etzkowitz (1989), Bowie (1994), and other writers worry that universities 

are shifting resources and commitment away from basic research and liberal education. 

And Fairweather (1989) sees irony in the fact that during the 1980s when federal and 

state governments were enlisting university assistance with global and regional economic 

development, the National Science Board was criticizing the state of undergraduate 

science and engineering education. Indeed, university promotion and tenure systems value 

research over instruction and universities are increasingly hiring large numbers of 

part-time faculty, including trained scientists who are expected to bring in the bulk of 

their salaries through grants (Turner 1999; Hackett, 1990). 

Faculty who cannot find venture capital to form spin-off companies may instead 

accept significant equity in a company which is formed to market the discovery. Such 

faculty may later be guilty of conflicts of interest or commitment if they publish 

evaluations favorable to their own products, have their govemment-fimded students doing 
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research in their own companies, or invest inordinate time building up the company 

instead of performing their contractual obligations for the university (Campbell & 

Slaughter, 1999). Universities often have a corporation, limited partnership, or other 

commercial entity to help commercially develop faculty discoveries and keep the 

university and faculty out of business ventures. However, research for the public good-

instead of for the good of business-tends to be ignored (Bowie, 1994). 

Stratification of Institutions, Departments, and Faculty 

Universities tend to be ranked according to the volume of external research ftinding 

they receive. Slaughter (1990) notes that academic R&D is capital intensive and, 

therefore, available only to several flagship universities in each state. Even among these 

elites, the top twenty tend to get almost half of the National Institutes of Health budget 

(Bowie, 1994, p. 91). Bowie (p. 92) quotes Herbert Fusfeld as expressing concern that, 

since the 100 largest research universities received 84% of federal funding for academic 

research in 1982 and performed 83% of all such research, this inequitable distribution 

might decrease the number of outstanding research institutions and increase the gap 

between them and all the rest. 

Moreover, those departments and faculty closest to the market tend to get the lion's 

share of institutional resources. Some faculty who bring in large grants may negotiate 

directly with administrators (Bowie, 1994). According to Turner (1999) university 

administrators have become highly dependent on the indirect funds the university earns 

on government grants, using them as discretionary fimds and distributing them 

strategically among departments and staff to solidify their power. Slaughter and Leslie 

(1997, p. 57) note that faculty in technoscience areas, such as engineering and computer 

and health sciences, were among those receiving the highest salary increases-70% and 

more-between 1983 and 1993. 
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Anderson (2001) and other writers have noted the halo effect surrounding faculty 

who are inventor-entrepreneurs, even when they are not bringing in funds. A corollary to 

this is the marginalization of faculty not close to the market who tend to have to take on 

more teaching, advising, and committee work. Slaughter and Leslie (1997) found that even 

in technoscience fields, those at the lowest ranks-junior faculty, females, and post

doctoral students-tended to feel somewhat ambivalent and insecure about academic 

capitalism. Entrepreneurial faculty, on the other hand, redefine their commercial activities 

as high-status. 

Noble (1977) describes entrepreneurial faculty early in the twentieth century: 
Theirs was a relatively small circle of men whose common vision and purpose 
enabled them to shift easily between positions in industry, the universities, and 
the various scientific bureaus of government. When they met to discuss their 
work, they often did so in the committee rooms of the professional societies, the 
executive offices of the large corporations, or the deans' and presidents' offices 
of the universities (p. 51). 

Slaughter, et al., (2002) find this kind of "revolving door" career still evident today. 

Professionalization of Research University Administrators 

Administrators have distorted the university structure by setting up elaborate units to 

manage the transfer of in-house produced technology. Hackett (1990) describes such 

offices as normally headed by an executive at the vice-president or vice-provost level, 

often with resources and staff equivalent to a small academic department. According to 

Rhoades and Slaughter in "Professors, Administrators and Patents" (1991), in so doing 

administrators have aligned themselves with the corporate class and state elites by 

invoking the myth of economic development for the public good. Nelkin, Nelson, & 

Kieman (1987, p. 73) ask rhetorically whether university officers can be relied on to 

assess the public interest regarding university activities in a sufficiently broad context. 

Administrators are also able to negotiate like CEO's with actual CEOs of corporations, 

yet have no accountability in this role. 
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Croissant and Restivo (2001) describe the evolution of "generic administrators" who 

can operate in any context and strip work roles of status, power, and authority. They 

refer to a study which analyzes the way in which such individuals have recently gained 

organizational power. These administrators claim to solve important organizational 

problems, such as the need to transfer academic technology, creating a dependency 

relationship and subjugating professionals to the control and direction of management. 

Croissant and Restivo (2001) conclude: 

Our expectation is that generic administrators and their managerial strategies 
serve as the conduits for the movement of values and organizational forms from 
the more resource-rich environments of government and industry to the more 
dependent environment of the universities (p. 161). 

Due to resource dependency-the increasing reliance of universities on research 

fimding from the government and industry-universities are incorporating organizational 

features of industries and government: the bureaucratic emphasis on accovmtability and 

efficiency, micromanagement of professionals, and market values. In fact, the object of 

regulation is intellectual property in the form of copyrights, patents, and trademarks 

rather than professional practice (Slaughter, 1993; Croissant & Restivo, 2001). 

Research University Faculty as "Managed Professionals" 

A corollary to the professionalization of administrators is the gradual 

deprofessionaUzation of faculty primarily due to academic capitalism. Rhoades (1998) 

chronicles their transformation. As a result of the Bayh-Dole Act of 1980 faculty no 

longer have rights to their own discoveries. Administrators often have managerial 

discretion in setting their salaries and rewards, especially when these are based on merit or 

external market demands. Technology transfer offices have instituted increased managerial 

oversight of faculty due to concerns about potential conflicts of interest and commitment. 

Faculty are also gradually losing claim to time for outside consulting work. 
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In the 1980s administrators also found they could fire tenured faculty merely by 

restructuring academic programs to reposition the institution to adapt to external markets. 

Such reorganizations have also permitted administrators to hire increasing numbers of 

part-time faculty. According to Rhoades (1998, p. 131), the proportion of full-time 

faculty has declined, from slightly more than 78% of the senior instructional work force in 

1970 to about 57% in 1994. 

Now faculty tenure is being questioned, inasmuch as it is "subsidized with a work 

force that caries heavy loads at low pay (Rhoades, 1998, p. 133)." Turner (1999) and 

Hackett (1990) claim that, due to a recent oversupply of Ph.D. scientists, administrators 

have been able to hire them part-time on the basis that they bring in the bulk of their 

salaries through grants. Administrators also tend to hire and evaluate part-time faculty 

and make decisions about offering instruction through technology, such as the Internet or 

audio-video conferencing. 

Lack of Economical Effectiveness of Technology Transfer 

Slaughter (1990) points out that the public pays for technology transfer several 

times. It either pays for inventions made at public-supported institutions or for tax cuts 

for corporations that invest in R&D. Taxpayers purchase the products but companies 

make the profits. Rhoades and Slaughter (1993) and Slaughter and Leslie (1997) draw 

attention to the fact that faculty entrepreneurs are state-subsidized, cushioned by 

imiversity salaries and resources against the risks of the marketplace. Moreover, not all 

the university's costs are covered by indirect costs on grants and contracts. There is 

equipment wear and tear and legal fees for patenting and protecting patents. Bowie (1994) 

notes that patent defense can be quite costly. 

Bowie (1994) claims AIRs have not really made the U.S. more competitive or 

stimulated economic growth even though companies are being subsidized by the 
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government. Bowde (1994, pp. 65-66) cites 1991 interviews with industry officials who 

claimed universities had not produced any products for them even with multi-million 

dollar grants. These industrialists explained that most technical advances occur in industry 

through incremental improvements to existing products and processes. 

Bowie (1994), Fairweather (1989), and Feller (1997) claim companies actually don't 

want universities to be involved in product development; they want them to train 

scientists in management, commimications, quality assurance, and problem-solving skills 

and to advance the frontiers of knowledge through long-term ftmdamental research. 

However, even though industry says it is reliant on university basic research, their 

proportion of academic R&D remains less than ten percent. And Bowie (1994) notes that 

industry may have to cut funding to universities when there are national economic 

downturns. 

Bowie (1994, p. 28) points out another irony; AIRs are supported by the 

government to promote U.S. economic growth and enhance our competitive positions 

against foreign countries, but these foreign rivals are often forming their own partnerships 

with universities and sending their students to U.S. universities to acquire and take back 

crucial technological skills. 

Writers are also skeptical about whether or not most university technology transfer 

offices are making any money. A 1989 study cited by Bowie (1994, p. 57) showed that 

of the few discoveries that are patentable only one in 100 will make between $20,000 and 

$50,000 and only one in 1,000 would be a real winner. Feller (1997, pp. 10-11) says 

university patents are concentrated in small number of fields-mostly in life sciences-in a 

small number of universities. A small number of patents generate the largest share of 

revenues. Licensing is more unportant to universities, but most of these go to established 

companies to which they would probably have gone anyway. 
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There is also a lag of about seven years between getting a patent and getting income 

from it. In 1994 71% of total royalties from licensing went to only ten institutions (Feller, 

1997, pp. 13-14). Feller (1997, p. 15) concludes that "it is questionable whether many 

offices break even, much less return net revenue," and he quotes some university officials 

as claiming the purpose is not to make profits but to serve academic ends. 

Even NSF's S&E Indicators -2004 (Chap. 5, p. 16) notes, "Because data on costs are 

not available, it is unclear whether viniversities break even or profit from their technical 

transfer activities." Indeed, this biennial report says (Chap. 5, pp. 21-22) that "the 

increase of patenting by universities may be having unintended and possibly harmfiil 

effects on universities, faculty, and the quality and direction of academic research." Some 

of these concerns are the emphasis on research with commercial applications; potential 

Qonflicts of interest for faculty; delayed publication or dissemination of research results; 

high technical-transfer costs, especially patenting; and increased costs for consumers due 

to exclusive licensing agreements. Critics also feel that such technical transfer would occur 

without patenting. 

Erosion of Academic and Scientific Norms 

Communalism, a basic scientific norm, calls for prompt and wide dissemination of 

scientific discoveries. But if a company funds a student's university research and 

considers it proprietary information, it will want to delay publication in order to patent 

it. Companies may also want to delete or suppress information in imiversity research. 

Professors may be asked to evaluate products for companies in which they have equity. 

Or they may ask govemment-frmded students to do work for a company they own. Or 

their involvement in spin-off companies may take precedence over their primary 

university commitments. Or their investments in companies or research may be 

threatened by research in articles or grants they are asked to peer review. And faculty no 
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longer freely share basic research materials, such as cells, bacteria, and antibodies. The 

university is losing its credibility as a source of independent expertise (Feller, 1997). 

Lee (2003) cites several recent histories of university-business connections that 

acknowledge that universities have always been involved in commercial enterprises of 

various types, but they call for a "better balance between the two historical objectives of 

the university: economic development and human development." 

Summary and Implications for this Study 

As indicated from this literature review, the federal government has a history of 

joining with industry in influencing the direction of the nation's universities, particularly 

elite research universities. The various patent reforms that government has enacted have 

given the university ownership of any discoveries made by faculty or students in science 

laboratories. Elite research universities-such as the top 100-gain their rankings and 

prestige from the volume of external grants funding they receive, the intellectual property 

they generate, and the outstanding graduates they place in other elite institutions. 

Although universities have an obligation to monitor any conflicts of interest brought 

about by university-industry relationships, administrators value the discretionary income 

they earn as "indirect costs" on government grants funding. These are based in part on 

salaries for graduate students and post-doctorates who work on the grants. 

Since the government's efforts are focused on improving the economy of the nation, 

grants funding tends to be awarded to research projects that have commercial potential. 

Faculty gain rewards and standing within their institutions by acquiring external grants 

funding and by placing their graduates in prestigious positions. They will tend to seek 

grants for projects which are conmiercially interesting rather than having the potential for 

solving some of society's more significant problems. They can also supplement their 
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salaries by earning royalties, doing consulting for industry, and forming spin-off 

companies for their inventions. 

However, such commercial activity creates the potential for faculty of conflicts of 

interest and commitment. They might find themselves evaluating products for companies 

in which they have a significant amount of equity. They might have govemment-fimded 

students doing work for companies they own or in which they have equity. They also 

might ask their students to delay the publication of their dissertations until a finding can 

be patented. Faculty might also find it difficult to adequately perform their contractual 

obligations to the university. One of these obligations is to professionally socialize 

graduate students. This ideally involves them in informally transmitting to students the 

norms and ethics of scientific research. 

Because of the effort involved in acquiring grants and running labs, faculty may have 

less time to spend in the labs with their students. Moreover, since they serve as role 

models for their students, they may instead be indirectly transmitting to them the values 

of the marketplace. Faculty connections with industry may also allow them to have 

"strategically valuable" careers whereby they can later exchange places with the elite 

students they have placed in industry so both can continue to influence the direction of 

each type of institution. 
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PART 2: WHY WOMEN ARE UNDERREPRESENTED IN SCIENCE 

Religious Roots of Science and the Exclusion of Women 

In World without Women (1992) David Noble explains how modem science has its 

roots in the clerical culture of the early Western Christian church. The emergent church 

was identified with celibacy, a commitment for both men and women, with many women 

playing leadership roles in the church. But by the second century the male church 

hierarchy co-opted this ascetic role from women in order gain tighter control and they 

linked independent women with the concept of "heresy." Later, when Augustine of 

Hippo declared that the Fall marked the loss of human free will. Christians became 

dependent on the mediation of the clergy for salvation. Around 1150 popes of the church 

imposed celibacy on the clergy and excluded women from roles in the church, rulings that 

have remained in effect up through the twentieth century. "Thus," concludes Noble, "was 

created the most powerfiil and enduring men's club in history (p. 131)." 

At various times in Noble's chronicle the church absorbed characteristics of 

patriarchal households and military life. Then in the twelfth and thirteenth centuries the 

popes assumed control of the new European all-male universities. Foreshadowing later 

professionalization was their scholarly "cult of Latin," a language learned and used by 

males as an initiation rite into a world closed to women. During the thirteenth century, 

scholars also discovered the misogynist natural science of Aristotle. Noble stresses that 

historically science was not perceived as the opposite of religion, but a sacred activity, an 

aid to revelation and divine knowledge. 

Both Noble (1992) and Keller (1985) mark the seventeenth century as a period 

critical to the emergence of a new science imbued with the masculine characteristics of 

objectivity, reason, and mind. Cartesian mechanists who promoted the concept of 

powerful male scientists dominating nature discredited the alchemists whose hermetic 
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philosophy portrayed both nature and women as deserving respect. During the struggle, 

the mechanists implicated both the alchemists and women healers and midwives with 

witchcraft. Mechanists created the Royal Society in Britain in 1660, eliminating women 

whom they characterized as too emotional and irrational to participate in their 

masculinized form of science (Noble, p. 229; Keller, 1985, p. 59-61). 

Professionalization of Science 

Noble goes on to explain (pp. 274-275) that during the eighteenth and nineteenth 

centuries, as women finally began to gain access to scientific learning in U.S. universities, 

the pernicious influence of the clergy was replaced by that of rising science and 

engineering professionals: 

Professionalization itself, meanwhile reflected an elite consolidation of control 
over the scientific enterprise through its restrictive monitoring of the 
qualifications of entrants to the fields and the imposition of its standards of 
acceptable training, practice and performance. Advanced degrees and 
professional career positions in teaching and research came increasingly to mark 
the "true" professional scientist... .Also research universities built upon such 
professional notions of scientific education and practice became the new ideal 
type for higher education. Predictably perhaps, the professionalization of 
science increasingly restricted women to the margins of the enterprise. 

Professionalization has been defined in numerous ways. Magali Larson, for instance, 

links modem professionalization to the need of occupations in the mid-1800s to control 

the market for their services and claun special privileges (Bailey, Tisdell, & Cervero, 

1994). Andrew Abbott (1988) describes it as a system in which occupations continually 

struggle to establish social jurisdiction over work through legislation, public opinion, and 

workplace negotiations. Moreover, "Culturally, professions legitimate their control by 

attaching their expertise to values with general cultural legitimacy, increasingly the values 

of rationality, efficiency, and science (Abbott, p. 16)." 
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Critical professionalization theory, which was formulated in the 1970s, does not 

associate professions with such customary, praiseworthy attributes as "technical 

expertise, meritocracy, codes of ethics, values, and altruism." Instead, it focuses on the 

political strategies professionals use to establish and maintain license, autonomy, and 

prerogatives while serving the interests of "powerful groups/classes, of capitalism, and of 

patriarchy (Rhoades, 1998, pp. 20-21)." 

Within critical professionalization theory Brint (1994) makes a fiuther distinction 

between "social trustee professionalism" (social work, education) which emphasizes the 

moral dimensions of work and "expert professionalism" (sciences, engineering) which 

emphasizes the technical. Since the latter is closely tied to the marketplace, expert 

professionals tend to be elites. Harding (1991), for instance, notes the increasing status of 

academic scientists. The source of industrial and federal funding they are receiving 

influences the goals of their science and technology programs. 

Fox ("Gender, Hierarchy and Science," 1999) summarizes various findings which 

support the concept of critical professionalization as contributing to the marginalization 

of women in science: 

In the sociology of gender, science is a focal case, because science is an agent of 
power, with consequences for the present and future human condition. Grounded 
in abstract and systematic theory and rationality, science is a prototype of 
professional claim to "authoritative knowledge.".. .To be in control of science is to 
be involved in directing the future, and this is highly valued (pp. 442-444)." 

Professional Closure Strategies 

Witz (1992) has categorized some of the strategies males use to gain privileged access 

to resources and control over the skills and knowledge of scientific professions. One is 

exclusion which can be utilized by any dominant group to bar access to the kinds of 

education, technical competence, or credentials which would permit a subordinate group 

to practice a profession. Another is demarcation, a strategy whereby a dominant group 
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creates and controls boundaries between occupations, sometimes delegating less complex 

skills to others, thereby creating a category of subordinate paraprofessionals or 

technicians. A third results in separatism, whereby female professionals specialize in 

lower-status areas of gender expertise. 

Witz claims that males have been able to establish such professional dominance 

through both the state and the modem university, as both have historically been 

capitalistic and patriarchal. Fox points out {Gender, 1999, p. 442) that this situation 

remains largely imnoticed, as "science and the political order sustain each other-v^dth the 

'scientific ethos' of merit and equity operating as part of the belief system that underlies 

public support of science." 

Keller notes (1991, p. 229) that during the late nineteenth century women scientists 

could not get funding or set up their own labs, so they "resigned themselves to (or 

sometimes actively sought) a secondary demarcation within the realm of science" in order 

to obtain educational or research opportimities. Such women usually served as low-paid 

research associates or accepted faculty appointments at women's colleges where they 

lacked adequate facilities or time to do research. Zuckerman (1991) interviews such a 

scientist-Salome Waelsch-who remained a research associate at Columbia for nineteen 

years from 1936 to 1955. She could not be the sole author of her research and the 

university would not give her a tenured position, though a number of young men who 

worked with her achieved faculty status. 

Harding (1991) also notes that in the past women scientists served in many ancillary, 

demarcationary roles, such as medical illustrators, editors, technicians, science 

popularizers and teachers, and data gatherers, assisting males in making many scientific 

findings. And Rossiter, in her later work. Women Scientists in America before Affirmative 

Action 1940-1972 (1995), describes how the government actively recruited women 
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scientists to help during World War II and the Cold War, but when women responded, 

they were placed in low-level jobs, usually under male managers. When they were no 

longer needed, they were excluded-demoted, replaced, or sent back home to raise families. 

And, when enrollments burgeoned after the war and administrators of four-year-schools 

decided to enhance the prestige of their institutions, they did so by replacing older female 

professors with younger men at higher salaries. 

Rossiter points out (1995, p. 84) that, not only were the trained women scientists 

blatantly discriminated against, but "despite all the talk about 'womanpower,' many 

individuals, departments, and whole universities did not contribute to the training of 

women scientists in the period 1947-1963." Indeed, Epstein (1991, p. 252) describes how 

women have been constrained by the very professions from which they were barred. 

Until the 1970s the conflict involved in courtrooms was considered inappropriate for 

women attorneys. They could instead do research or provide legal aid for indigents. And 

women physicians were deemed too fragile to perform surgery. They could serve in 

separate, more appropriate fields, as psychologists or family specialists. 

Indeed, male professionals have historically questioned whether women have the 

necessary mental, moral, and physical capabilities to pursue scientific learning 

(Zuckerman, 1991, p. 229; Noble, 1992). Male doctors and biologists have tended to 

describe women in ways that reinforce female subordination and inferiority, the "sexual 

politics of sickness and health that construct women as weak, dependent and diseased 

(Fox, Gender, Hierarchy, 1999, p. 451)." Epstein explains (1991, p. 241) that once 

professions prescribed extensive sequences of preparation and standards of performance, 

the implication of their male gatekeepers was "that women do not have the capacity to 

think abstractly, are not objective, and do not have the necessary commitment to practice 

the professions or to do science." 
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For instance, psychologist, Carol Gilligan, in her 1982 study, In a Different Voice, 

challenged Lawrence Kohlberg's work that claimed women's moral judgments were inferior 

to men's. His study was based only on interviews with male subjects. She demonstrated 

that women's morals were not inferior, merely different, guided by interpersonal caring 

instead of justice (Harding, 1991; Borgatta & Borgatta, 1992). Freud also believed that 

women's ethical development was arrested and that they, therefore, could not hope to 

become creative. 

Rossiter (1993) distinguishes between the "Matthew Effect" whereby already 

famous scientists accrue credit and fame for discoveries they may or may not have made 

and the "Matilda Effect" whereby the person who actually made the discovery or was a 

major collaborator in it (usually a female, spouse, or other marginalized person) remains 

anonymous. Among the historical examples she cites as falling under the "Matilda Effect" 

is Rosalind Franklin, the crystallographer who worked with Watson and Crick on the 

discovery of the double helix shape of DNA. 

Ruth Hubbard, a female scientist, admits she initially failed to note the "outrageous 

sexism" in James Watson's description of colleague, Rosalind Franklin, in his popular The 

Double Helix (1968). Hubbard (1983, p. 139-140) summarizes his description of "Rosy," 

as a "dowdy.. .petulant, uppity, blue stocking" who "claimed as her own, work that 

belonged to a.. .male scientist." Nowhere in his account does Watson acknowledge that 

he and Crick had secretly been given access to Franklin's crucial and privileged findings 

which permitted them to create their famous model. Franklin did not posthumously share 

the Nobel Prize with the men with whom she had worked. 

Noble cites (p. 276) Rossiter's description in Women Scientists in America: Struggles 

and Strategies to 1940 of the way that male professionals earlier excluded women from 

professional organizations by raising membership requirements or by relegating them to a 
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secondary level so that by the 1890s most of the associations were de-feminized. 

Although today women are commonly members of professional associations, few are 

listed as Nobel laureates or members of the National Academy of Sciences. Around 1990 

women comprised only two to three percent of the major science academies and two 

percent of Nobel laureates who tend to be selected from older, full professors or senior 

scientists (Zuckerman, 1991, pp. 47-48). 

In short, Jonathan R. Cole (1979, p. 255) aptly sums up the "triple penalty" women 

scientists and scholars have historically experienced: the cultural barriers to entering such 

careers; the belief (promulgated by male scientists) that they were physically and 

mentdly incapable of creative science; and discrimination in the "allocation of 

opportxmities and rewards within the academic community." All these. Cole says, conjoin 

to produce a self-fulfilling prophecy; reduced motivation leads to lower performance or 

withdrawal which leads to career obsolescence or lowered ability to acquire resources, a 

cumulative downward spiral similar to the "Matthew Effect" (described later in this 

chapter). After the passage of Affirmative Action legislation in 1972, barriers against 

women became more covert. 

Professional Socialization for Women in Graduate Science Education 

Due to gender socialization in this country, women tend to be channeled from their 

early years into such traditional and less rewarding fields as education, nursing, and social 

work, and discouraged from entering male-dominated fields, such as physics and 

engineering. Since universities professionally socialize graduate students, they help 

reproduce asymmetrical power relationships (Bailey, et al., 1994). For instance, a 1999 

National Science Foundation report showed that women make up 51% of the U.S. 

population, 46% of the labor force, and 22% of the science and engineering work force. 

They also earn seventy-one cents for every dollar earned by men (Bailey, et al., 1994, p. 
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69). Women also do not receive equal resources and opportunities for either an education 

or a profession in science fields (Fox, 1999). In 2000 women constituted only two of five 

science undergraduates and one of three science graduate students The proportion of 

science degrees earned by women is highest in life sciences and lowest in engineering 

(Fogg, 2004). 

Modem Science Curricula 

Noble (1992) summarizes the unique characteristics that modem science inherited 

fi*om the monastic clergy: 

. . .  t h e  s t r i c t  s e p a r a t i o n  o f  s u b j e c t  a n d  o b j e c t ,  t h e  p r i o r i t y  o f  t h e  o b j e c t i v e  o v e r  
the subjective, the depersonalized and seemingly disembodied discourse, the 
elevation of the abstract over the concrete, the asocial self-identity of the 
scientist, the total commitment to the calling, the fundamental incompatibility 
between the scientific career and family life, and of course, the alienation fi-om 
and dread of women (pp.281-282). 

Indeed, Thom's 2001 study issued by the National Council for Research on Women-

Balancing the Equation: Where Are the Women and Girls in Science, Engineering, and 

Technology-xepoxXs, that women still feel they must leam and work in unfiiendly or 

hostile environments. Most feminists have pointed out that both gender and scientific 

knowledge are not removed from socied context, but "constmcted" by it (Subramaniam, 

1997). They have criticized all aspects of science, as its ontological, epistemological, 

methodological, and axiological foundations are not neutral but gendered (Lincoln, 1989). 

Male values are present in all aspects of research: the choice of a problem, the choice of a 

framework and methods for collecting and interpreting data, and the applications of the 

findings. Indeed, male findings have tended to maintain second-class status for women 

(Lincoln, 1989; Rayman & Brett, 1995). Moreover, the findings of males tend to be 
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accepted as scientific truth, but women's-such as Barbara McClintock's-are often 

discredited as peculiar if not false (Keller, 1985; Fox, 1991). 

Keller (1985) has highlighted the significance of the explicit and implicit language, 

metaphors, and models used by men in their conduct of scientific research. Much of the 

explicit language involves sexual imagery of force and penetration used to wrest secrets 

fi-om nature. Keller specifically analyzed the implicit metaphors used by molecular 

biologists. Genes were portrayed as telegraph messages or central command controls or an 

architect's plan or builder's craft and given masculine traits of agency, autonomy and 

causal primacy, while the maternal contribution to the fertilized egg was seen as passive. 

They also used hierarchical and unidirectional models similar to corporate line-staff charts 

(Fox, "Gender, Hierarchy," 1999; Keller, 1995). Feminist theorists have particularly 

challenged the deductive methods used in science, pointing out the fallacy of objectivity. 

Indeed, the observer cannot be separated from the explanation and the theory one uses 

certainly influences what is studied (Borgatta & Borgatta, 1992). 

Mathematics and science courses have historically been seen as barriers for females 

and much effort has been expended to enhance women's early learning experiences vdth 

these subjects. However, Fox reports (1999, pp. 442-443) that some of the higher 

mathematics courses which have been required in engineering programs since their 

beginnings in military academies were primarily intended to instill self-discipline, 

industriousness, and rationality, and no longer have any relevance for job performance. 

Balancing the Equation (Thom, 2001) recommends eliminating some of these 

"gatekeeping courses," especially in computer science and physics. 

Rayman and Brett (1995) refer to structural barriers for women, such as biased 

admission practices, isolation fi-om collegial networks, and an environment of fierce 
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competition. The latter may be fueled by narratives such as Double Helix, which describe 

the cutthroat race to be a discoverer. In Beamtimes and Lifetimes: The World of High 

Energy Physics (1988, pp. 87-88), Sharon Traweek describes the style of behavior 

necessary for success in the field of physics: 

The desired presentation of self can be characterized as competitive, haughty, 
and superficially nonconformist... to convince others of the validity of one's 
work one had to have great confidence and be very 'aggressive';... one needed 
a certain "son-of-a-bitchiness".. .[as] only the "blunt, bright bastards" make it. 
... Those unwilling or unable to develop this personal style are not likely to be 
recognized as serious physicists committed to their work. 

In 1993 82% of women scientists were in the fields of life sciences, psychology, and 

social sciences, while only 50% of men were in these fields, the men tending to be in 

physical, computer, and envirormiental sciences, and engineering (Fox, 1999, pp. 445-

446). By 2001 the graduate enrollment of women was 38% in mathematics and 34% in 

physical, earth, atmospheric, and ocean sciences, but only 29% in computer sciences and 

20% in engineering {Science and Engineering Indicator -2004, Chap. 2, pp. 5-6). In 2000 

women earned only 20% of the bachelor's degrees in engineering and less than 33% in 

computer sciences (S&E Indicator -2004, "Overview," p. 6). Traweek (1988) also 

describes the grueling, generally fifteen-year period required to earn a science Ph.D. 

Balancing the Equation (Thom, 2001) notes that women tend to drop out at every 

transitional point along the way. 

Classroom 

Most of the texts and the classroom examples used are those authored by white, 

upper-middle-class males (Traweek, 1988; Smithson, 1990; Bailey, et al., 1994). Many 

tend to have a sexist bias. Discoveries made by women or minorities tend to be included 

in "other" areas, such as women's or multi-cultural studies. Many studies have found that 

men tend to get more classroom attention and more positive reinforcement (Smithson, 
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1990; Borgatta & Borgatta, 1992). Males also tend to be chosen as the spokespersons of 

small classroom groups even when women may be in the majority (Bailey, et al., 1994). 

Women may learn differently. Chodorow, in Reproduction of Mothering (1978), 

describes the need for males to separate from their mothers in order to adopt a masculine 

role. She claims their learning style is "separate," whereas females' is "connected" 

(Borgatta & Borgatta, 1992). Furthermore, Belenky, Clinchy, Goldberger, and Tarule 

(1986) describe women's learning as evolving from powerless silence through stages of 

critical thinking to "constructed knowing" which combines both the separate and 

connected types of learning. There have been some experiments with feminist pedagogy. 

It tends to be more egalitarian and nurturing, focuses on students' reactions to texts, and 

sees women's learning as connected, intuitive, subjective, and supportive and men's as 

rational, separate, objective, and combative. These experiments have shifted to a focus on 

communities of learners, seeing both groups and the individuals within them as 

embodying many categories of difference (Butler and Schmitz, 1992; Maher and 

Tetreault, 1996). 

Faculty 

Academic science is primarily controlled by white, upper-middle-class males who 

tend to be located in elite universities and in higher status fields, such as physics, 

mathematics, environmental and computer sciences, and engineering, to hold high rank, 

and to achieve high levels of research productivity (Fox, 1999, pp. 452-453). Moreover, 

such faculty serve as gatekeepers, determining research topics and approving research for 

publication and inclusion in the curriculum. They decide who will be admitted and who 

will be credentialed (Bailey, et al., 1994). They also exercise a great deal of autonomy in 

the way they advise, mentor, and evaluate students (Fox, 1999, p. 453). Male students 

tend to be better mentored than women in almost all fields (Bailey, et al., 1994), whereas 
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women graduate students tend to feel neglected, unsupported and even dismissed by 

faculty, especially outside the classroom (Schroeder & Mynatt, 1993). 

Baird (1990, pp. 378-79) notes that faculty tend to assign teaching assistantships 

(TAs) to women and the more valuable research assistantships (RAs) to men. The 

responsibilities of teaching classes tend to interfere with graduate study while the research 

assistantships tend to be associated with collaborative publishing and greater success in 

graduate school. Indeed, NSF's Science & Engineering Indicators - 2004 (Chapter 2, pp. 

7-8) notes that in 2001 men and foreign doctoral degree students are most likely to be 

supported by RAs (30% and 43% respectively) while women (34%) are most likely to 

support themselves from personal resources. 

Mentoring 

Subramaniam and other writers see mentoring as a crucial element of graduate 

socialization for women. Subramaniam claims sciences are less structured arovmd the 

classroom and more centered in a "Protege-Master" model. She and Wyer (1998) describe 

a grant project, which brought science faculty and female graduate students together to 

discuss some of the behavior which made the students feel marginalized and discouraged. 

Students cited "unwritten rules" which required them to refrain from exhibiting personal 

emotions, to model themselves eifter their major professors, and to exhibit devotion to the 

program. Professors who learned their male colleagues were being unfair to students 

refused to intervene on the grounds of academic freedom. Subramaniam and Wyer (1998) 

feel the one-on-one mentoring model is a poor substitute for the valuable kind of 

community-based mentoring students get in same-sex colleges where they are enculturated 

in a network type of environment. 

Fox (1991) outlines the many valuable contributions an effective mentor can make: 

transmitting taste, style and confidence in research; cultivating norms, values, and 
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opportunities; specifying standards forjudging one's work and criteria for distinguishing 

between important and trivial problems; and generating the ability to cope with setbacks 

and failures in research. Indeed, the high-achieving female post-doctoral students Subotnik 

and Arnold interviewed in 1995 wished they had been better socialized on how to get 

ahead in scientific careers, specifically how to get grants, hunt for jobs, start a lab, 

supervise a team, and deal with rejection and intimidation. 

Fox (1991) also reports that women report more isolation and marginality in their 

training. They not only see their advisors less frequently than men do, but their advisers 

tend to treat them as students rather than as colleagues and take them less seriously than 

they do male students. Since there are many female students and few female faculty, 

women have fewer role models among faculty and administrators. 

Professional Socialization and Career Barriers 

Part of the university's professional socialization process for women should prepare 

them for some of the covert types of discrimination they may face in the workplace. For 

instance the "Matthew Effect," previously referred to, a phrase coined by Robert Merton 

(Toren, 1993) and the "Matilda Effect" developed by Rossiter (1993) respectively 

describe how some very visible scientists increasingly accrue rewards and peer recognition 

while less visible scientists-primarily women-experience seemingly small obstacles or 

deficits which have a serious cumulative impact on career success (Bielby, 1991; 

Zuckerman, 1991: Toren, 1993; Sonnert, 1995; Creamer, 1998). Women in academiatend 

to attain each rank increasingly later than men and the gaps widen over time. A person 

who experiences these initial detours can never catch up. 

One of the ways in which this might occur is through what Sonnert (1995) terms the 

"collaborative trap," in which a student accepts a postdoctoral fellowship in which she is 

placed in ancillary or subordinate position. This has a negative effect on careers. In an 
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interview in Outer Circle (1991), Panem also claims that ill-advised dissertation projects 

and ineffective advisors are crucial ingredients in gendered discrimination. 

Women also tend to have lower research productivity than men, publishing fewer 

articles in refereed journals. Some writers have tended to explain this primarily on 

differences in research or work styles between men and women that may be the result of 

earlier socialization. Women tend to do research on niche topics while men look for hot 

topics. Women also tend to co-author and to be cited by other women, to write books 

rather than articles, and to be thorough and comprehensive to the point of perfectionism 

(Sonnert, 1995). 

Other writers point out that faculty success in publishing tends to be linked to 

specific kinds of advantages most men have over women: co-authorship during graduate 

school with an eminent mentor; internal and external networks with other scientists, some 

of whom may hold key editorial positions and all of whom cite each others' work; a 

graduate degree fi"om a prestigious department and school; a prestigious post-doctoral 

fellowship; a faculty position in a prestigious department at a research university; listings 

as a first or single author; and citations by colleagues (Creamer, 1998). Women also tend 

to have heavier teaching and advising loads. Of all these, the biggest barrier seems to be 

women remaining outside the networks of professional connections, such as editors, 

journal referees, officers of professional associations, or the informal, invisible college so 

important for scientists (Fox, 1991; Fox, 1999; Creamer, 1998; Astin, 1991). 

Other studies of career success have found that women tend to lack self-confidence 

and are not as aggressive regarding their careers (Sonnert 1995). However, Andrea Dupree 

(Interview, Outer Circle, 1991) observes that her younger female colleagues seem to have 

overcome this, having learned quickly to collaborate with peers and build up internal 

support in the organization. 
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Sormert (1995) points out that many scientists prefer easygoing, informal work 

groups, but discrimination and disparities are more likely to crop up in precisely such 

enviromnents where role expectations are not clearly defined or disseminated or the 

criteria for evaluation are not specified. Panem (Interview, Outer Circle, 1991) notes in 

her description of her tenure rejection that others knew more about what was happening 

than she did. Therefore, the National Academy of Science report. Women Scientists, 1994, 

recommends greater clarity of criteria for promotion. 

A number of reports cite differences in values. Astin (1991) notes that female 

authors of "citation classics" tended to respond to others' needs rather than their own 

interests. Women tend to want to contribute to society. Thom (2001) cites studies at the 

University of Florida and Carnegie Mellon which found that women tend to enter 

scientific fields with a focus on helping people, rather than on pure research. Women like 

to work with social content. And an Anderson and Louis 1994 Acadia Institute study 

found that females were more likely than males to support the traditional scientific norms 

of universality (acceptance of a scientist or his/her findings should not be based on 

personal characteristics of the scientist); communality (fiill and open sharing of scientific 

findings); disinterestedness (separation of research fi-om personal motives); and organized 

skepticism (critical, public examination of scientific work). 

Careers in Industry 

According to NSF's Science and Engineering Indicators -2004, women made up 

24.7% of the S&E workforce and 48.6% of the college-degreed workforce in 2000, 

constituting 23% of physical scientists, 10% of engineers, and about 26% of computer 

scientists (pp. 3-17). Although some women now feel that industry offers fewer barriers 

than academia, Indicatos -2004 also compares fiill-time mean sadaries of women and men 

at the same educational level: women with S&E bachelor's degrees received 35.2% less, 
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women with S&E master's degrees 28.9% less, and those with doctorates 25.8% less 

(Table 3-11). Other reports cite a general salary gap of $13,300. Indeed, the salary gap 

between male and female computer scientists increases with age. In 1995 the median 

salary for women in their twenties with bachelor's degrees was $35,000 compared to 

$38,000 for men; women in their forties earned $48,000 and men $57,000. And even in 

areas where women form a critical mass, such as biotechnology, women are scarce at the 

top levels (Thom, 2001, p. 5). 

Mentoring appears just as crucial in the early stages of women's careers as it is 

throughout their university training. A National Academy of Sciences 1994 study, 

Women Scientists, found that successfiil women scientists and engineers had mentors who 

early on told them how to progress in the company and how to take risks. 

Careers in Academe 

Less than 10% of full professors in science fields today are women, despite the fact 

that women have been earning more than one-fourth of science Ph.D.'s for thirty years. In 

1997 women earned 41% of Ph.D.'s in biological and agricultural science, but only 23% in 

math, 22% in physical sciences, 16% in computer sciences and 12% in engineering 

(Thom, 2001, p. 3). In 1983 women doctorates earned only 78% as much as men did 

(Zuckerman, 1991, p. 40). In 2004 the American Society for Engineering Education 

released Profiles of Engineering and Engineering Technology Colleges in which just over 

five percent of fiill professors of engineering are women. 

Mathias-Riegel (2004) also notes that there are only nine women chairs out of 150 

engineering departments in Research I universities. She quotes one female chair of a civil 

engineering department who highlights the importance of her position which allows her to 

make committee, teaching, and space assignments, decide on salaries and budgets, and set 

the climate of the department. 
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Mathias-Riegel (2004) also lists the commonly cited reasons holding women back: 

lack of cormections, marginal status in departments, inability to move due to family and 

job, and a culturally conditioned reluctance to promote themselves. She also notes that the 

dean of a school of engineering and applied science feels that women have been trained to 

care about their community and to have a broader perspective than just their personal 

success, so they tend to spend a lot of time solving departmental problems without being 

rewarded with the chair position. But if a woman moves into a leadership position too 

early, she may find it difficult to go back to research. 

While some parity has been achieved for women since the 1970s, feminist writers, 

such as Keller, Fox, Subramaniam, and Harding do not want fledgling female scientists to 

either try to be equal to males or to maintain gender neutrality, as this leaves the gendered 

nature of the enterprise unchallenged. Feminists hope that women will be able to 

contribute their more traditional ethics to the global technological enterprise and that 

science will eventually become ungendered. 

Summary and Significance for Study 

Female graduate students encoxmter scientific fields which are purported to be 

characterized by objectivity and neutrality, but are actually dominated by males and 

masculine values. Such values also permeate university scientific training, professional 

associations, and career fields. Discrimination tends to be subtle and involves 

exclusionary, demarcationary, and separatist strategies. 

This section mentions several well-known studies which point to differences 

between men and women which might account for the underrepresentation of women in 

many science fields. However, Bamett and Rivers (2004) report more recent research, 

which finds that many of these older studies are "scientifically unsubstantiated," 

primarily because they overstate "differences while minimizing the more accurate 
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picture-that of enormous overlap and similarity." For instance, various scholars are now 

critical of Gilligan's "relational self and Bamett and Rivers cite studies which deny that 

men and women communicate differently, that girls lose their self-esteem when they reach 

adolescence, and that boys have a "mathematics gene." In sum, more rigorous studies 

deny the existence of gender differences. 

In 2004 two Democratic senators-Barbara Boxer of California and Ron Wyden of 

Oregon-asked The Energy Department, NASA, and NSF to begin conducting Title IX 

types of reviews of grant recipients to ensure they do not discriminate against women 

(Fogg, 2004). The senators had requested a report from the General Accounting Office, 

which confirmed gender inequality, and, besides the Title IX reviews, recommended other 

practices, such as "reducing teaching duties for professors who give birth, having on-site 

child-care facilities, and offering flexible work schedules in laboratories" (Fogg, 2004). One 

of the criteria NSF uses in evaluating grant applications is "the impact of the project on 

U.S. society," which includes broadening participation and mentoring of underrepresented 

groups (GAO Highlights, 2004, p. 25). Enforcement of Title IX may help increase 

women's participation in science. 

Also, a science professor at Virginia Technical Institute recommends improved 

science education which helps students understand the nature of science as a social 

enterprise to make it more welcoming, responsible, and equitable (Lederman, 2004). 

The protege-master model may not be the most effective one for women. They need more 

effective mentoring, more supportive environments, more role models, more listings as 

first authors, and specific training in the skills of supervising, collaborating, setting up 

labs, dealing with setbacks, and getting into professional networks. The ability to 

establish such professional connections is especially important. This study will examine 

whether or not some of these changes are taking place or whether women's socialization is 
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still different from that of men. The Acadia Project found that females tended to 

subscribe to traditional norms more than males did and this study will also examine 

whether or not this is still true. 
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PART 3; OVERREPRESENTATION OF INTERNATIONAL STUDENTS 

In 1995 David S. North published Soothing the Establishment, a study for the Alfred 

P. Sloan Foundation, in which he examines a phenomenon that began in the 1970s and 

continues up to today-a dramatic increase in the number and proportion of foreign-bom 

scientists and engineers (S&Es) in U.S. graduate schools, university faculties, and 

corporations. 

Growth of Foreign-Student Enrollment 

Since 1986 the National Science Foundation (NSF), in its biennial Science and 

Engineering (S&E) Indicators, has been providing data on the growing numbers of foreign 

students and the diminishing numbers of native students enrolled in U.S. graduate S&E 

programs. The "Overview of the United States in a Changing World" section of S&E 

Indicators -2004 (pp. 8-10) reports that foreign students comprise close to 30% of all 

S&E graduate students, their enrollment increasing from 70,200 in 1983 to 133,300 in 

2001. Moreover, there are ahnost eqiial numbers of foreign and native students enrolled in 

U.S. graduate programs in mathematics, computer sciences, and engineering, while foreign 

students comprise one-third of the enrolhnent in the physical, earth, ocean, and 

atmospheric sciences combined. 

Each year since the early 1990s international students have earned about 8,000 

doctorates in S&E fields, their share rising from 17% to 33% over the past twenty years 

with even higher percentages in mathematics, computer sciences, and engineering. Also 

over the past twenty years foreign students have earned over 25% of U.S. S&E master's 

degrees, more than twice the amount they earned in the late 1970s. Due to 9/11/01 and 

new U.S. security measures on issuing student F1 visas, foreign student enrollment grew 

less than 1% in 2002-03; nevertheless, they still comprise 35% of all students in the 

sciences-mathematics, technology, and engineering (Jacobson, 2003, p. 1). 
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Decline in Native-Student Enrollment 

On the other hand, the share of doctorates awarded to U.S. citizens declined from 

77% in 1977 to 59% in 2001 Between 1994 and 2001 there was a decline of 10% in 

graduate S&E enrollment by U.S. citizens and permanent residents and a nearly 35% 

increase in enrollment by foreign students (S&E Indicators - 2004, "Highlights," Chapter 

2, p. 3). In fact, most of the growth in doctorates earned by U.S. citizens in the last 

twenty-five years has reflected degrees earned by women and minority students of both 

sexes {S&E Indicators, 2002, "Overview," p. 5). 

Reasons for Shifts in Enrollment 

Motivations of Native-Bom 

Motivations of the native-bom are both economical and social. For the past forty 

years salaries for doctors, lawyers, and business executives have been increasing in the 

U.S. while the salaries for S&E professionals have been decreasing (North, 1995, pp. 5-6, 

21-35). Moreover, the fields of law, business, and medicine tend to be country and 

language specific. Therefore, native-bom students tend to prefer these fields, leaving a 

vacuum in the S«&;E professions for foreign students to fill (Alarcon, 1999, p. 1390). In 

addition, native-bom students who earn bachelor's degrees in engineering can immediately 

get high-paying jobs and be considered professionals, so many tend not to go on for 

master's or doctoral degrees. Indeed, McMurtrie (2001) feels Americans with S&E 

bachelor's degrees are lured away from advanced degrees by high salaries in high-tech jobs 

while those with S&E doctorates are daunted by the prospect of working up to four years 

or more as post-doctorates for minimal wages and little hope of acquiring a tenure-track 

faculty position. In 1997 only 22.9% of new Ph.D. recipients were in tenured or tenure-

track positions (Southwick, 2002). 
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While S&E Indicators 2002 says little research has been done to account for the 

apparent lack of interest in graduate S&E degrees by native students, their own report and 

recent articles have offered some suggestions. The U.S. K-12 educational system has not 

been preparing students adequately. NSF notes that science and mathematics test scores 

for U.S. high-school students fall below international averages and rank substantially 

lower than those of a number of other nations. And, even though U.S. high-school 

students have been required to take additional mathematics and science courses, they still 

need remedial instruction at college levels. Moreover, less than 50% of college entrants 

who intend to major in S&E fields complete such a degree within five years. 

And the enrollment of U.S. females and minorities in S&E fields tends to be low, as 

they are generally counseled away firom mathematics and science courses in elementary 

and high school. Both groups tend to enroll in graduate programs in the life sciences 

instead, possibly because they are exposed to biology earlier in the K-12 system and 

because there is less emphasis on mathematics in life sciences than in other S&E fields. 

Also, biology has historically been seen as a more socially acceptable field for women 

(North, 1995, pp. 33-35, 137). 

Motivations of Foreign Students 

Third World cultures tend to discourage women from participating in S&E fields. 

For instance, 13.5% of engineering doctorates went to U.S. females while only 5.5% went 

to foreign-bom females. And, according to North (1995, pp. 12-13), "many of the 

foreign-bom women pursuing graduate degrees in S&E are said to have parents working in 

the field." 

Foreign students can obtain degrees in law, business, and medicine in their home 

countries at relatively low costs, whereas such degrees in the U.S. are very expensive and 

financial assistance is scarce. On the other hand, full funding is often available to them in 
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the U.S. to pursue S&E advanced degrees (North, 1995, pp. 5-6,21-26). The U.S. S&E 

degrees are highly regarded around the world, and even if the students do not find 

employment in the U.S., they have valuable credentials to use in their homelands. Many 

foreign students are members of academic and professional networks, usually with others 

from their own countries who share information about U.S. graduate programs and 

funding and employment opportunities. They also tend to see a U.S. Ph.D. as an easy 

pathway to becoming an immigrant (North, 1995, pp. 30-35). 

Foreign students also have various fimding advantages over native-bom students. 

S&E Indicators -2004 (Chap 2, pp. 6-7) reports that 43% of foreign doctoral students are 

supported by research assistantships (RAs) which are highly valued because they put the 

student in close contact with the advisor, do not involve teaching duties and, according to 

Baird (1990, pp. 378-79), tend to be associated with collaborative publishing and greater 

success in graduate school. North (1995, p. 90) cites a 1992 study which found that 

64.8% of those on temporary visas were more likely to work as RAs than as teaching 

assistants (52%), while the reverse was true for citizens. North also claims that the 

leading research universities usually provide full funding for anyone accepted by their 

S&E faculty and that many universities also pay for their visas and travel. 

The National Research Council did a survey in 1991 in which foreign students with 

new doctorates in physical sciences, mathematics, and engineering reported they had 

received the bulk of their fimding from their universities and the federal govenmient 

(North, 1995, p. 82). Among 1991 engineering doctorates surveyed, U.S. citizens received 

64.8% of their funding from their university and the federal government while 

non-immigrants received 79.7%. Moreover, 1991 non-immigrant Ph.D.'s were less than 

half as likely as their U.S. counterparts to incur debt in gaining their degrees. And, finally, 

1988 data from the National Research Council shows that the U.S. provides three-fourths 
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of the educational costs of a foreign-bom Ph.D. while the home country provides the 

other fourth (North, 1995, p. 84) The U.S. Congress decided that Stafford Loans would 

only be made to U.S. citizens or permanent resident aliens. And, although Congress 

decided that direct fellowships for graduate study would be limited to citizens and 

permanent resident aliens, graduate departments work around that by using research grant 

funds to provide RAs for foreign students (North, 1995, pp. 91, 150-51). 

Indeed, North (1995, p. 91) recommends that more international students should 

rely-as native students do-on student loans, inasmuch as many stay in the U.S. in 

high-paying jobs and many come from elite families. He also recommends earmarking a 

specific percentage of government research grant funds for the foreign-bom and making 

fellowships from research fimds directly available to both native and foreign students to 

avoid high-overhead costs to universities. 

Motivations of Departments 

North (1995), Rubin (1995), and Varma (1999) all claim that research universities 

have such a large pool of bright, highly motivated foreign students to select from, they 

have neglected the developing, financing, and recruiting of native students, especially 

women and underrepresented minorities. This possibility seems echoed in comments of 

university personnel (Burd, 2002) who oppose recent efforts by the U.S. government to 

bar foreign students from "sensitive courses" or place limits on their enrollment. For 

instance, the chancellor of the University of California at Santa Cruz asks: "If we block 

access to foreign students, who is going to do the research of the future, and who will be 

our faculty of the future?" 

Almost half of the students in the Santa Cruz graduate program in computer science 

are from other countries, primarily India and China. One of the professors complains that 

the loss of these students would cause the quality of his department to "drop 
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precipitously." He claims it would also not be in the best interests of the U.S.: "With 

people with that kind of talent, they'd just go to Europe to study. And eventually that 

would come back to hurt us (Burd, 2002, p. 2)." And Wilson ("Quotas," 1999, p. 2) 

reports "Department heads complain that the limit on international students leads them to 

admit mediocre Americans to fill their graduate ranks and to turn down more-qualified 

foreigners." 

North (1995, p. 12) notes that graduate schools welcome foreign students who are 

"generally male, well-prepared, hard-working, amenable to authority, largely Asian" and 

who have "survived a remarkable series of screening devices on the way to the U.S." and 

often "come firom elite families." Moreover, their academic preparation tends to be 

excellent, many having gained master's degrees or narrow specializations or a thorough 

grounding in scientific theory in their own countries. They are also very dedicated and 

tend not to have the sorts of distractions U.S. students have. To highlight how elite these 

students are. North (1995, p. 17) calculated ratios of Ph.D.'s to total populations for 

various nationalities. In the U.S. it is 1:17,884; in Taiwan 1:19,408; in South Korea 

1:40,299; in China 1:721,177 and in India 1:1,204,450. 

While the enrollment of native students has been dropping steadily, the growing 

enrolhnent of non-immigrants has permitted U.S. graduate departments to increase and 

expand. In 1958 there were 130 graduate programs granting Ph.D.'s in physics and 

mathematics; by 1988 there were 282, an increase of 117%. Research universities 

awarded 463 Ph.D.'s in mathematics and physics in 1958 and 1,011 in 1988, an increase 

of 118% (North, 1995, p. 126). 

Foreign students, such as those from India who have a good command of the English 

language, often serve as relatively low-paid teaching assistants (TAs) which reduces the 

university's costs. And highly skilled S&E graduate RAs and post-doctorates work long 
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hours at low pay, helping sustain the flow of research and grants which keep most 

graduate departments in operation (North, 1995, p. 86). North (1995, p. 121) also claims 

that the low salaries paid to foreign RAs and post-doctorates help perpetuate the 

universities' continuing ability to obtain high overhead rates on government grants. 

The Professional Socialization of International Students 

North (1995) claims the graduate school experience for foreign students is 

departmentally based, with programs and dissertations tailored both to a student's area of 

interest and academic background and the interests of both the fimding source and the 

mentor. As graduate students, non-immigrants are subject to less socialization influences 

than are undergraduates who are in more forced contact with a cross-section of the total 

enrollment. Some departments try to ameliorate this. For instance, UCLA boasts an 

ACCESS program which helps all the students in twelve Ph.D. fields select a research 

specialization during their first graduate year. It incorporates an initial orientation to the 

campus and program; core survey courses and seminars; a required two-unit, five-week 

interactive research ethics course; three quarterly rotations, each lasting eight to ten 

weeks; a week-long aimual retreat at Lake Arrowhead; weekly luncheons during the fall, 

each of which features three professors and their research; and quarterly meetings with 

the entire program to review progress (http://www.uclaaccess.ucla.edu). 

Most university S«&;E departments bring potential students to their campuses for 

recruitment fairs at which they provide orientations to the community and campus, social 

and athletic events, and poster sessions by professors to introduce areas of study. 

However, most foreign students cannot afford to participate in these because of the travel 

costs involved. 

North (1995, p. 73) cites a study which claims foreign S&E students are more likely 

to complete their degrees and do so more quickly than other students partly because their 

http://www.uclaaccess.ucla.edu
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dissertations are significant to their mentors, they seldom have extra requirements such as 

languages, and they tend to receive more RAs and greater funding than other S&E 

students. 

Foreign students tend to dominate post-doctoral positions in academia, holding 55% 

to 65% in most S&E fields, but almost 70% in engineering, total numbers rising fi-om 

about 22,000 in the mid-70s to 27,000 (S&E Indicators-2004, "Overview," pp. 10-11). 

North describes these post-doctorates as generally working in a lab for a professor who is 

well known in their subfield and has good professional connections. The scarcity of data 

on postdoctorate salaries indicates they are relatively low-paid and lack advocacy groups 

(North, 1995, pp. 92-93). 

Professional socialization is affected by cultural characteristics. While foreign 

students may arrive much better prepared academically than their U.S. peers, some have 

initial handicaps in the labs. For instance, Asian males may not have done work with their 

hands, as their cultures consider this only appropriate for servants. They do not take 

shop classes in public schools or have the types of experiences repairing autos, bicycles 

and other equipment that American students do, so at first they are awkward working 

with lab equipment (North, 1994, p.74). 

Trompenaars and Hampden-Tumer (1998, p. 22-23) ascribe broad characteristics to 

western and non-western cultures to assist people concerned about cross-cultural 

communication. They explain that cultures develop fi-om the methods they evolve to 

solve problems in interpersonal relationships, time orientations, and environmental views. 

Cultural norms and values are reflected in the ways they solve these problems. Norms are 

the laws and rules regulating society at a formal level and values are a culture's behavioral 

aspirations, their ideas of "good" and "bad." 
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According to Trompenaars and Hampden-Tumer (1998), westerners prefer universal 

laws and regulations with primary focus on self-identity through personal achievements. 

Westerners tend to create superficial relationships with others and to join groups to 

achieve personal objectives. They are effusive with strangers, but non-emotional in 

professional settings or when making rational decisions. They feel every event must have 

a cause and perceive time as a sequence of linear events. They also tend to be inner-

dkected and to want total control over the environment. 

In contrast, non-western cultures often focus on the community, have diffuse 

relationships with others at many levels and utilize situational ethics to solidify these 

relationships. Personal identity is acquired through ascribed features, such as social class, 

kinship, age, connections, and gender. They spend a great deal of time building long-term 

trusting relationships with others rather than relying on legal contracts. They experience 

time as synchronous, the past and present merging with the future, and they tend to be 

outer-directed, staying in harmony with their environment. 

Some of these cultural characteristics exist on a continuiim. Nevertheless, if science is 

socially constructed, such cultural assximptions will influence the way students view and 

practice science, the way they are professionalized in universities and industries, and the 

way in which they will professionalize others. There are a number of ways in which 

cultural orientations might influence the socialization of foreign S&E students. 

Emphasis on Individual versus Community 

Americans tend to glorify individuality and place priority on personal preferences, 

creativity, and self-reliance. Stewart and Bennett (1991, p. 132) point out that, therefore, 

Americans will be disconcerted by cultures in which self-identity is centered in a role or 

group. The examples they use are Asian students who make career and life decisions 

detrimental to themselves but in agreement with the desires of family members or others 
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in their identity network and "Japanese associates [who] reject a practical and logical 

course of action because it might cause someone to lose face." 

Americans also value independence, but Stewart and Bennett (1991, p. 137) 

emphasize that in other cultures, such as the Chinese, it is desirable to be dependent and 

the Japanese would see a self-reliant person as being without identity. In covintries in 

which relationships are held on many levels, such as across social activities, work, and 

school, people can be easily hurt by what Americans would see as professional criticism, 

since they would feel as though they had been attacked by a close friend (Stewart & 

Bennett, 1991, pp. 87-88). 

Styles of Communicating 

According to Stewart and Bennett (1991, p. 99), Americans enjoy face-to-face 

confrontation and can be insensitive in using this style with people from ascriptive 

cultures whose status requires respect and who do not like such directness and 

informality: 

In conversation, American expressions of greeting are brief and often 
perfunctory, points in conversation are pressed directly and quickly, and forms 
in communication representing social relations are few and loose. Foreign 
students in the U.S. are frequently disoriented by these characteristics. 

Other cultures may use flowery language, indirection, and complex rituals which 

Americans may find insincere. Students in classrooms in hierarchical cultures tend to be 

quite formal, deferring to the instructor, and frequently engaging in imitative or rote 

learning. A Chinese instructor at the Hopkins Center in Nanjing reports that their Chinese 

students are embarrassed to express their points of view (Walfish, "Intimate Program," 

2001). Indeed, "German students do not ask questions of professors [as] such behavior 

would be perceived as challenges to the professors' authority and knowledge" (Stewart & 
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Bennett, 1991, p. 158). If such students are placed in a participatory classroom in the 

U.S., they may overcompensate by becoming dogmatic and dominating the discussion. 

All in all, Stewart and Bennett (1991, pp. 47-48) claim that Americans rely too 

strongly on language, assuming falsely "that the same objective reality exists for all 

people." Seventy-five percent of communication is non-verbal (Trompenaars & 

Hampden-Turner, 1998, p. 77) and non-westerners tend to find body language more 

revealing than spoken language. 

Motivation 

Stewart and Bennett (1991, p. 79) note that in the U.S. competition is the primary 

method for motivating students and workers, a method which does not work well with 

individuals who are strongly dependent on others in their group or community or want to 

save face. Americans also often use a negative approach to motivate and discipline while 

those in other cultures prescribe desirable behavior (p. 52). Americans tend to see 

unlimited possibilities for upward mobility and feel individuals can achieve anything they 

set out to do while other cultures view rewards as limited, gained at the expense of others 

and extending personal debts. 

Time Orientation 

Trompenaars and Hampden-Tumer (pp. 133-145) find that Americans are focused 

on the near future and expend much effort trying to avoid anything that can go wrong. 

They are inner-directed and anxious to control their environment. Since they are tied to a 

sequential time orientation they do not do well in turbulent times, as they are disturbed 

by unexpected events. However, non-westerners with a synchronous, cyclic, time 

orientation want flexible schedules and can envision alternative scenarios when planning 

events. 
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Cooperation and Collaboration 

People from cultures which value community will work hard to achieve consensus 

and to gain the respect and support of their colleagues. People from individualistic 

cultures also cooperate well, because they are able to work toward group goals at the 

same time they try to achieve personal goals. American tend to be willing to work with 

people who might have some characteristics they don't like, whereas those from 

ascriptive cultures will avoid those who have a characteristic, such as religion, which they 

dislike (Stewart & Bennett, pp. 106,139). 

View of the Universe 

Westerners tend to exploit nature to accommodate their needs. Americans also glorify 

the concept of "progress," usually tying it to economics and technology, while some other 

cultures oppose western progress as a major threat to their traditional ways of life 

(Stewart & Bermett, 1991, p. 120). Most non-westem people attempt to either live in 

harmony with their environment or treat it as powerfiil and unpredictable. 

Views of Science 

Americans generally assume science is value-free, but social constructivists and 

feminists claim that modem science is a social and linguistic construct helping define 

western culture and society (Varma, 1999; Harding, 1998). Varma (1999, pp. 6-7) notes 

that both groups "criticize modem scientific knowledge as reflecting the ideologies of the 

west, degrading the nature, militarizing the society, legitimizing colonialism of the non-

westem countries, and keeping women and people of color in their inferior place." Such 

^linkers do not believe that modem scientific knowledge is universal. Varma, for instance, 

(1999, p. 10) describes the difference between modem and local sciences: 
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Modem scientific methods mean systematic reasoning, critical observation, 
logical thinking, proof/verification, objectivity, and honesty in recording 
observations and experimental results. In contrast, ancient and local sciences 
are viewed as intrinsic, vague, incapable of proof or disproof, and closely tied 
to the ethnic environment. 

Harding (1998, p. 87) also discusses native sciences, but she notes that northern 

feminists focus on the "nature" that male scientists wish to strip and tame, while 

postcolonial feminists focus on the environment, which "can be destroyed by human 

arrogance, greed, and carelessness...." 

Stay Rates of International Students 

Between 1998 and 2001,76% of all students who received U.S. S&E doctorates 

planned to stay in the U.S. and 54% had firm offers to do so. Stay rates vary by country, 

as graduates from China and India tend to stay while those from Taiwan and South Korea 

tend to leave {S&E Indicators -2004, "Highlights," Chapter 2, p. 3). Moreover, S&E 

Indicators -2004 (pp. 3-38) cites a study that showed that 56% of non-immigrants who 

received doctorates in 1996 were still in the U.S. in 2001 which implies that 

approximately 3,500 remain from each annual cohort of S&E doctorates in all fields. Stay 

rates differ by field, being as high as 70% in computer and electrical engineering. 

North (1995, p. 4) divides the U.S. population into four categories: native-bom U.S. 

citizens; naturalized U.S. citizens; immigrants or permanent resident aliens; and non

immigrants or aliens in the U.S. on temporary visas. Most graduate students are in the 

first and fourth categories and North (1995, p. 5) claims that most foreign students who 

stay seek naturalization. Most foreign students who come to the U.S. come under 

temporary F-1 visas that do not permit them or their spouses to work without special 

consent. Some, particularly post-doctorates, come in as exchange visitors under J-1 visas 

which permit them and their spouses to work with permission (North, 1995, p. 57). 
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North, 1995, (pp. 'M-61) also describes the typical path for immigrants. They 

usually get their bachelor's degrees in their homelands and then apply to a U.S. or 

Canadian graduate school. Most study to take the Graduate Record Exam and the Test of 

English as a Foreign Language (a multiple choice exam which tests reading, but not writing 

or speaking). The latter is often seen as a barrier and there have been concerns about some 

students substituting test takers (Walfish, 2001). The admissions process is conducted 

mostly by mail with few students being interviewed. Large, affluent U.S. universities 

may have faculty who specialize in specific foreign institutions and their departments 

may fully fund the foreign students they accept. 

Students who are accepted by a U.S. university get a non-immigrant visa at a U.S. 

consulate in their homelands. Once they earn a master's degree or Ph.D. under a student 

visa (Fl) or working visa (J-1) and decide to get a job in the U.S., they need to obtain a 

green card. Small firms may not want to hire a graduate who doesn't have a green card. 

Other companies will hire graduates and sign any required papers but won't take care of 

the immigration process. 

Some large firms will cover the attorney's fees for the green card process which can 

be $5,000 to $15,000 (North (1995, p. 52). Such employers may impose a probationary 

period before assisting with green cards. North (1995, p. 53) notes that "sometimes the 

interviewed graduate student or the student's faculty mentor is already known to the 

corporation as someone doing interesting work in a field related to the firm's activities." 

Many foreign students stay in academia as post-post-doctorates, non-faculty researchers, 

or tenured faculty. Once they get a green card or marry a U.S. citizen or permanent 

resident alien, they can apply for naturalization after three to five years. 
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Participation of Foreign-Bom in Academia 

S&E Indicators -2004 ("Overview..pp. 10-11) estimates that about 25% to 30% 

of doctorate holders in academia are foreign-bom, with the rate lower among faculty and 

higher among post doctorates. Computer sciences, engineering, and mathematics have the 

highest numbers of foreign-bom faculty, 39%, 35%, and 28% respectively. The 

proportion in physical, life and social sciences ranges from 23% to 29%. Among post-

doctorates the figures are much higher, almost 70% for engineering and 55% to 65% for 

other S&E fields. 

Post-doctorates are no longer seen as stepping-stones to faculty positions for either 

natives or foreign bom. Of total doctorate holders-both native and foreign-bom-hired in 

academia by 2001, only 63% held faculty positions and only half of those were tenure 

track. North (1995, p. 100) cites data which indicate that as foreign-bom Ph.D.'s grow 

older and acquire citizenship they tend to move away from academe and toward careers 

with higher wages. He also quotes (p. 101) from a 1988 study which indicates that, in a 

period when more than 50% of S&E faculty being hired were foreign-bom, there may 

have been hiring "preferences for people v^dth high analytical ability and/or particular 

skills in utilizing advanced instrumentation techniques and relative de-emphasis of . .the 

art of practical engineering as compared to engineering science." 

North praises the expertise and work of academic foreign student advisors and related 

persormel, noting (p. 131) that "academe knows more about how to recruit, hire, and 

utilize foreign-bom science and engineering talent than any other institution in the nation." 

The high representation of foreign-bom in academe is significant, as, according to S&E 

Indicators 2004 (Overview, p. 10), U.S. universities conduct about half of the nation's 

basic R&D and foreign-bom faculty will be socializing and training fiiture generations of 

scientists and engineers for R&D and other positions. 
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Participation of Foreign-Bom in Industry 

S&E Indicators-2004 (pp. 3-17) notes that the percentage of foreign-bom college 

graduates in S&E jobs increased from 11.2% in 1980 to 19.3% in 2000. This is significant, 

as the number of non-academic S&E jobs has grown more than four times the rate of the 

total U.S. labor force and the NSF also notes that the U.S. Bureau of Labor is predicting 

growth in S&E occupations from 2000 to 2010, particularly in mathematics and computer 

sciences ("Overview of U.S. in Changing ...," p. 6). North (1995, pp. 129-130) describes 

foreign-bom workers, particularly those with doctorates and master's degrees, as having 

been raised in hierarchical societies and socialized in academe to fit well into the corporate 

world, "accustomed to doing what their superiors tell them" and "considerably less likely 

than American men to let family obligations interfere with the demands of the job." 

The NSF opens S&E Indicators-2004 by acknowledging the significant contributions 

foreign-bom S&Es have made to the U.S. science and technology enterprise, noting that 

they have also helped generate international scientific cooperation. And Alarcon (1999, 

p. 1385) points to their tremendous influence in creating high technology centers such as 

Silicon Valley where they comprise 32.3% of the engineers and mathematical, computer, 

and natural scientists. Alarcon sees S&E professionals as part of an intemational class of 

symbolic analysts who have access to a global labor market. 

Nevertheless, both Alarcon (1999, p. 1384) and North (p. 105) remark on the 

disproportionately low foreign-bom participation in S&E management as a result of what 

they refer to as a "glass ceiling" imposed on Asians. North claims that one corporate 

effort to redress this is to create two equal career ladders, one for management and one for 

R&D professionals. On the other hand, both North (p. 106) and the S&E 

Indicators-2004 (pp. 3-11) provide data that indicates that foreign-bom S&Es with U.S. 

degrees tend to eam slightly higher salaries than those who are native-bom. 
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Summary and Implications for Study 

As already indicated, our society has benefited greatly from this influx of foreign 

talent, particularly in S&E fields. They have raised the general skill level of the U.S. work 

force and helped enhance the economy and international cooperation. Even if they leave 

the U.S. after they graduate, they often maintain networks with U.S. colleagues and 

promote the use of U.S. equipment and software abroad. Writers such as Johnson (2003) 

and Burd (2002) see international education as one of our most valuable exports, 

particularly because of the good will and collaboration it generates. Foreign students can 

also provide diverse viewpoints in the classroom and cultural enrichment for native 

students, some of whom have never been away from their home states. 

North's study (1995, pp. 128-34) outlines various disadvantages of the influx of 

foreign students. For instance, he points out that those who leave the U.S. may take the 

technical knowledge they gained at taxpayer expense and use it to compete with U.S. 

industry or make it available to hostile governments. He also cites a study of 

displacement which estimates that for every four foreign-bom applicants who are 

accepted by graduate school one native-bom applicant is rejected. The ready availability 

of foreign talent has also helped keep wages for RAs, post-doctorates, and S&E 

employees depressed. But North's major criticism is that the inflvix of foreign talent has 

made it uimecessary for the government, universities, and industry to expend more effort 

in preparing and recruiting natives-especially females and underrepresented minorities-

for S&E fields and from making major efforts to reform science and mathematics 

education in the public schools. This may soon become dramatically apparent. 

Since 9/11/01 the federal govemment has established new regulations governing the 

granting of visas to students and scholars which international educators, such as Johnson 

(2003), find frequently capricious. SEVIS, the Student and Exchange Visitor Information 



81 

System, has been widely criticized for being onerous, unwieldy, and unreliable. They 

deplore these measures and see international education as the "solution to terrorism, not 

part of the problem" (Johnson, 2003). 

At the same time, S&E Indicators - 2004 outlines the advances many developing 

nations are making to contain their brain drain. They are trying to improve their public 

schools and expand their higher education systems and technology to develop 

internationally competitive centers of excellence so they can retain their own talent and 

recruit that of other countries. 

Many countries, such as Australia, New Zealand, Canada, and England, have long 

been competing with the U.S. for international students. And other developed nations are 

competing with the U.S. for skilled foreign workers: "In 1999 240,936 workers entered 

Japan in high-skilled-visa categories, a 75% increase compared with 1992. For comparison 

purposes, this equals 40% of the number of Japanese university graduates entering the 

labor force each year and nearly doubles the number entering the United States in roughly 

similar visa categories: H-lb, L-1, TN, 0-1,0-2" {S&E Indicators - 2004, pp. 3-34). 

There is also the problem of the outsourcing or offshoring of U.S. jobs. John Cassidy 

(2004) outlines the various arguments economists have advanced to support free trade 

then cites one study that asserts that there are dangers inherent in free trade. When a 

low-wage, developing country competes with a high-wage developed country, the welfare 

of the latter is eventually harmed. Economy.com, a research firm, predicts the U.S. will be 

losing 600,000 jobs per year by 2010. Only industries such as pharmaceuticals and 

avionics are keeping high wages because the U.S. has so far maintained an edge in science 

and technology. 

But the U.S. is losing this edge based on several trends. The proportion of U.S. 

articles in a number of top physics journals fell from 61% in 1983 to 29% in 2003 (p.30). 
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And while Indian colleges are producing over 40,000 graduates in computer science every 

year, U.S. institutions have trouble filling their science programs. Cassidy concludes that 

the U.S. can compete globally only by: 

.. .increasing federal support for science at all levels of the education system; 
creating financial incentives for firms to pursue technological irmovation; 
building up pre-school and mentoring initiatives that reduce dropout rates; 
[and] expanding scholarships and visas to attract able foreign students and 
entrepreneurs to these shores.. .(p. 30). 

Indeed, according to Field (2004), the National Science Board warned this spring that 

the U.S. is not producing enough scientists and engineers to meet its fiiture needs and is in 

danger of losing its scientific pre-eminence to Europe and Asia. In 1975 the U.S. ranked 

third among developed countries in the proportion of young people earning natural 

science and engineering degrees; it now ranks seventeenth. The market for S&Es is 

growing and now there is now stiff global competition for them and fewer foreign 

students are coming here. The recommendation of the National Science Board in light of 

these trends is to make greater efforts to develop native talent and make S&E degrees 

more attractive and affordable for U.S. students. 

In other words, the influx of foreign students is not a problem to be addressed; it 

merely has allowed the U.S. government, industry, and higher education system to avoid 

developing native talent and improving science and mathematics programs K-12 and 

beyond, problems which the NSF has been reporting regularly every two years. Since it is 

in the best interests of the coimtry to continue to attract foreign students to our 

universities, this study will examine the nature of their professional socialization. 

The Acadia Project indicated that the male foreign students tend to subscribe to 

countemorms even more than native males, but that the females tend to subscribe to 

traditional norms. This is important, inasmuch as many of the male students obtain 

tenured positions in academia. This study will attempt to examine the nature of the values 
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they bring to the graduate programs and those they develop while in them. The Acadia 

Project also indicated that foreign graduate students do not seem as well integrated into 

their peer groups as native students and may not understand the informal transmission of 

norms and values which is supposed to occur during their training. This study will also 

examine whether their socialization is different from that of native students. 
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PART 4: SCIENTIFIC NORMS AND VALUES 

Definitions 

Traditional Norms 

Trompenaars and Hampden-Tumer (1998, pp. 21-22) distinguish between norms 

and values. Norms, they claim, are a culture's concept of "right" and "wrong" which it 

establishes through social control and written laws. Values, though, are closely related to 

the ideals shared by a group. So norms describe how we should behave while values 

describe how we aspire to behave. Furthermore, they claim that when a culture's norms 

do not reflect its values, a destabilizing tension occurs. Weidman (1989) also defines a 

norm as a rule, standard, or prescription for behavior that is somehow enforced. Merton 

(1942, p. 116), claims the traditional norms of scientific research are "transmitted by 

precept and example and re-enforced by sanctions," and conceives of them as follows: 

• Universalism-neither new knowledge nor the opportunity for one to discover it 

should be evaluated on the basis of personal characteristics of the scientist; 

• Communality-new knowledge should be widely shared and publicly owned, the 

inventor rewarded only for priority of discovery; 

• Disinterestedness-scientific discovery should not be self serving; 

• Organized.Skepticism-new knowledge should be judged publicly on the basis of 

empirical and logical criteria. 

Bebeau (1995) points out that, while some professions, such as engineering, have 

specific codes of conduct, science professionals tend to refer to traditions or norms of 

practice. To support this, she quotes from Responsible Science: Ensuring the Integrity of 

the Research Process, (1992, Vol. 1, p. 1): "The community of scientists is bound by a 

set of values, traditions, and standards that embody honesty, integrity, objectivity, and 
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collegiality. These values are reflected in the particular principles and practices 

characteristic of specific scientific disciplines." 

Countemorms 

Mitroff (1974), in a study of scientists examining rocks from the Apollo moon 

missions, found that they shifted back and forth between these Mertonian norms and 

exactly opposing coimtemorms, a phenomenon Merton and Barber (1963) termed 

"sociological ambivalence," a strategy which helps scientists cope with ambiguity and 

contingencies. The traditional norms prevail when a scientific problem is well defined and 

agreed upon, but countemorms prevail when a problem is ill defined. Mitroff points out 

that scientists also switch back and forth between being impartial in doing research to 

being fiercely competitive, arguing over priority and struggling to win peer support for 

their projects. Such disagreements tend to promote the growth of science. Mitroff defines 

the countemorm for universalism as particularism, judging a scientist or his discoveries by 

his/her reputation; that for commvinism as protective secrecy; that for disinterestedness as 

self-interestedness; and that for organized skepticism as organized dogmatism about one's 

own fmdings. 

Ambivalence Regarding Norms 

Mulkay (1980) provides a detailed explanation of the way normative codes are 

continually reinterpreted by scientists and those examining the behavior of scientists in 

very complex and subtle ways according to evolving circumstances. In essence, he claims 

there is no single, coherent normative code dominant in science. Anderson and Louis 

(1994) cite authors who contend there are widely held conceptions of appropriate 

research behavior, others who feel normative codes are merely prescriptive, and still 

others who feel that the competition, politics, and incentives involved in academic 

research discourage adherence to traditional norms. Traweek (1988, pp. 80-81), in her 
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study of the socialization of physics students, reports that physics faculty cynically 

refer to the Mertonian norms as an idealistic "adolescent fantasy" used only to motivate 

students to pursue scientific careers and to persevere through lengthy graduate studies 

until they begin earning rewards. 

Hackett (1990, p. 244), like Mitroff, feels scientific norms are "historically situated 

accommodations to circumstances, not universal principles that transcend time and 

locale." He also sees the norms of science and academe as distinct, noting that university-

industry collaborations are affecting professors' working relationships with students and 

their criteria for choosing research problems and forjudging when research is complete 

and publishable (pp. 244-248). Hackett perceives a destabilizing tension between the 

norms and values of academic science caused by university-industry collaborations and 

describes them as a set of polar opposites (pp. 265-269). 

The ikst-autonomy versus accountability-refers to the fact that researchers are now 

less concerned about expanding the fi-ontiers of knowledge than with making discoveries 

with potential commercial applications. Second, faculty experience conflicts of 

commitment regarding producing research results versus educating students. Third-Zoca/ 

versus cosmopolitan-refers to professors' orientations, whether their primary allegiances 

are to their students, departments, and institutions (local) or to industry collaborators, 

disciplines, or the scientific community (cosmopolitan). The pressures of acquiring 

resources and tenure and a trend toward imitating industry standards have caused 

professors to begin favoring quantity over quality, efficiency over effectiveness, competition 

over cooperation, and specialization over generalization. 

Anderson (2001, p. 228) mentions "the bidirectional flow of knowledge and research 

or production agendas between universities and corporations; the sharing of organizational 

cultures, languages, and approaches to work; and the mutual influence of the academic and 
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corporate worlds on individuals' career plans and prospects." In university-industry 

alliances, students get only short-term ftinding with no guarantee of renewal. The 

company may define the nature of the research or delay publication of the findings. A 

student's instructor may own or have significant equity in the company or product that 

may pose a conflict of interest for him/her. 

Students working in industry may be getting narrower training and doing more 

specialized technical work instead of getting broader courses that present the classic 

themes and problems of the discipline. Students may also be encouraged to partition a 

single research project into several publications. Students may also gain a strong aversion 

to risk-taking if they must produce rapid and practical results. Worst of all, students may 

be treated more as convenient labor than as employees or interns (Hackett, 1990). 

Violations of Norms and Values 

Though there may be little consensus among scientists about their research norms, 

Lafollette (1999, p. 22) notes that taxpayers support science for its promise of usefiil 

products and solutions to society's most pressing problems. In the late 1970s and early 

1980s a series of highly sensational cases of scientific misconduct, primarily due to data 

falsification in the biological sciences, and subsequent lack of response by the nation's 

scientists prompted the government to gradually establish codes and regulations, 

primarily through its grants to higher education. 

Olsen (2003) provides the following definitions of scientific misconduct by the major 

fiinding agencies. The National Science Foundation (NSF) defines misconduct as: 

Fabrication, falsification, plagiarism, or other serious deviation fi-om accepted 
practices in proposing, carrying out, or reporting results fi-om activities funded 
by NSF; or retaliation of any kind against a person who reported or provided 
information about suspected or alleged misconduct and who has not acted in 
bad faith. In addition to the common forms of misconduct, this definition 
includes ".. .other serious deviation from accepted practices..." 
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The USPHS [U.S. Public Health Service] which includes NIH [the National Institutes of 

Health] defines misconduct as: 

Fabrication, falsification, plagiarism, or other practices that seriously deviate 
fi-om those that are commonly accepted within the scientific community for 
proposing, conducting, or reporting research. It does not include honest error or 
honest differences in interpretations or judgements of data. 

The oversight offices established by Congress are the Office of Inspector General for NSF 

and the Office of Research Integrity for PHS and NIH. 

Anderson (1999, p. 285) quotes fi-om a Commission on Research Integrity report 

that specifies intention: "Research misconduct is significant misbehavior that improperly 

appropriates the intellectual property or contributions of others, that intentionally 

impedes the progress of research, or that risks corrupting the scientific record or 

compromising the integrity of scientific practices." And Louis, Anderson, and Rosenberg 

(1995, p. 396) quote another study in listing the negative effects of scientific misconduct 

as slowing the advance of knowledge, jeopardizing the trust of society, misusing taxpayer 

dollars, and placing questionable articles into the indexing system where they persist, not 

to mention potential and actual harm to humans. 

Acadia Institute's Project on Professional Values and Ethical Issues in the Graduate 

Education of Scientists and Engineers (Acadia Project) is comprised of three nationwide 

surveys of academic deans, doctoral students, and faculty and numerous case studies and 

its focus is on ethics and norms in academic research and the effects of departmental 

structure and functioning on the research process. The authors limit their study to the 

fields of chemistry, civil engineering, microbiology, and sociology. Three of its 

investigators-Louis, Anderson, and Rosenberg (1995, p. 396)-provide a broad definition 

of scientific misconduct-"any action that violates the standards of a given community"-

while pointing out that there is no standard definition of misconduct in academic research. 
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They divide scientific misconduct among three categories: research misconduct, such 

as plagiarism or data falsification; employment misconduct, such as misusing research 

fiinds or using university facilities for personal gain; and personal misconduct, such as 

sexual harassment, exploitation, discrimination, or harm to human subjects. The first two 

categories are the focus of interest for this study. 

Braxton, in his Perspectives on Scholarly Misconduct in the Sciences (1999, pp. 

145-159), categorizes types of scientific misconduct according to the four stages of the 

research process. In the production stage (collecting and analyzing data, performing bench 

procedures, coding, and keeping records) researchers can commit plagiarism, fabricate and 

trim data, and misappropriate ideas. In the reporting stage (during presentations, 

seminars, or press conferences) scientists can suppress data, fail to cite sources, and 

exaggerate claims. 

In the disseminating stage (pre-publications, publications, correspondence, e-mails, 

colloquia, manuscripts) one can fail to give authorship credit or give undeserved credit, 

pirate research findings during peer reviews, fabricate citations, make submissions to 

multiple journals, fail to acknowledge reviewers of preprints, or fail to supply raw data. 

And, in the final evaluative stage (attempting to replicate or refute a study, to apply 

findings to practical problems, or incorporate findings into the curriculum) the researcher 

may fail to do any of the latter or fail to make raw data available. 

Louis, Anderson, and Rosenberg (1995, p. 420) append to their Acadia Project study 

a list of the follov^ng types of relevant misconduct: plagiarizing; falsifying research data; 

inappropriately assignmg authorship credit; overlooking others' use of flawed research 

data or questionable interpretation of data; failing to present data that contradicts one's 

previous research; trying to get by on the work of others; using university resources for 

inappropriate personal purposes; misusing research funds; unauthorized use of privileged 
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infonnation in connection with one's research; and [faculty] not disclosing involvement in 

firms whose products are based on their own research. 

Extent of Scientific Misconduct 

Braxton's (1999) contributing authors provide very small numbers of officially 

reported cases of scientific misconduct. LaFollette (1999), for instance, found twelve 

cases reported by scientific societies between 1988 and 1994, many of them minor 

infractions. Hackett (1999) notes that oversight offices reported four cases per year 

between 1980 and 1992. Bird (1999, p. 192) notes that most of the sensational cases 

involved fabrication of data and 30% of PHS cases and 50% of NSF cases involved 

plagiarism, noting that neither NSF or PHS "consider copying a set of words or phrases 

to describe a common procedure as plagiarism." 

However, others see a significant shift in values. Glazer (1997, p. 16) points to a 

1992 survey of biomedical post-doctoral fellows at the University of California at San 

Francisco in which 27% would select or omit data to improve their chances of getting a 

grant funded, 15% would select or omit data to improve their chances of getting an article 

published, and 37% would list an undeserving author. Three researchers from the Yale 

School of Medicine (Bekelman, et al., 2003) reported that conflicts of interest are 

widespread in biomedical research. They used meta-analyses to combine the results of 

thirty-seven previously published studies. They found (pp. 454, 456, 463) that 

one-fourth of biomedical scientists have financial ties with industry, that 68% of academic 

institutions in the U.S. and Canada hold equity in start-up companies, and that research 

financed by industry is almost consistently favorable to the product. 

Scientists at the NIH have been criticized by congressmen (Blumenstyk, December, 

2003; Brainard, 2004) for receiving large consulting fees-hundreds of thousands of dollars 

-from biotechnology and pharmaceutical companies whose drugs they are testing and 
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cash awards from imiversities to which NIH later awarded large grants. Willman 

(December 22,2004, p. Al) published a lengthy, expose of five leading researchers from 

NIH who, while involved in joint NIH studies with drug companies and recommending 

their products, were simultaneously accepting consulting fees and stock options without 

disclosing these ties to either the NIH, their audiences, or the public. 

The materials Willman and others examined showed that at least 530 scientists at the 

NIH had taken fees, stock, or stock options from biomedical firms in the last five years. 

When the leaders of the House Energy and Commerce Committee felt the NIH had not 

disclosed all the industry payments, they questioned twenty companies and discovered 

more than 130 consulting deals with industry that did not appear to have NIH approval. 

While the NIH allows their scientists to earn supplemental income in various ways, they 

forbid them to accept funds from a company that is collaborating with the NIH. 

Among the most egregious cases the newspaper documented was that of an expert on 

cholesterol who both recommended the statin drug, Crestor, without revealing its 

potential safety risk and cooperated on the new, stricter NIH guidelines for lowering 

cholesterol (which widen the use of medications) without revealing his financial ties to 

several drug companies. Willman (2004, p. A28) quoted the chief of cardiology of SUNY 

at Stony Brook as dismissing the new guidelines because the NIH panel was "in the 

pocket of the drug companies." Cholesterol pills are the biggest-selling prescription drug 

in the U.S.-sales last year totaling $14.7 billion-and Wilhnan claims the new guidelines 

might more than double the numbers taking them (p. A28). 

Most of these NIH scientists have been serving on the boards of directors and 

advisory boards of drug companies, advising federal regulators on drug approvals, writing 

articles for medical journals, and speaking at medical conferences around the world. 

Congress has been pressing the NIH director for reforms for some time. However, the 
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director justifies these relationships as helping bring important products to market and 

the supplemental income as helping retain talented scientists. Willman reported (p. A29) 

that, although the NIH has had 1,300 collaborations with biomedical companies over the 

last twenty years, they have not presented any evidence to show any products have been 

brought from the NIH labs to the public. 

Willman also notes (p. A29) that in July 2004 the U.S. Office of Government Ethics 

concluded in a report the NIH was beset by a "permissive culture." Even more disturbing 

is the fact that U.S. Representatives Tauzin and Greenwood, who challenged the drug 

companies in their oversight roles in Congress, both retired and took positions with the 

industry. Greenwood is now president of Biotechnology Industry Organization, a group 

that recently urged government policy makers not to prohibit NIH scientists from 

engaging in paid consulting (p. A28). 

Similar conflicts of interest among professors at the nation's medical schools have 

been blamed for the lack of published negative studies on whether use of popular 

antidepressants by children and adolescents increased their risk of suicide. Since drug 

companies frequently require researchers to sign confidentiality agreements, the 

government is considering legislation requiring producers of drugs and medical devices to 

report clinical trials and their results on a public database. Meier, in a 2004 New York 

Times report on this problem, quotes one doctor: ".. .academic researchers are frequently 

guilty of spirming test findings, either to please a test sponsor or a journal editor or to 

advance their own agenda." 

Bekebnan, et al, (2003) defme conflict of interest (p. 454) as "a set of conditions in 

which professional judgment concerning a primary interest (such as a patient's welfare or 

the validity of research) tends to be unduly influenced by a secondary interest (such as 

financial gain)" and they list some of the researchers' motivations as "financial gain" [and] 
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"professional recognition and the need to compete successfully for research funding." 

Some companies influence testing by comparing their drugs with a placebo or by 

inappropriately administering drugs or giving lower doses (p. 463). 

According to Glazer (1997, p. 12) The New York Times published the results of 

Swazey's Acadia Project in 1993 under the headline: "Her Study Shattered the Myth that 

Fraud in Science is a Rarity." Swazey, Louis, and Anderson (1994) surveyed 2,000 

students and 2,000 faculty in the fields of chemistry, civil engineering, microbiology, and 

sociology. Eight percent of faculty and seven percent of students had direct knowledge of 

plagiarism by faculty in their departments. Almost one-third of faculty were aware of 

student plagiarism while six percent of faculty and nine percent of students knew about 

instances of data fabrication. Twenty-two percent of faculty knew department colleagues 

who overlooked sloppy use of data, almost one-third observed inappropriate credit for 

authorship, and more than 40% reported colleagues who used university resources for 

their own purposes. 

More than half of the students felt they could not report possible misconduct by a 

professor for fear of retaliation and 29% expected sanctions if they reported another 

student. Only 60% of faculty felt they could report a graduate student and only 35% 

could report a colleague with impunity. Ninety-nine percent of faculty reported having 

collective responsibility for the professional conduct of their students but only 27% said 

their departments actually accepted this responsibility (Swazey, et al., 1994, pp. 1-3). 

Although most students wanted a mentor to help them in the lab or with ethical concerns, 

many didn't have dedicated mentors (pp. 3-4). Only four percent of faculty and three 

percent of students felt their departments were active in providing ethical training (p. 3). 

Shafir and Kennedy (1998) have criticized various limitations of the above study 

which may have inflated the percentages reported: self-selection bias (those who had been 
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exposed to misconduct were most likely to respond); the criterion of having had "other 

direct evidence" of misconduct is ambiguous; and more than one respondent from a 

department may have reported the same incident. Although the authors clearly identified 

these limitations in their study, the articles reporting their findings tended to ignore them. 

Nevertheless, a Golde and Dore survey (2001, pp. 16-17) also questioned students 

about their understanding of the ethics of professional research. Only 60% had a clear 

understanding of appropriate relations with undergraduates, 55% were clear about using 

copyrighted material, and 47.4% were clear about generating and using research data. 

Around 20% to 30% of students were not clear about ethics involving hxoman and animal 

subjects, using research fimds appropriately, allocating authorship for papers, refereeing 

academic papers, dealing with patent policies, or avoiding conflicts of interest. The 

authors commented on the importance of these values and practices that they felt "do not 

appear to be successfully transmitted through the university socialization process": 

This [low] level of clarity is understandable, as these issues are at the intersection 
of research and commerce and might thus be relevant to students in just a few 
fields. However, these issues are of enormous importance in today's universities 
and are central to debates about the "corporatization of higher education" in 
which faculty members from all disciplines need to be able to engage (p. 17). 

Causes of Scientific Misconduct 

Academic Capitalism 

Upon his retirement from Harvard in 1991, Derek Bok warned that universities' 

entrepreneurial ventures and quest for profits might damage basic academic values, 

especially when they tried to profit from basic academic functions ("Quest for profits," 

1991). Indeed, Anderson (2001) notes a shift in the academic world to a more commercial 

perspective due to what Slaughter and Leslie (1997, p. 11) term "academic capitalism," 

the proliferation of Academy-Industry Relations (AIRs), and the translation of research 

findings into intellectxaal capital (Dasgupta & David, 1987). 
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Anderson defines AIRs (2001, p. 227) as "an exchange of resources, ideas, or 

influence between some unit within a university (possibly even an individual) and some 

for-profit entity or subunit thereof," which "can take many forms, including technical 

transfer units, spin-off companies, research parks, or consulting agreements." She 

analyzes some writers on this topic who see this shift in values as irreversible. However, 

since academic capitalism is promoted by the government to advance U.S. and regional 

economic competitiveness, it is considered acceptable (Louis, Anderson, Rosenberg, 

1995). Anderson (2001) also notes that universities are more eager than corporations for 

such collaborations. 

Campbell and Slaughter (1999, p. 259) claim that cases of scientific misconduct seem 

to have increased as the number of AIRs has increased over the past fifteen years. They 

found that close interaction between agents of academe and industry creates a climate that 

"makes misconduct increasingly possible (p. 273)." Their findings (p. 267) suggest 

"increased acceptance of the notion that academics should gain financially fi-om their 

academic pursuits." They also point out (p. 273) that universities are in a conflict-of-

interest position, as they are supposed to be monitoring these collaborations, yet they are 

also promoting them, especially to obtain discretionary revenue represented by the 

indirect costs on government grants. 

Victor and Cullen (1988, p. 102) make an important observation: "the moral 

atmosphere of a workplace represents the norms of a group, not just individual levels of 

moral development." This is underscored by Louis, Anderson and Rosenberg (1995, 

p. 399) who observe "entrepreneurship-along with other values and behaviors-is not 

only affected by the disposition of individuals, but is also a function of group norms." 

Indeed, two researchers (Hogan & Croissant, 2004, pp. 2-3) have developed a web-based, 

randomized-response device to measure whether research misconduct is contagious based 
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on the hypothesis that research misconduct may arise within deviant subcultures in 

organizations, with researchers either joining or tolerating deviant colleagues and others 

being victimized by them. If this were indeed the case, then "research misconduct would 

tend to be clustered within research organizations, not randomly distributed." 

Bowie (1994) describes a variety of potential conflict of interest situations; when a 

faculty does research for a firm in which s/he holds a significant equity interest; when a 

faculty makes presentations or publishes evaluations on a product without revealing his 

or her financial interest in it; when a faculty reviews others' manuscripts or grant 

applications in which s/he has a financial stake; or a professor has a federally fiuided 

student doing research for a company or product s/he owns. Professors can also be guilty 

of conflicts of commitment when they invest inordinate amounts of time on outside 

projects, especially those in which they have a financial interest. 

Anderson, Louis and Earle (1994) found technology transfer activities highly 

associated with countemorms. And Loms, Anderson and Rosenberg (1995, p. 410) note 

that the entrepreneurial faculty in their study bring in-through research income-more than 

double the average salary of a full professor. Their average income from consulting was 

$12,000. They also cite a study (p. 399) which reported that 30% of biotechnology 

faculty selected research topics based on their commercial potential rather than the 

possibility they would advance science. Attendees at an MIT conference entitled 

"Secrecy in Science," were told "students, rather than learning proper scientific protocol, 

are instead being taught to accept the inhibiting power of money over science (Press & 

Washburn, 2000, p. 42)." 

Once universities adopted technology transfer activities, there were early signs of a 

change in research ethics, from communality, or the norm of open sharing of data, to 

secrecy, delays for filing for patents (normally six months but longer for international 
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patents), withholding of information until a faculty member could get a corporate 

sponsor, suppression of findings that might threaten an existing company or product, or 

licensing technology but suppressing its release or development (Bowie, 1994). 

And Slaughter, et al. (2002), describe how professionals either "sequence" data to 

allow delays for patenting or "sanitize" data, omitting certain information or code 

numbers as is done for classified documents. Faculty no longer share research materials, 

and some have patented discoveries such as cells, bacteria, and antibodies, which are 

essential to many research projects. This creates many difficult and expensive hurdles for 

other researchers (Bowie, 1994). 

This shift to commercialism in the university mirrors the shift Brint (1994, p. 73) 

describes from social trustee professionalism which emphasizes ethics, altruism, and 

socially important knowledge, to expert professionalism which emphasizes profits. 

Faculty are now faced with many situations that pose potential conflicts of interest or 

commitment (Campbell, 1995; Campbell & Slaughter, 1999). 

Competition in Academia 

Many writers point to an environment in which faculty are pressed to produce 

frequent publications for promotion and tenure, to pursue external research flmding, and 

to provide their own salaries. Such harried professors and lab chiefs do not have time to 

carefully monitor junior colleagues or graduate students (Glazer, 1997, pp. 15-16; 

Lafollette, 1999; Swazey quoted in Glazer, 1997, p. 15). 

Corporate Profits 

Editors of the nation's most influential medical journals have recommended tightening 

conflict of interest sections of the "Uniform Requirements for Manuscripts Submitted to 

Biomedical Jovimals." This is in response to the fact that previously most clinical studies 

of new drugs were done by independent academic investigators who were free to design. 
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conduct, and report their results, but are now done primarily by private Contract 

Research Organizations (CROs) according to the dictates of the drug companies. In 2000 

60% of these research grants were awarded to CROs. The stakes are high, as the average 

cost of bringing a new drug to market is now $500 million and many of these studies are 

done to promote regulatory approval of the drugs. These studies pose conflicts of interest 

for authors, sponsors, journal staff, or reviewers (Davidoff, et al., 2001, p. 1). And 

Bekelman, et al., (2003) report widespread conflicts of interest due to academic capitalism 

in biomedical fields. 

Departmental Influences 

Anderson, Louis and Earle (1999, pp. 220-221), in reporting on the Acadia Project, 

claim that "department climate is the strongest predictor of overall scientific misconduct" 

and that being in a competitive department or in a department which values individual 

research increases the likelihood that a student will observe misconduct over time. 

Studying three types of misconduct-research, employment, and personal-the researchers 

note "the average graduate student in this study has been exposed to misconduct by two 

to five graduate students or faculty members." Moreover, "students are unlikely to report 

these instances fearing retaliation and 77% of respondents claim their departments are 

either not very or not at all active in teaching ethical issues (Anderson, Louis & Earle, 

1999, p. 225). Also, students who describe their departmental climate as competitive and 

unfair are more likely to have been exposed to research misconduct (Louis, Anderson, & 

Rosenberg, 1995, p. 400). 

Anderson and Louis (1994) report that peer groups are important in reinforcing 

norms. Also, aspects of departmental structure, climate, and mentoring that promote 

close student-faculty interaction are positively associated with norms and negatively 

associated with countemorms. And small group activities, value congruence between 
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students and faculty, publishing opportunities, and technical mentoring are all positively 

related to norms while large group activities, formal supervision, and competition are all 

associated with countemorms. 

The Acadia Project also found that undergraduate science programs were most 

important for setting norms, especially for students who attended small liberal arts 

colleges and had close working relationships with their professors. In fact, they found 

that students' values were relatively set on the point of entry to graduate school 

(Anderson and Louis, 1994, pp. 291-292). 

Louis, Anderson, and Rosenberg (1995, p. 400) cite studies which indicate that 

departmental climate can serve as an "institutionalized normative system that guides 

individual behavior in such areas as policy decisions and conduct of research." For 

instance, many faculty give moderate or strong support for at least one countemorm. 

They don't see norms and countemorms as altemative systems, but as parts of a complex 

system of values. And their high publication counts and high external research fimding 

were positively associated with adherence to traditional norms while patenting and 

earning from industry were negatively associated with traditional norms. 

Also, research misconduct in a department was predicted by particularism 

(preferential treatment of some students) and competitiveness. And when human 

relations in a department was perceived as competitive or unfair, one was likely to see 

viniversity and government resources used to personal advantage and individuals harassed 

or mistreated. Moreover, departments that score low on publications and high on patents 

are more likely to have high scores on employment misconduct (Louis, Anderson, 

Rosenberg, 1995). 
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Methods for Combating Scientific Misconduct 

Glazer (1997, p. 6) notes that the two major ways for scientists to detect scientific 

misconduct are reviewing others' grant proposals and manuscripts and replicating others' 

experiments. Government oversight is tied primarily to its grants to universities. In 

addition to adhering to the definitions of scientific misconduct issued by NSF and 

PHS/NIH, universities must also insure fiscal responsibility for funded projects and 

comply with federal regulations for the use of animals, human subjects, recombinant 

DNA technologies, or hazardous chemicals. Universities are seen as the most effective 

monitors of research conduct, as they control laboratories and resources, staff 

appointments and promotion and tenure hearings (Steneck, 1999, pp. 77-78). 

Brainard reported in April 2004 that the U.S. Department of Health and Human 

Services had proposed revised regulations regarding how universities handle cases of 

research misconduct that involve fabrication falsification, or plagiarism. It specified the 

role and protection of whistle-blowers, made institutions prove research misconduct by a 

"preponderance of the evidence," and imposed a statute of limitations (six years before 

the complaint is received). 

Although AAUP provides guidelines on corporate-sponsored research, they cannot 

enforce compliance (Mangan, 1999). LaFollette (1999, p. 75) also feels that differences 

between disciplines make it difficult to standardize codes and procedures at universities. 

And professional journals all have varying reqxiirements, such as disclosing conflicts of 

interest, providing authorship credits, and making original data available on request 

(Anderson, 1999). However, journals don't publish the conflicts of interest authors 

disclose. Instead, an online database-Integrity in Science-lists more than 1,500 academic 

researchers and their commercial ties (Blumenstyk, 2001). Twelve medical journals, 

including the Annals of Internal Medicine, New England Journal of Medicine, The Lancet, 
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and the Journal of the American Medical Association (JAMA), issued a joint policy 

regarding research funded by corporations. They will only accept articles when the 

authors can claim they had full control of the data and made the decision about whether or 

not to publish (Guterman, 2001). 

Many professional associations and scientific societies have developed codes of 

conduct. A.A.A.S. has an online forum, "Science Conduct Online," at http://sci.aaas.org. 

And its publication. Science, has features which discuss relevant ethical issues. Lafollette 

(1999) notes, though, that societies don't have the same control over individuals that 

professional associations have. Indeed, Turner (1999, pp. 127-28) notes that 

"intentionality," the standard for findings of misconduct, is very difficult to meet and is 

higher than the standards used for other professionals. Harvard medical school adopted 

guidelines in 1988 that require faculty to monitor the experiments performed by junior 

researchers and to retain primary data in the laboratory (Glazer, 1997, p. 15). 

However, Braxton and Bayer (1999) contend that a professor's stature in the 

professional community influences the likelihood of his or her complying with and 

reporting on ethical issues. In departments displaying solidarity and in those where 

competition for outside grants is intense, members are less likely to report scientific 

misconduct. Most professors claim they do not want to jeopardize their careers by being 

whistle blowers or by judging researchers in another specialty. Others are heavily 

involved in entrepreneurship. Braxton and Bayer (1999) also note that such professors 

will socialize new generations of professors to ignore ethical ramifications. 

This is underscored by Louis, Anderson and Rosenberg (1995, p. 415) who reported 

that the professors they surveyed had difficulty in articulating norms, suggesting that "at 

least those in fields where empirical research is commonplace, [facultyjare confused, and 

http://sci.aaas.org
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possibly in the middle of a normative paradigm shift. They question the old norms but 

have not solidified new values." 

The Chronicle of Higher Education, in "Pressing Legal Issues," 2004, asked attorneys 

connected with various higher education systems to identify the most critical legal issues 

which will arise in the next five years. Prominent among those were issues connected with 

technology transfer: intellectual-property rights, individual and institutional conflicts of 

interest, and educational malpractice (as institutions adopt auxiliary enterprises and 

neglect their core mission of teaching). The vice president and general counsel at Brown 

University commented (p. 2): "The distinction between the academic world and the 

corporate sector is dissolving... .Will 'hybrid' or 'dual status' colleges become common?" 

Specific Training in Scientific Ethics 

For years graduate student socialization in ethics was assumed to occur informally in 

science courses and in a student's interaction with a faculty mentor. However, in 1989 

NIH required that graduate students involved in federally supported research be exposed 

to at least one training session on the ethical conduct of research (McGee, 1996; Bird, 

1999, p. 177). Obviously one of the most effective ways professors can teach 

professional ethics is by interacting with students when ethical issues occur (Bird, 1999, 

p. 176). Both Bird (1999, p.l76) and Fox and Braxton (1999, p. 327) note that most 

faculty lack formal training in teaching ethics or self-regulation. And they point out that 

such courses may not be taken seriously if taught by faculty outside the department. 

Students need to know professional standards, conventions, and values and gain 

experience in making and defending ethical issues quickly and finding the information they 

need to make ethical decisions (Bird, 1999, pp. 178-179). Bird (1999) notes that NIH 

prefers that such instruction be continuous and integrated into all courses, but points out 

that many students will probably only absorb the values of a specific faculty member. In 
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1995 the National Academy of Sciences, the National Academy of Engineering, and the 

Institute of Medicine published the second edition of On Being a Scientist: Responsible 

Conduct in Research which describes a number of ethical situations that can be utilized in 

the classroom. 

In one of the online ethics courses Bernstein (2001) describes a method for arriving at 

an ethical decision. One first needs to identify the essential conflict and facts and then 

consider the following ethical or moral principles; beneficence -promoting well being; 

non-maleficence -avoiding or minimizing harm; autonomy of individuals to choose their 

own values and goals; justice- giving each his/her due and equitably allocating resources; 

veracity; fidelity to promises; community relationships; consequences of each option on 

all parties; basic rights; duties to one another; respect for human potential; virtues; cost-

effectiveness; and justice (benefits and burdens of each option). Bebeau, et al., (1995) 

offer ethical cases for study and suggest that one approach them by isolating the issues or 

points of conflict; considering each interested party's legitimate expectations; describing 

the consequences of acting; and listing the duties or obligations of the protagonist. 

Glazer (1997, pp. 16-19) comments on the varied length and quality of ethics training 

programs and also cites videos developed by A.A.A.S. which present moral dilemmas and 

mentions noted ethics programs at the Medical College of Georgia and at the University 

of Michigan. Glazer (1997, p. 19) also notes that few studies have been done to evaluate 

such programs, that many doubt whether ethical behavior can be taught, and cites experts 

in the field who feel that ethics instruction will be futile if faculty give students conflicting 

signals with their own research styles. As previously mentioned, Anderson and Louis 

(1994, p. 291) reported in the Acadia Project that the values of most of the students they 

surveyed were "relatively fixed at the point of entry." 
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Moreover, due to the large enrollment of international students in science fields, 

faculty cannot assume that students hold values in common. Anderson (1999, p. 300), 

one of the investigators in the Acadia Project, quotes from Goodstein that international 

students "may not find it as easy to imderstand the unspoken transmission of values that 

somehow is supposed to take place between student and mentor in a scientific graduate 

education," an observation borne out by the Project's finding that international male 

doctoral students were significantly less likely to endorse traditional Mertonian norms 

than U.S. students. 

Anderson & Louis (1994) also note that if foreign students obtain large numbers of 

faculty positions, they may further perpetuate adherence to countemorms. On the other 

hand, Anderson & Louis (1994) note that international students may adopt traditional 

norms if they receive excellent technical mentoring and that female international students 

are more likely than their male covmterparts to support traditional norms and less likely 

to support countemorms. Anderson and Louis (1994) also report that many students 

don't see norms and countemorms as opposites but values one can hold simultaneously 

without contradiction. 

There is also the problem of "normative evolution" which Feller claims "occurs 

through generational turnover as those socialized in the traditional Mertonian norms retire 

and are replaced by those with a more commercial viewpoint (Anderson, 2001, p. 245)." 

This may have occurred in the twelve or thirteen years since the Acadia Project, as many 

new faculty hires may be part-time or required to bring in all or part of their salaries 

through industry grants, so there will have been fewer tenured faculty available to be 

effective mentors and socialize students in traditional norms. 
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Summary and Significance for Study 

Anderson (2001, p. 245) notes that no one has explored the effects on graduate 

research students of the recent shift to a more commercial perspective or examined the 

ramifications of student entrepreneurship. And the authors of On Becoming a Scientist-

Responsible Conduct in Research (2nd ed. 1995) highlight the growing significance of the 

socialization of graduate students in ethical research conduct; 

Even scientists conducting the most fundamental research need to be aware that 
their work can ultimately have a great impact on society. Construction of the 
atomic bomb and the development of recombinant DNA-events that grew out 
of basic research on the nucleus of the atom and investigations of certain 
bacterial enzymes, respectively-are two examples of how seemingly arcane 
areas of science can have tremendous societal consequences (p.20). 

As the literature indicates, the federal government has historically provided 

research fimding without imposing oversight on scientists on the assumption that their 

work will provide general benefits for society. However, due to widely publicized 

instances of scientific misconduct over the last twenty to thirty years, government 

oversight has tightened. For instance, in 1989 the NIH asked universities to provide ethics 

training for graduate students who receive government fimding. However, the scientists at 

NIH, who are responsible for setting and imposing ethical standards, have themselves 

come under fire for instances of scientific misconduct (Willman, 2004). Bekelman, et al., 

(2003) reported conflicts of interest are widespread in biomedical research. And the 

faculty and students the Acadia Project surveyed in the early 1990's also found various 

types of scientific misconduct commonplace in university science departments. 

The Acadia Project (Anderson & Louis, 1994) found that male science students 

tended to subscribe to countemorms, international male students having the greatest 

tendencies for this, while female science students, including female international students. 
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were more likely to subscribe to traditional scientific norms. This is significant, inasmuch 

as male students, particularly foreign male students, tend to obtain tenured faculty 

positions in elite universities where they will be transmitting their values to future 

scientists. The Acadia Project also concluded that graduate students' values seem to be set 

when they enter graduate school. This study will attempt to determine if these tendencies 

still exist and to find out whether the students are being professionally socialized in 

traditional norms or whether they are shifting from what Brint (1994) terms "social 

trustee professionalism" which values altruism, socially important knowledge, judgment 

about purposes, and moral dimensions of work to "expert professionalism" which focuses 

on the practical problems of production and management and the technical dimensions of 

work which do not require occupational judgment about purposes. 
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CHAPTER III: CONCEPTUAL FRAMEWORK 

PART 1: CRITICAL PROFESSIONAL SOCIALIZATION THEORY 

Socialization 

In 2001 Weidman, Twale, and Stein extended Weidman's 1989 study on 

undergraduate socialization to provide an authoritative overview of the literature on 

graduate professional socialization and to offer an analytical framework. They 

acknowledge (p. 33) that critical theorists have disapproved of previous models for being 

linear and for perpetuating the socialization assumption that professions are 

homogeneous and its potential members characterized by shared norms and values 

generally associated with white, middle-class males. 

Their new study describes graduate socialization as the processes through which 

individuals gain the knowledge, skills, attitudes, language, norms, and values necessary for 

successful entry into a professional career. The authors recognize the process as 

bi-directional or reciprocal. Therefore, their fluid framework accommodates multiple 

internal, local, and external influences on students at each of four stages-anticipatory, 

formal, informal, and personal-during which each student continuously modifies the 

characteristics of the role model s/he is internalizing in line with his/her own value 

judgments and assessment of what is needed to succeed. In this process social control is 

transformed into self-control. 

Most writers describe the steps in this process of self-concept formation as: 

observation and identification; imitation of behavior; feedback; modification; and 

internalization. Weidman, et al. (2001) say the process consists of three core elements: 

acquiring knowledge of the skills, language, ideology, heritage, and etiquette of the 

profession in order to perform the role competently; investing personal time and effort 
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and that of mentors to the point at which one makes a fiill commitment into the 

profession; and integrating oneself academically and socially into the program. 

Tiemey (1997), from a postmodernist viewpoint, disagrees with Weidman, et al., 

(2001), that there are specific cultural roles waiting to be acquired by students. Instead, he 

feels these roles are being constantly reshaped by cultural processes. He is also 

particularly dismissive of the idea that one socialization format should fit everyone, 

urging (pp. 14-15) that universities accommodate multi-diversity and technological 

change. 

Van Maanen and Schein (1979, p. 31) note that the extent to which socialization is 

successful depends on the extent of tension or discontinuity between old and new roles or 

between individual needs of students and expected behavior. Antony (2002), like Tiemey, 

is concerned about the dissonance of the socialization process for non-traditional 

students. He is particularly critical of the "congruence and assimilation" thrust of graduate 

socialization that is a result of past emphasis on Holland's psychological theory of career-

choice traits. Antony feels the process should not subjugate student identification and 

personal values. Indeed, one-third of the 1,387 graduate students who responded to the 

Acadia Institute Project said the university was changing them in ways they did not like 

(Anderson & Swazey, 1998, p. 12). 

Nevertheless, according to Fox and Braxton (1999), scientific norms and values may 

need to be standardized and promulgated to accord with the fact that: 

.. .professional scientists' economic monopoly is based on an assumption of 
self-regulation in the "social contract for science," an arrangement outlined by 
Vannevar Bush in his 1945 work. Science: The Endless Frontier, whereby the 
federal government provides fimds for basic research and scientific training in 
academia and agrees not to interfere with scientific decision making in exchange 
for unspecified benefits to public good expected to result (p. 315). 
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Professionalization 

Bess (1978) makes a distinction between socialization as the process of adopting the 

values, norms and social roles which constrain behavior in the work setting and 

professionalization as the process by which students leam the skills, values, and norms of 

the occupation. This study will combine both concepts. A profession is described by 

various authors (Weidman, et al., 2001; Abbott, 1988; Brint, 1994; Rhoades, 1998) as a 

high-status occupation marked by specialized, abstract knowledge, autonomy, a 

commitment to competency in service to clientele, a body of formal theory, a code of 

ethics, lengthy and difficult training, and regulation of competency by professional 

associations and state licensing boards. Critical theorists, according to Abbott (1988, p. 

16), would add "professions consolidate their monopoly by attaching their expertise to 

values with general cultural legitimacy, such as rationality, efficiency, and science." 

At the stage of anticipatory socialization, elite graduate science students would be 

aware of the popular conception of a professional as a highly disciplined, ambitious 

person with significant income, prestige, upper-middle-class status, and material comforts 

who is protective of his/her autonomy (Brint, 1994, p. 38). They may also view the 

professional as an entrepreneur. Brint (1994, p. 41) notes that starting about 1987 

students began to be more interested in material benefits than in developing a philosophy 

of life. Brint (p. 48-49) defines applied science professionals as those "who apply 

scientific knowledge to practical problems of production.. .engineers, physicists, 

chemists, geoscientists, biotechnology and product-related medical scientists, production-

centered computer scientists, mathematicians, statisticians, and economists," many of 

whom work for large organizations in the private sector. 

Their income is highest when they are employed within the industrial-corporate core 

where Brint claims (p. 73) they have three sources of advantage: "(1) high value-added 
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organizational applications, (2) rigorous and demanding technical cultures, and (3) high 

levels of integration with management." Brint further defines the first advantage as "work 

that is closely related to profit potentials, critical environmental uncertainties, or 

managerial effectiveness." They value teamwork and deference to management. Indeed, 

many of them advance into management. 

Critical Professionalization Theory 

According to Rhoades (1998); 

.. .critical professionalization theory which was formulated in the 1970s does 
not associate professions with such customary, praiseworthy attributes as 
technical expertise, meritocracy, codes of ethics, values, and altruism. Instead, 
it focuses on the political strategies professionals use to establish and maintain 
license, autonomy, and prerogatives while serving the interests of powerful 
groups/classes, of capitalism, and of patriarchy (pp. 20-21). 

Brint (1994, p.73) chronicles historical changes in professions-specifically the shift 

in recent decades from what he terms social trustee professionalism, which emphasizes 

ethics, altruism, and socially important knowledge, to expert professionalism, "the 

expertise that is translatable into profit, prestige, control of major environmental 

uncertainties, and/or improved managerial effectiveness." However, Brint notes that 

expert professionals have lost some autonomy to government regulation since society has 

become disenchanted by their blatant self-interest and inability to police themselves 

effectively. He notes that begiiming in the 1960s, federal courts did away with many of 

the provisions protecting professions, such as standard fees and bans against competitive 

bidding and advertising. They hoped this would cut costs and improve services. 

Professionals are now highly competitive and stratified according to the value of 

different kinds of knowledge. For instance, during budget crises in the 1980s and 1990s, 

universities tended to cut "social trustee" types of programs-those serving primarily 

females and minorities-and reward those programs most closely tied to the marketplace. 
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Many professors are now entrepreneurs, running large scientific labs, consulting for 

industry, soliciting industry grants, earning royalties, and forming spin-off companies. 

Rhoades (1998, p. 75) notes that the highest faculty salaries now go to those in law, 

engineering, health sciences, business, computer, information and physical sciences, and 

mathematics. 

Abbott (1988, p. 11) claims that critical professional theorists are concerned about 

status and power issues and cites Caplow who describes many of the characteristics of 

professions as exclusionary. Their associations are intended to exclude those considered 

unqualified. For instance, women were completely excluded from professional 

associations arovmd the 1890s (Noble, 1992, p. 276). Codes of ethics exclude the 

incompetent and legal recognition limits the use of the professional title and criminalizes 

unlicensed work in the profession's jurisdiction. Brint (1994, p. 15) summarizes the 

potential effect of the domination of elite professionals on socializing norms and values: 

".. .expertise is now a resource sold to bidders in the market for skilled labor. It is no 

longer a resource that requires an extensive sphere of occupational judgment about 

purposes." 

In addition to describing the stratification of professions, critical professional 

theorists discuss phenomena that tend to reduce the status and prestige of professionals. 

Routinizing knowledge and skills can lead to tasks being transferred downward to 

paraprofessionals or upward to superiors. In Managed Professionals (1998), Rhoades 

describes how faculty members are losing some of their autonomy to "professional" 

administrators, primarily through technology transfer offices and academic capitalism. 

Croissant and Restivo (2001, pp. 159-160) discuss the emergence of a "generic 

administrator" who operates in any context and promotes the transfer of "values and 
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organizational forms from the more resource-rich environs of government and industry to 

the more dependent environs of the university" through isomorphism. Abbott (1988, 

p. 132) also points out that-except for pharmacists and dentists-there is an enormous 

turnover among professionals. Indeed, Smith-Doerr (1999, p. 19) and Slaughter, et al., 

(2002) describe "revolving door" careers in which scientists move strategically between 

industries and universities, influencing the policies of each in the process. 

Brint's claim that we are in an era of expert professionalism is supported by authors 

Dasgupta and David (1987) who see scientists being undermined by technologists' claims 

that knowledge is a form of private, productive commodity instead of a public 

consumption good for society. Brint (1994) points out that as scientists have become 

entrepreneurs, they have also lost the spirit of serendipitous discovery: 

According to surveys, university scientists and researchers say they are now 
less likely to pursue high-risk basic scientific inquiries and prefer instead to 
stick to research in which an end product is assured, or [to work] in fields they 
feel are favored by fiinding agency officials (p. 125). 

Having science professionals so closely linked to the marketplace may change many 

aspects of the professional socialization of graduate science students. 
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PART 2: OTHER TRENDS AFFECTING SOCIALIZATION 

Other trends which are affecting professional socialization are the current concerns 

about enrollments in science fields of women and international students, the declining 

numbers of available tenured faculty positions, public concerns about scientific norms and 

misconduct, and departmental and disciplinary influences. 

Under-representation of Women in Science 

Weidman, et al., (2001, pp. 43-46) claim that there is currently an under-

representation of women, especially in physics, mathematics, computer science, and 

engineering. And, although women are enrolling in many graduate science fields in 

increasing numbers, they still comprise only a small fi-action of faculty positions. Female 

students, therefore, have more difficulty than males in acquiring role models and 

prestigious mentors. They also miss out on the valuable mentoring available in the "male 

locker-room network." Rhoades (1998) notes that it was not until the 1970s that women 

began to heavily infiltrate the traditional status professions that men still dominate. And 

even in fields where women comprise a critical mass they tend to be concentrated in the 

lower salary levels. 

Witz (1992) outlines various strategies which have been utilized to marginalize 

women in the scientific professions: exdusion-hsmng access to the necessary education, 

technical competence, or credentials; demarcationr-cxQsXmg and controlling boundaries 

between occupations, often delegating the more routine and dangerous tasks to 

subordinate categories of paraprofessionals; and separatism-\s\Xmg females specialize in 

lower-status areas of supposedly gender expertise. She claims that both the government 

and modem university have assisted in such marginalization while claiming to have 

systems operating on merit. 
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Baird (1990, pp. 378-379) and Smallwood (2004) note that women receive more 

teaching assistantships while men receive more research assistantships, the latter 

associated with collaborative publishing and greater success in graduate school and later 

career. Men also receive greater faculty support, especially in fields non-traditional for 

women, such as physical sciences, while both receive more equal treatment in 

androgjmous fields, such as biological sciences and business. Women also report a great 

deal of role conflict-the demands of work, academics, and family-and their desire to fulfill 

all these roles ideally. Writers, such as Belenky, et al., (1986), Fox (1991; Gender, 

Hierarchy, 1999), Maher & Tetreault (1994,1996), and Keller (1985,1991) also claim 

that women leam differently and approach science differently than men. And institution-

specific studies have shown that women tend to drop out of doctoral programs at a higher 

rate than men do (Smallwood, 2004). 

Overrepresentation of International Students 

In contrast, international students are highly represented in graduate science 

departments in both the student and faculty categories and tend to get research 

assistantships and specific funding advantages and to work with elite faculty on research 

projects. Professors recruit them to raise the quality of their departments (North, 1995; 

Burd, 2002). NSF's S&E Indicators -2004 ("Overview," pp. 8-10) reports that foreign 

students comprise close to 30% of all S«&E graduate students, their enrollment increasing 

from 70,200 in 1983 to 133,300 in 2001. Although U.S. security measures in issuing 

student visas after 9/11/01 kept the growth of foreign-student enrollment the next year to 

less tlmn one percent, still 35% of all students in mathematics, technology, and 

engineering, are foreign (Jacobson, 2003). 

S&E Indicators -2004 ("Overview," pp. 10-11) estimates that about 25% to 30% of 

doctorate holders in academia are foreign-bom, with the rate lower among faculty and 
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higher among post-doctorates. Computer sciences, engineering, and mathematics have the 

highest numbers of foreign-bom faculty, 39%, 35%, and 28% respectively. The 

proportion in physical, life, and social sciences ranges from 23 to 29%. Among post-

doctorates the figures are much higher, almost 70% for engineering and 55% to 65% for 

other S&E fields. 

Their socialization problems tend to involve cross-cultural misunderstandings. 

Weidman, et al, (2001) remark that: 

Many faculty members find it difficult to deal with cultural differences in 
interaction patterns and hence concentrate on academic matters rather than on 
other aspects of professional socialization. As a result, international students are 
often forced to turn to peers for support and encouragement as well as for 
assistance with problems of adapting to American life and culture (p. 47). 

Nevertheless, Weidman, et al, (2001, p. iv) feel that the presence of foreign students 

greatly enriches the quality of the graduate socialization process. They also contribute to 

intemational good will and collaboration. 

The Acadia Project (Anderson & Louis, 1994, pp. 290-293) foimd that male 

intemational students tend to subscribe to scientific countemorms while female foreign 

students were more likely to support traditional, Mertonian norms, indicating that 

perhaps the females entered with different value systems. Moreover, the authors suggest 

that intemational students do not experience the same sense of solidarity with their 

student cohorts as the typical U.S. student and therefore need better socialization in 

normative issues. This is particularly significant, as many intemational science students 

obtain tenured faculty positions and will tend to inculcate countemorms. 

Fewer Faculty Positions and More Ph.D.'s 

The declining number of faculty positions is a problem highlighted by a recent study 

in which Golde and Dore (2001) surveyed 4,114 doctoral students (in at least their third 
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year) in eleven arts and sciences disciplines at twenty-seven viniversities in 1999. The 

fields included ecology, molecular/cellular biology, physical sciences, chemistry, geology, 

and mathematics. Two-thirds of the respondents definitely wanted to become full-time, 

tenure-track faculty members, while a fourth said they might be interested in such 

positions, even though in most fields no more than half of the students will achieve that 

goal. More than half also said they had not been prepared to carry out the activities in 

which most faculty engage, especially teaching. Nor are they being encouraged to explore 

other careers. Only 15% indicated interest in the next highest ranked career, research in 

the private sector. Students view the faculty lifestyle as ideal. However, women were less 

likely than men to aspire to be faculty members and men were more likely than women to 

desire positions in elite research universities. Students in disciplines with strong 

connections to industry are the least interested in faculty careers. 

Traditionally most science students have been socialized into the professoriate. Two-

thirds of the 1,387 students who responded to the Acadia Project also aspired to become 

faculty. Even as far back as 1990 Hackett (p. 253) expressed concern about the 

diminishing numbers of available faculty positions and the fact that universities were 

hiring scientists on a contingency basis, making them bring in their salaries through 

industry grants. Many graduates now begin their careers as part-timers, temporaries, or 

post-doctorates, and the authors of the Golde & Dore 2001 survey feel that the shortage 

of faculty positions is permanent and increasing. 

Growing Concerns about Scientific Misconduct 

Golde and Dore (2001) questioned students about their understanding of the ethics of 

academia. Only 60% had a clear understanding of appropriate relations with 

xmdergraduates, 55% were clear about using copyrighted material, and 47.4% were clear 

about generating and using research data. And approximately 20% to 30% of students 



117 

were not clear about ethics involving human and animal subjects, using research fiinds 

appropriately, allocating authorship for papers, refereeing academic papers, dealing with 

patent policies, and avoiding conflicts of interest. The authors of the study feel these 

shared values and practices are important and do not appear to be successfully 

transmitted through the university socialization process. 

Norms and Values 

A primary function of professional socialization is to transfer to graduate students 

the norms and values necessary to succeed in professional occupations. However, 

researchers disagree about scientific norms and values. Traditional scientific norms are 

ascribed to Robert Merton (1942, p. 116) and promote objectively evaluating other 

scientists and their findings, freely sharing all new discoveries, and separating research 

from personal motives. Mitroff (1974), however, discovered that when scientific 

problems are ill-defined, scientists tend to adopt countemorms which are exactly the 

opposite of Merton's norms: particularism (judging scientists by their personal 

characteristics), secrecy regarding discoveries, self-interestedness in research, and 

organized dogmatism regarding one's own findings. 

Mulkay (1976), in turn, describes norms and countemorms as "socially constructed 

means for negotiating the meaning of behaviors (Anderson & Louis, 1994, p. 275)." 

Hackett (1990, p. 244) also sees the norms of science as "historically situated 

accommodations to a particular set of circimistances, not universal principles that 

transcend time and locale" and as distinct from academic norms. Others, such as Anderson 

(2001) and Slaughter and Leslie (1997), note a shift in the academic world to a more 

commercial climate due to "academic capitalism," and especially to university-industry 

collaborations that are promoted by the federal and regional governments to enhance 
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economic competitiveness. Campbell and Slaughter (1999, p. 259) note that scientific 

misconduct has increased as the number of such collaborations has increased. 

A series of widely publicized, sensational cases of scientific misconduct starting in 

the 1970s and subsequent inaction by the nation's scientists prompted the government to 

establish controls that are linked to their grants to universities. Both NSF and PHS/NIH 

have defined scientific misconduct as fabrication, falsification, plagiarism or other serious 

deviation from accepted practices in proposing, conducting or reporting research, and the 

NSF additionally forbids retaliation against legitimate whistle blowers (Olsen, 2003). 

In the early 1990s, the Acadia Institute Project conducted three nationwide surveys of 

academic deans, doctoral students, and faculty in the fields of chemistry, civil engineering, 

microbiology, and sociology. They found startling evidence of fraud and other violations 

of traditional ethical norms in the academic areas they surveyed (Louis, Anderson & 

Rosenberg, 1995; Anderson & Louis, 1994; Swazey, Louis, & Anderson (1994); 

Anderson, Louis & Earle, 1999). 

In 2003 three researchers from the Yale School of Medicine reported that conflicts of 

interest are widespread in biomedical research (Bekehnan, et al., 2003). Leading medical 

joumals are also tightening their guidelines regarding conflicts of interest in research 

conducted under corporate sponsorship (Davidoff, et al, 2001; Guterman, 2001). In 1988 

Harvard Medical School adopted guidelines that require faculty to monitor experiments 

performed by jxmior researchers and to retain primary data in the laboratory (Glazer, 

1997, p. 15). 

Louis, Anderson, and Rosenberg (1995) point out that scientific misconduct slows 

the advance of knowledge, misuses public funds, jeopardizes public trust, and places 

misinformation into publishers' indexing systems, not to mention causing potential harm 

to people. The National Academy of Sciences, the National Academy of Engineering, 
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and the Institute of Medicine responded to this problem in 1995 by publishing the second 

edition On Becoming a Scientist: Responsible Conduct in Research. 

Indeed, in 1989 NIH felt it could no longer count on graduate science students being 

informally socialized in scientific ethics, so it required universities to provide training for 

any students receiving governmental research fimding (McGee, 1996; Bird, 1999). 

However, various writers see such efforts as somewhat futile. The Acadia Project 

researchers concluded that the values of most of the students they surveyed were 

"relatively fixed at the point of entry" (Anderson & Louis, 1994, p. 291). 

Many doubt that ethical behavior can be taught. Most faculty lack formal training to 

teach ethics, few programs can afford to integrate additional material, and no standards 

have been developed, so programs vary greatly in length and quality. Few such programs 

have been evaluated. And such instruction will be in vain if faculty demonstrate 

conflicting personal research styles (Fox & Braxton, 1999; Bird, 1999; Glazer, 1997). 

Moreover, foreign students who become faculty may tend to espouse coxmtemorms. 

And Anderson (2001, p. 245) quotes Feller as suggesting that "normative evolution 

occurs through generational turnover as those socialized in the traditional Mertonian 

norms retire and are replaced by those with a more commercial viewpoint." Indeed, in the 

twelve to thirteen years since the Acadia Project, many of the new faculty hired may be 

either part-time or required to bring in all or part of their salaries through industry grants, 

so there will be fewer tenured faculty available to be effective mentors. And, finally, 

Louis, Anderson and Rosenberg (1995, p. 415) reported that the professors they 

surveyed had difficulty in articulating norms, suggesting to them that "at least those in 

fields where empirical research is commonplace, [faculty] are confused, and possibly in 

the middle of a normative paradigm shift. They question the old norms but have not 

solidified new values." 
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PART 3: DEPARTMENTAL INFLUENCES ON SOCIALIZATION 

The stratification of elite professions described by Brint is mirrored in the 

stratification of departments and facility, some being closer to the market and having more 

resources. Weidman, et al., (2001 p. 50) contend that the quality of professionalization is 

dependent on the reputation of the department, faculty, and dissertation committee. They 

describe the main departmental influences as the academic program, curricular design and 

content, faculty composition and interests, research emphasis, and teaching strategies (p. 

65). Weidman (1989) points out that faculty form a powerful force for normative 

influence through evaluation and social interaction. Van Maanen and Schein (1979) pose 

polar dimensions of organizational socialization, some of which can serve to outline the 

primary socialization issues in departments. 

Individual versus Collective 

In some programs students progress as a cohort. In others they do so in relative 

isolation. Students with industry grants would represent the latter. The ramifications of 

industry funding on student socialization are described by Slaughter, et al., (2002). The 

funding professors get to hire student researchers comes either fi-om the federal 

government or fi-om industry. Government grants are longer term and usually cover the 

length of a Ph.D. dissertation project while industry grants are short-term and usually 

have restrictions regarding the topic and publication rights. Just as professors decide who 

will receive research or teaching assistantships, they also determine who will get the more 

valued government funding. 

A student funded by industry has to worry about frequent renewals, the 

appropriateness of the project as graduate research, possible restrictions on eventual 

dissemination of the results, and his/her potential impact on a professor's reputation with 

the company. Weidman, et al., (2001, p. 68) note that such a contractual relationship with 
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industry is hard for the student to change. The student is being primarily socialized 

through his industiy apprenticeship rather than through his faculty and peers at the 

university. The industry connection, however, provides the student with some real-life 

work experience, funding, a topic for a research project, and an entree to future 

employment. 

The student's professor becomes a socialization agent, an employer, instructor, 

recommender, evaluator, supervisor, and career placement specialist, although the 

student's supervisor at the company also plays these roles. The professor has other 

obligations: to make equitable awards, to assure that research topics are appropriate and 

that results can be published and/or presented in a timely fashion, that s/he is not utilizing 

federal funding for research on his/her own company or products, and that students get 

appropriate credit for any discoveries. Guston (1993, p. 58) echoes this concern about 

industrial ties, noting that while they may help the student adapt to the realities of the 

contemporary research environment, they "may also bind them prematurely to an 

industrial culture not completely appropriate for an educational environment." 

Slaughter, et al., (2002) and Traweek (1988) analyze iiniversity-industry 

relationships using exchange theory in which a gift "expresses, affirms, or creates a social 

link between the partners of an exchange.. .and corrfers upon its participants a special 

relationship of trust, solidarity and mutual aid" (Rubin, 1975, p. 170). In this case the 

gifts exchanged are students. This exchange creates elaborate networks in which former 

students call professors back to make presentations or do consulting for their companies 

and the professors invite the former students back to the university to recruit students, to 

teach, or to serve on curriculum advisory committees. Professors also cite outstanding 

former students working at the company when they solicit funding from the company. 

Such networks encourage "revolving door" careers in which scientists can move back and 
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forth from industry to the university so long as they publish enough while they are in 

industry (Slaughter, et al, 2002; Smith-Doerr, 1999, p. 19). 

Hackett, Croissant, and Schneider (2001) describe a study of undergraduates who 

chose to do either a departmental research project or an industrial cooperative class. 

Completing both projects caused students to place much higher value on intrinsic job 

characteristics, such as interesting and challenging work. Completing the research project 

powerfully influenced students' intrinsic values and life objectives. Students from higher 

socio-economic groups tended to choose the coop experience, perhaps because they were 

less concerned about being able to afford to return to college, while those from lower 

socio-economic groups opted for the research project. They note that increased student 

involvement with industry did not appear to increase students' desire for extrinsic 

satisfactions at the expense of intrinsic ones. Indeed, one advantage of the industry 

experience is that it provides more autonomy than the classroom does. 

Croissant and Restivo (2001, pp. 158-159) describe an engineering class that was 

socialized "to accept a patronage system of directed research." A government agency the 

engineering class worked with saw foreign students as a security issue. They represented 

intellectual property, "self-actualized 'products,'" which could return to their home 

countries and take their knowledge with them. Hackett (1990) is concerned that such 

research may become too narrow and specialized. 

Cohorts enhance the socialization process. Cohorts are especially appropriate when 

departmental expectations and goals are vague, when there is information overload, and 

where the faculty-student ratio is high and faculty interaction low (Bragg, 1976). 

Weidman, et al., (2001) describe multiple benefits: cohorts can clarify department 

protocol and class assignments, help each other through academic crises, and serve as 

surrogate families and peer mentors. In such roles they are particularly helpful for part-
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time students. They provide social and emotional enrichment and promote more intensive 

socialization. Baird (1990, p. 366) notes that peer solidarity can promote greater 

commitment to the field and the creation of professional networks that assist in career 

development. These are the kinds of networks from which female students are frequently 

excluded. Anderson and Louis (1994, p. 286) also stress the importance of group 

solidarity in reinforcing traditional scientific norms. 

These benefits associated with cohorts do not occur in lab situations where students 

work closely with faculty. Biochemistry students, for instance, do not form strong peer 

group attachments (Weidman et al., 2001, pp. 82-83). Nor do they occur where there is a 

climate of strong competition. Traweek (1988) describes the way that physics 

postdoctoral students are socialized to be extremely aggressive, criticizing the findings of 

others and promoting their own. Baird (1990) claims that competition increases 

dissatisfaction already high in the physical sciences and is always associated with stress. 

However, Guston (1993, p. 60) feels that students' multiple roles in academia and 

industry require them to learn to be competitive. 

Weidman, et al., (2001) claim collaboration is more prevalent in the hard sciences, 

supporting co-authoring, publishing, and interdepartmental activities. They also observe 

that faculty in natural sciences departments emphasize research training and give greater 

supervision and project support than faculty in other departments. Latour's "actor-

network theory," stresses that scientists must form networks to get necessary support 

for their projects and discoveries (Martin, 1998). And Smith-Doerr, et al., (1999) describe 

the advantages of non-hierarchical, network-like organizations for women in the dedicated 

biotechnology industry. Weidman, et al., (2001) explain this trend:".. .workforce 

preparation has shifted away from glorifying isolated specialties to encouraging 
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cooperative, diverse, collaborative teams that contribute to the overall group regardless of 

discipline or profession (p. 92)." 

Cohorts promote communities of learning, practice, and knowledge. Weidman, et al., 

(2001) feel that to avoid the power differentials in academe, universities need more 

collaborative, holistic approaches to learning. Lincoln (2000) also advocates a shared, 

caring, reciprocal learning community, participatory, engaging, and reflective, so a 

student's relationship with faculty is open and mutually evaluative and not power-based. 

Sequential versus Random 

A graduate program should have a clear and logical sequence of discrete and 

identifiable steps leading to the target role. However, Weidman, et al., (2001, p. 50) note 

that expectations regarding satisfactory completion of professional socialization vary 

widely. Golde and Dore (2001, pp. 30-32) report that many of the students they 

surveyed felt the structure of graduate study is unnecessarily complex: "Many students 

do not clearly understand what doctoral study entails, how the process works, and how 

to navigate it effectively." Most do not have a "good idea of the time, money, clarity of 

purpose and perseverance doctoral education entails," and they seem "to receive little 

guidance about how to navigate the process." The fact that almost two-thirds aspire to 

the professoriate reveals that most are not familiar with the job market. 

According to Golde and Dore (2001) more than half (53.6%) of doctoral programs 

require students to serve as teaching assistants, most commonly in science fields. In 

chemistry 83.8% and in molecular biology 70.8% serve as teaching assistants, usually in 

introductory lab courses. However, classes to train them are least available in these fields, 

28.4% and 30.1% respectively. Science students, however, were the most clear about the 

source of funding for their dissertation work, relying on their advisors for this 

mformation. There was a widespread (43.5%) sense among all students that some 
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examinations and requirements, such as qualifying exams, prelims, and orals, seem 

arbitrary and unhelpful. 

All the students surveyed by Golde and Dore were in at least their third year of 

graduate school, yet only 45.4 % said they had a very clear understanding of the criteria 

for determining that they were ready to graduate, especially in two lab science fields, 

molecular biology and chemistry. Golde and Dore report (2001) "persistent complaints 

from students in these fields that some advisors make arbitrary decisions about students' 

readiness to graduate, often influenced by that advisor's continued needs for the student's 

hands and mind in the lab [and] our findings confirm these complaints (p. 43)." 

Baird (1990) notes that such ambiguity and inconsistency in faculty expectations 

cause stress and psychological withdrawal. Weidman (1989) claims that groups that have 

clear and consistent objectives get stronger normative consensus among members. 

Weidman (1989) also describes the "hidden curriculum" in many departments, the 

unspoken and unwritten rules defining faculty expectations for students' academic 

performance and behavior. Sometimes students spend more time decoding faculty 

expectations than learning the course material. Subramaniam and Wyer (1998) worked 

with a group of female graduate science students who felt marginalized and discouraged 

by professors' "unwritten rules" which they felt required them to suppress their emotions 

and to exhibit total dedication to the program. 

Weidman, et al., (2001) further note that faculty who generate a hidden curriculum 

serve as "gatekeepers," setting requirements, regulating admissions, failing to share 

relevant information with everyone about departmental protocol, distributing coveted 

assistantships, mentoring some and weeding out others. Gatekeepers control the flow of 

information, design the ciirriculum and evaluation instruments, and set the direction of 

research. They serve as sorting machines. Baird (1990) notes that some departmental 
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folkways and demands are totally unrelated to preparing students for a profession and 

may cause students to adopt dysfimctional coping strategies. Abbott (1988, p. 68) notes 

the irrelevant learning which continues to be a central part of professional education. This 

can include courses that serve a gateway function, keeping out women and minorities. Fox 

(1999, pp. 442-443) for instance, points out that some higher mathematics courses were 

originally required in engineering programs in military academies to instill self-discipline 

and rationality but no longer have any relevance for job performance. 

Fixed versus Variable 

Some departments have a very clear timetable for the various steps to be completed 

toward the degree. Nevertheless, Golde and Dore (2001) have pointed out that many 

students who are at least in their third year of graduate school are not clear about when 

they will graduate. Traweek (1988) describes the grueling fifteen-year process students 

have to complete before they can become full-fledged members of the particle physics 

commimity, with the postdoctoral phase lasting as long as six years. Guston (1993, p. 50) 

is more specific, pointing out that in 1988 the median time to doctorate was 6.5 years, but 

varied by discipline with 5.5 years for chemistry, 5.9 for engineering, and 7.1 for health, 

earth, atmospheric, and marine sciences. He claims that the length of postdoctoral training 

has increased recently, due partly to the increasing technological complexity of science 

and expanding bodies of knowledge but possibly also "to the lack of faculty positions and 

the need in laboratories for cheap labor." 

Serial versus Disjunctive Mentoring 

In serial socialization experienced mentors serve as role models, while in disjunctive 

socialization none may be available. Most writers on professional socialization 

acknowledge the importance of supportive advisors or mentors, although Weidman, et al., 

(2001) note that faculty are seldom rewarded for this function nor provided guidelines so 
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that their styles can vary dramatically; autocratic and exploitative, autonomic and 

superficial, benevolent and active in career development, or formal and contractual. Or 

faculty can instead focus on other university roles, such as research or public service. 

For instance, Golde and Dore (2001) note that almost all students in their survey had 

an adviser and more than half had a second faculty member who served as a mentor. 

However, about one-third were not satisfied with the quality of their relationship with 

their advisor and one-third were not at all clear about how much time they could expect to 

spend with their advisor. Those who liked their advisor used many more selection criteria 

than did those who were dissatisfied. 

Anderson and Louis (1994, p. 277) emphasize the importance for socialization of 

role models, such as professors, postdoctoral students, or more advanced peers, and they 

point out that "professors have a vested interest in students' successful socialization, 

since their own and their institutions' prestige is affected by the quality of Ph.D.'s 

graduating from their programs." Guston (1993) defines the important responsibilities of 

the mentor as training the student to conduct scientific research (including instrument use, 

research design, observation techniques, and theoretical and cognitive frameworks), and 

inculcating scientific standards and norms. Other duties are obtaining financial support 

and serving as a role model and as a liaison between the student and the department and 

institution. Moreover, when the mentor leads a large research group, s/he serves as a 

consultant, critic, judge, advisor, and scientific parent. 

Baird (1990), Bragg (1976), Gottlieb (1961), Guston (1993), Pease (1967), and Weiss 

(1981) present studies showing that the frequency and nature of student contact with 

faculty-especially informal encouragement-contribute significantly to retention and to the 

strength of a student's professional role commitment and productivity. This is enhanced if 

the students are treated as colleagues or apprentices. Such encouragement is particularly 
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important for promoting participation in professional types of activities, such as 

publishing, presenting, and attendmg conferences. 

Golde and Dore's 2001 survey showed that approximately half of the respondents in 

molecular biology and chemistry have a faculty mentor in addition to a regular adviser. A 

very high percentage of students in both fields are satisfied with their adviser and the 

amount and quality of time the adviser spends with them. A large percentage have had 

opportunities to make presentations at regional or national meetings or to assume 

progressively more responsible roles in research and are either doing so or are encouraged 

to do so. Science students-through their lab work-were more likely than other students to 

have opportunities to publish, often collaborating in interdisciplinary research. In The 

Acadia Project (Anderson & Louis, 1994, p. 293) students indicated that mentors were 

the most significant influences on their ethics. Students profited fi-om strong professional 

and technical guidance, not necessarily "togetherness." 

Guston (1993) underscores the importance of the mentor, especially a prestigious 

mentor, to the career of a graduate, especially through a record of collaboration. The 

mentor influences academic appointments, publishing opportunities, and the graduate's 

creativity in experimental design. Guston (1993) also expresses concerns about mentoring 

relationships: that females may not receive the same attention and benefits as males do, 

that in large labs students' training may become too specialized, that when cases of 

scientific misconduct arise, the student may serve as a convenient scapegoat, and that 

students may not receive appropriate credit for their work. Guston notes that the 

academic institution's obligations to graduate and postdoctoral students are neither clear 

nor forthcoming. Weidman, et al. (2001, pp. 58-59) summarize research that shows that 

the socialization of females and minorities does not resemble that of their male 



129 

counterparts. Both groups have a small number of available role models and are often 

excluded from the informal peer-mentoring network. 

Climate 

Louis, Anderson and Rosenberg (1995, p. 400) found that departmental climate had a 

strong influence on normative systems regarding research conduct. Research misconduct 

could be predicted in departments with particularism (preferential treatment of some 

students) and competitiveness. And Anderson, Louis, and Earle (1994, p. 220) found that 

students were more likely to observe misconduct over time in a climate that was 

competitive or valued individual research. 

Effect of Disciplines on Professional Socialization 

Smart, et al. (2000, p. 13), for instance, point out that disciplines have "prevailing 

orthodoxies, biases, and definitions of the 'right way to think and act.'" Tiemey and 

Rhoads (1994) define a discipline as a body of concepts, methods, aims, shared interests, 

norms, values, and professional styles. Smart, et al. (2000) and Braxton and Hargens 

(1996) have examined various theories used primarily to explore the effects of disciplines 

on shaping faculty careers and only secondarily to examine their effects on long-term 

change or stability in college students. Anthony Biglan (1973), for instance, designed a 

three-dimensional classification schema that Smart, et al., (2000, pp. 11-12) note received 

177 citations from 1973 through August 1996 in studies of the professional attitudes, 

interests, and behaviors of college faculty. The schema categorizes disciplines as: hard or 

soft paradigm (high or low consensus among members on methods and problems); pure or 

applied; and life systems or non-life systems. 

Braxton and Hargens (1996) report that critical theorists argue against categorizing 

disciplines as "hard" or "soft," or "high consensus" and "low consensus," claiming that 

scholarly knowledge is socially negotiated in all fields. They also feel such judgments are 
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highly subjective and that scholars who utilize such categories do so to justify differences 

in the resources and funding some disciplines receive due to being closer to the market 

than other fields. Studies using the category "high consensus" indicate that these fields 

have more overall resources, productivity, and influence. 

Braxton and Hargens (1996) also describe numerous studies done by Stephen Cole 

that did not find any significant differences between disciplines. Cole also questioned 

whether the concept of "high consensus" or "low consensus" referred to an entire 

discipline or merely segments. Faculty in some fields may only reach consensus on a few 

elements. Moreover, they note that all disciplines exhibit social stratification through their 

professional associations, scholarly associations, advisory boards, editorial boards, 

prizes, awards, citations to published work, and the prestige of certain institutions and 

departments. They also clarify the fact that (p. 6) Biglan's typology is usually used to 

remove disciplinary differences in the context of multivariate statistical models of other 

phenomena. And Smart, et al., (2000) dismiss Biglan's framework as being atheoretical, 

based on differences rather than similarities and lacking the necessary criteria of 

comprehensiveness, clarity, explicitness, the ability to include known findings, and 

parsimony. 

One framework that meets their criteria (Smart, et al., 2000, pp. 29-55) is Holland's 

theory of careers. It includes three assumptions: self-selection -students select an 

academic environment compatible with their personality type; socialization-ihey select 

an academic enviroimient which reinforces their talents; and congruencQ-ihsy flourish in 

envirormients consistent with their personality types. Most science fields fall into two of 

the six personality types; realistic (biochemistry, botany, chemistry, computer science, 

engineering, microbiology, and physics) or investigative (applied mathematics. 
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biochemistry, botany, chemistry, computer and information sciences, engineering, 

geology, mathematics, statistics, microbiology, physics, and zoology). 

Holland's schema is used in undergraduate career counseling. Smart, et al., (2000) 

note, for instance, that students who intended to major in investigative fields had much 

higher self-rated investigative abilities than those not interested in these areas. 

Investigative environments had a higher percentage of primary recruits and faculty in 

these areas emphasize basic analytical understanding of mathematics and science, are 

noted for academic rigor, are more likely to utilize lecture-discussion methods and clear-

cut a priori course requirements, and put great value on examinations and grades. 

Antony (2002, pp. 359-360) points out that there are two different frameworks for 

studying socialization: career choice, such as Holland's, and professional development 

that is used in this dissertation. Antony (pp. 359-360) criticizes career-choice types of 

frameworks. They are focused on the individual and not on the group or organization. 

Individuals often have little freedom in selecting an occupation or type of college. These 

and other choices they must make during the socialization process in graduate school are 

constrained by their socio-economic status and other circumstances. These frameworks 

also stress congruence and assimilation which penalize students who are non-traditional. 

Some writers find differences among disciplines which affect the socialization 

processes. For instance, authors of the Acadia Institute Project found that students in 

chemistry, civil engineering, and microbiology, were significantly more likely to support 

the countemorms than were their U.S. counterparts in sociology (Anderson & Louis 

1994, pp. 283, 290). Weidman, et al., (2001, p. 80) report that faculty in the physical and 

biological sciences focus on training their students to be researchers rather than teachers 

and that faculty in the natural sciences provide their students greater research supervision 

than do faculty in other disciplines. They point out that training in the sciences and 
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medical fields is shorter than that for humanities and social sciences. And faculty advisers 

in the natural sciences usually identify dissertation topics and secure student grants as 

part of their ongoing research contracts. 

Summary and Significance for Study 

Professional socialization is a bi-directional process of self-concept formation 

through which gradviate students gain the knowledge, skills, attitudes, language, norms, 

ideology, and values for successful entry into a profession. Ideally this process will 

accommodate student diversity. Critical professionalization theorists, such as Brint 

(1994) claim that elite science students will enter "expert professions" which emphasize, 

not altruistic service to clientele and public, but the values of the marketplace, capitalism, 

and patriarchy. Most will not be able to obtain positions as full-time faculty. Instead, 

most will work for large corporations in the private sector where they will value 

teamwork and managerial effectiveness, but not focus on solving social problems. 

University-Industry collaborations and academic capitalism practiced by universities 

have caused a shift in climate to more commercial values. Socialization and the adoption 

of traditional norms and values seem to be enhanced through close integration with peers. 

Socialization could be improved if departments clarified their requirements and 

communicated them more effectively to everyone. According to Weidman, et al., (2001) 

universities should provide a holistic, collegial learning environment. 

Mentors appear to be crucial to a student's success, both in the academic program 

and to his or her later career. Obtaining an effective mentor is difficult, particularly so for 

women and minorities who find few role models. Mentors are probably also significant in 

transmitting ethical norms and values due to the problems inherent in formally teaching 

scientific research ethics and the decreasing number of full-time, tenured faculty. There 

seems to be a growing shift in scientific norms and values due to academic capitalism and 
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increased competition in the academic environment. This shift is intensified by 

generational turnover, as those schooled in traditional norms are replaced by those who 

subscribe to countemorms. 

This study will examine students' lengthy socialization processes in order to 

determine how they initially set their professional goals and their value systems and how 

these are modified dviring the various stages they go through from high school through 

graduate school. This study will focus on the type of ideal role model graduate science 

students envision as they are close to embarking on their careers and how this has been 

generated, examining all the influences described above. 
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CHAPTER IV: DESIGN AND DATA COLLECTION 

PART 1: RESTATEMENT OF PROBLEM 

Environment 

From the literature on this topic one can assume that graduate science students in 

elite research universities are being professionally socialized in an environment 

characterized by what Slaughter and Leslie (1997) term "academic capitalism," one in 

which many science faculty will be involved in consulting, setting up spin-off companies, 

and getting fiinding for research for conmiercial gain and not to advance science. And, due 

to resource dependency-the increasing reliance of universities on research fimding from 

the federal government and industry-this environment will be increasingly incorporating 

organizational features of those bodies, such as a bureaucratic emphasis on accountability 

and efficiency and the regulation of intellectual property in the form of copyrights, 

patents, and trademarks, rather than professional practice (Slaughter, 1993; Croissant & 

Restivo, 2001). 

Values 

In such an environment the traditional academic values of basic research, liberal 

education, and the pursuit of disinterested knowledge will be diminished and faculty will 

face many situations with the potential for conflicts of interest and commitment, even in 

regard to students. Indeed, various researchers have found that cases of scientific 

misconduct seem to have increased as the numbers of academic-industry relationships 

have increased (Campbell & Slaughter, 2001). And investigators for the Acadia Institute's 

Project indicate that the university students and faculty they surveyed seem to have been 

experiencing a shift in values, many seeing scientific norms and countemorms, not as 

opposites, but as values one can hold simultaneously without contradiction (Anderson 

and Louis 1994: Anderson, Louis, and Earle, 1999). 
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Moreover, Brint (1994, p. 73), reports a parallel shift in values held by professionals 

from social trustee professionalism which emphasizes ethics, altruism, and socially 

important knowledge, to expert professionalism which emphasizes market values and 

occupational monopoly, autonomy, and the sale of expertise. 

Universities Monitoring Scientific Misconduct 

In this envirormient, government agencies see universities as the most effective 

monitors of research conduct, as they control laboratories and resources, staff 

appointments, and promotion and tenure hearings (Steneck, 1999, pp. 77-78). However, 

Campbell and Slaughter (1999, p. 273) note that universities are in a conflict of interest 

situation as, while they are entrusted with monitoring university-industry collaborations, 

they are promoting them to obtain discretionary revenue represented by the "indirect 

costs" on government grants which are increased by the addition of grants funding for 

graduate and post-doctorate students. 

In 1989 NIH required universities to provide ethics training for students who were 

receiving government grants funds. However, recently the media have reported serious 

incidents of scientific misconduct by major scientists at the NIH, the agency-along with 

the NSF-primarily responsible for setting high standards for ethical scientific research. In 

this context, and particularly to follow up on the 1990s Acadia project on Values Training 

and Ethical Issues, this study intends to examine how graduate science students in elite 

research imiversities are being professionally socialized in order to answer the following 

questions: 

1. Are graduate science students being socialized toward industry or academe? 

2. Are there different socialization patterns for those going into industry versus 
those going into academe? 
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3. Are students being trained to enter the "strategically valuable" career model in 
which professors and their former students form tight networks which allow 
them to move back and forth between industries and universities, often 
significantly influencing the policies of each? 

4. Does socialization vary for females and international students? 
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PART 2: INTERVIEWING 

Interview Subjects 

The initial goal, therefore, was to interview twenty-four students from two, elite 

A.A.U. research universities which had established academic-industry relationships and 

from the same three science departments which the Acadia Project had selected for their 

quantitative study in 1992: chemistry, civil engineering, and microbiology. They chose 

these departments using Biglan's "Classification of Academic Departments" (1973). This 

scheme utilizes a three-dimensional knowledge base: 1) pure versus applied; 2) hard 

paradigm versus soft paradigm; and 3) life versus non-life fields. Microbiology 

represented pure/hard paradigm/life. Civil engineering represented applied/hard 

paradigm/non-life areas. And chemistry represented the pure/hard paradigm/non-life areas. 

They also chose departments that were then graduating large numbers of graduate 

students and eliminated first-year students. 

However, during this study Biglan's scheme was rejected because Braxton and 

Hargens (1996) point out that critical theorists argue against categorizing disciplines as 

"hard" or "soft" or "high consensus" and "low consensus," claiming that scholarly 

knowledge is socially negotiated in all fields. These authors also feel such judgments are 

highly subjective and that scholars who utilize such categories do so to justify differences 

in the resources and fimding some disciplines receive, being closer to the market than 

other fields. Studies using the categories "high consensus" indicate that these fields have 

more overall resources, productivity, and influence. 

Braxton and Hargens also describe numerous studies done by Stephen Cole which did 

not find any significant differences between disciplines. Moreover, they note that all 

disciplines exhibit social stratification through their professional associations, scholarly 

associations, advisory boards, editorial boards, prizes, awards, citations to published 
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work, and the prestige of certain institutions and departments. They also clarify (p. 6) the 

fact that Biglan's typology is usually used primarily to remove disciplinary differences in 

the context of multivariate statistical models of other phenomena. 

And Smart, et al., (2000) dismiss Biglan's framework as being atheoretical, based on 

differences rather than similarities and lacking the necessary criteria of clarity, 

comprehensiveness, explicitness, inclusiveness, and parshnony. One framework which 

meets the latter criteria is Holland's theory of careers (Smart, et al., 2000, p. 29-55). It 

includes three assumptions: self-selection -students select an academic environment 

compatible with their personality type; socialization-ihs.y select an academic 

environment which reinforces their talents; and congruence-Hasy flourish in environments 

consistent with their personality types. Most science fields fall into two of the six 

personality types: realistic (biochemistry, botany, chemistry, computer science, 

engineering, microbiology, and physics) or investigative (applied mathematics, 

biochemistry, botany, chemistry, computer and information sciences, engineering, 

geology, mathematics, statistics, microbiology, physics, and zoology). 

While Holland's theory sounds intriguing, Antony (2002, pp. 359-360) points out 

that there are two different frameworks for studying socialization: career choice, such as 

Holland's, and professional development which is used in this dissertation. Antony (pp. 

359-360) criticizes career-choice types of frameworks such as Holland's. They are 

focused on the individual and not on the group or organization. Since this study is 

intended to investigate the effect of AIRs on the professional socialization of graduate 

science students, the theories of both Biglan and Holland were dropped and the three 

science fields were expanded to include 1) chemistry and biochemistry; 2) civil and 

systems engineering and optical sciences; and 3) microbiology and biomedical engmeering. 
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Also in line with the Acadia Project, this study intended to investigate the differences 

between the socialization of females versus males and native versus international students 

and those on government funds versus those on industry funds. All students needed to 

be close to completing their Ph.D.'s or be post-doctorates. Therefore, the investigator 

intended to recruit one student for each of the those categories for a total of twenty-four. 

Recruitment 

The investigator completed the Human Subjects application in August 2003, and 

received approval of the recruitment and consent forms in October 2003. Following this, 

the investigator held a practice interview (#01) with an international student from 

Thailand who was majoring in physics. In November 2003 recruiting letters were sent to 

department heads and faculty at two major A.A.U. research universities. Department 

heads gave approval and some contacted students by e-mail. Eleven interviews were 

conducted at X University between December 2003 and April 20,2004. During this time 

follow-up post-cards were mailed vwth no responses. E-mail follow-ups were more 

effective. The investigator began to discover that few students were funded solely by 

industry, so expanded that category to include those receiving a combination of 

government and company ftinding. 

On April 20, 2004, the investigator received permission to interview seven students 

(including four post-doctorates) at Y University. Between April 28 and August 20, 2004 

the investigator was able to interview eight more students at X University. One of the 

early interviews (#3) was with a second-year student who had so little experience and 

contributed so little information, that his interview was dropped, providing a total of 

twenty-five usable interviews. 

Recruiting was extremely difficult. Many universities and departments did not 

respond. E-mail was the most effective method of recruiting. However, after the recruiting 
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was completed, a student pointed out that many of his peers would not open an e-mail 

with an attachment. 

Students were coded on consent forms as follows: 

Accession number/university/science field/gender/nationality/funding source 

However, in the paper they are designated by nationality, gender, and accession number. 

Universities were coded X and Y. These two universities are members of A.A.U. and are 

both listed in the New Carnegie Classification system as "doctoral/research universities -

extensive." The various fields were numbered 1-6. International students were from 

Argentina, Australia, Chile, China, India, Lebanon, South Korea, and Switzerland. 

The twenty-five students had the following characteristics: 

7 U.S. males and 7 International males totaling 14 males 
6 U.S. females and 5 International females totaling 11 females 

13 Government funded students and 12 Industry/Combination funded students 
13 U.S. students and 12 International students 

• three U.S. males receiving government fimding 

• four U.S. males receiving either industry or a combination of funding 

• four U.S. females receiving government funding 

• two U.S. females receiving either industry or a combination of fimdmg 

• six international males receiving government funding 

• one intemational male receiving industry funding 

• two intemational females receiving government funding 

• three intemational females receiving industry or a combination of fimding 

The final configuration of twenty-five students is shown in Appendix C. 
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Interviews 

Interviews were conducted in private university offices. They lasted approximately 

an hour to an hour and a half and were audiotaped and later transcribed. Interview 

questions are included as Appendix D. During the interviews students were asked how 

they set their professional goals before undergraduate school, during undergraduate 

school, and during graduate school. Then they were asked how they envisioned an ideal 

professional and how they saw themselves at the peak of their careers. During the last 

part of the interview all the students responded to questions or scenarios which elicited 

their views toward the following scientific values: sharing of findings; collaborating with 

others; integrity toward clients; objectivity toward other scientists and their findings; 

reporting results accurately and objectively; giving fair credit for authorship; respecting 

intellectual property; and avoiding conflicts of interest and exploitative relationships. 

In Appendix F is a description of the purpose of each question in the ethical section. 

Appendix G shows how these were rated. And included in Appendix E is an outline of 

how the responses to the question on the ideal professional were coded to indicate 

whether students met Brint's descriptions of either a social trustee professional (altruism 

and social values) or an expert professional (values closer to management and the 

marketplace.) 
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PART 3: ANALYSIS OF INTERVIEWS 

Coding of Interviews 

The interview data were analyzed using Strauss and Corbin's (1998, p. 10) "grounded 

theory" in which the "researcher does not begin a project with a preconceived theory in 

mind," but "allows the theory to emerge from the data by organizing the data into 

categories according to their properties (or characteristics) and dimensions (characteristics 

which exist along a range). In the "open coding" period, the investigator read all the 

interviews several times, keeping the central study questions in mind to address issues, 

problems and concerns and to identify categories and "in vivo codes," (actual phrases 

used). Axial coding later identified subcategories. The following categories emerged: 

• Transformational agents-those who influenced the students in their career choices 

and ethical outlooks both before and during graduate school. These could have had 

a minor, moderate or major impact. 

• Subcategories-Female agents; Male agents; Extraordinary expectations; Lab 

helpers; Selection of mentor; Good mentors; Flawed mentors; Spouses and 

significant others. 

• Definitive events-events which influenced career choices and ethical outlooks, 

both before and during graduate school. These could have had a minor, moderate, 

or major impact. 

• Subcategories-Serendipitous events; Alternative careers rejected; Business-

Industry Inducements; Supportive environment; Call to graduate school for 

international students; Education in foreign countries; Call to graduate school for 

U.S. students; and Recruitment. 

• Hindrances in advancing career goals -these could be minor, moderate, or major in 

impact. 
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• Minor subcategories: Discrimination; Communication problems; Concerns with 

age; Visa problems; Teaching hindering dissertation projects; and Don't like what 

graduate school is doing to them. 

• Major subcategories: Science is a difficult mistress; Disillusionment with graduate 

school (politics, grants, commercialism and sharing); and Navigating a ship through 

the maze. 

• Career commitment concems-Against careers in academia; Against careers in 

industry; Want balance in career; Need to like what do; Collaborating; Revolving 

door careers. 

• Ideal professional and vision for self-these reflect Brint's ethical divisions 

• Subcategories-Social trustee professionals; Expert professionals. 

Professional ethics 

• Subcategories: Issues in ethical conflicts; Resolving issues in ethical conflicts; 

Identifying conflicts of interest in ethical conflicts 

• In vivo codes (actual phrases used): ^'Navigating a ship through the maze"; 

"Hands-on" and "Hands-off^ mentors; "Professors want to clone themselves"; 

"Jadedgraduate students"; "Empowered due to ability to solve problems" 

Narrative 

It was obvious that the process of professional socialization represented the 

archetypal rite of passage or mythical hero's journey, so the investigator could then begin 

to weave the subcategories into a coherent story of that journey to determine the points 

at which the students' career goals and ethics were most influenced. 

Limitations of Study 

The investigator had to rely on volunteers who elected to respond voluntarily to 

recruiting letters or e-mails. As "self-selected" individuals, they may not have been 
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representative of the entire population, but were recruited from various subcategories by 

gender, nationality, discipline, and funding. Fev^? of them appeared familiar with the 

concept of professional socialization. Most of the students appeared to respond because 

they felt successful and because they felt they had interesting stories to tell. The findings, 

therefore, may not be generalizable, but tend to confirm some of the quantitative findings 

of the Acadia Project and the claims of Brint (1994) about professionalism. 
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CHAPTER V: STUDY FINDINGS AND INTERPRETATIONS 

PART 1: THE JOURNEY-QUEST FOR SCIENTIFIC PROFESSIONALISM 

Achieving socialization into a science profession takes a graduate student through the 

archetypal rite of passage or mythical hero's journey described by Joseph Campbell and 

others as a quest to Mfill a deep-seated need. It is a common process of psychological or 

spiritual human growth that enables the initiate to emerge completely transformed into 

his/her old world to contribute newly achieved confidence and skills. The present study 

will examine the initiations described by twenty-five students to attempt to pinpoint the 

significant incidents that influenced their goals and their scientific moral development. 

The steps on the journey are first, the call to face the unknown and gain something of 

value. Second, the crossing from the known to the unknown-from undergraduate to 

graduate school-an environment which this study sees as gradually evolving to one with 

values close to those of industry. Third is the journey itself which is marked by many 

trials and tribulations and various people who help the heroes through them. And last is 

their transformation and cormnitment to their professional roles. The heroes emerge at 

this point having achieved self-integration and unique gifts and skills to offer their former 

communities (Harris, 2005). 

The Call 

During high school and undergraduate school many of the interviewees were inspired 

through various means to voluntarily undertake the quest for a professional role and so 

begin a journey leading to self-discovery. Most of these students sensed at an early age 

their uniqueness and potential. Many were fascinated in youth by early computers, the 

emerging space program, and the evolving biotechnology industry and disturbed by 

changes in the medical profession. Almost all of them identified a person-a 

"transformational agent"-who had an influence on their lives that varied in intensity. 
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Transformational Agents Prior to Graduate School 

Transformational agents were of minor, moderate, or major importance. Most of 

them tended to appear in the high school or undergraduate years. Given the history of the 

marginalization of women in science, it seems ironic that women so frequently served as 

major transformational agents, stimulating these students' interest in scientific fields or 

careers, both before and after they entered graduate school. On the other hand, this may 

not be so surprising, in light of the fact that females often fill demarcationary professional 

roles as technicians, nurses, or instructors in high schools, community colleges, or small 

liberal arts colleges. The Acadia Project had already surmised that students' norms seem 

to be set before graduate school and that females are very likely to subscribe to traditional 

norms. Many of these influential people had extraordinary expectations for the students. 

Female Transformational Agents and Academic Careers 

U.S. male 12 was strongly influenced by two female community college instructors 

and one female undergraduate botany professor. One of his community college instructors 

had extraordinary expectations for her students, having them do research papers using 

professional journals and taking them on tours of university science laboratories. 

Although he struggled with the professional journals, 12 did a paper for her that triggered 

his continuing interest in an antibiotic-resistant contagious disease. When 12 subsequently 

enrolled in the university as a sophomore, he looked for professors who might want an 

undergraduate to work in their labs. One hired him and eventually".. .she allowed me to 

write some small grants and manuscripts and take part in experiments and really gave me 

a good idea what it is to be a principal investigator in a laboratory." In essence, over a 

three-year period she sociaUzed him as an academic. 

Both peirents of 17, a U.S. female post-doctoral student, are scientists. Her major 

influences were a young female high-school teacher who "made physics really fim" and 
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two undergraduate female microbiology professors, one of whom was her adviser and the 

other the department chair. These two had extraordinary expectations for their students 

and had 17 do summer lab internships at distant universities where she encountered 

different academic environments and discovered her research focus. They also encouraged 

her to go on to a distant graduate school. 

International female 09 first became interested in academics when she did a project 

for a female xmdergraduate professor on the toxicity of lead on immune systems, a 

problem rampant in India. This professor urged her to get a Ph.D. in the U.S. to advance 

her career. 09 noted that today even more Indian women are interested in science than 

were when she was in undergraduate school and "more than fifty percent of the class was 

girls and most go on to get Ph.D.'s or work in industry." 

When U.S. female 11 was in a seventh-grade gifted program, her female chemistry 

teacher combined two bottles of clear liquid "and they turned bright purple and.. .it was 

the closest thing I'd ever seen to magic [so] from that point on I liked chemistry." Later, 

her undergraduate female chemistry adviser assured her that her educational background 

would qualify her for graduate school. Many times 11 mentioned the strong but 

non-intrusive support of her mother with whom she is very close. 

Female Transformational Agents and Industrial Careers 

A few female transformational agents turned students toward industrial careers, often 

madvertently or in combination with unique circumstances. A female high-school 

chemistry teacher had a dramatic effect on the life of U.S. male 10: "I think I was fairly 

intelligent and I don't think my other coursework had ever challenged me and she was able 

to make it interesting enough.. .that I was engaged by it. My scientific mind was always 

there and she was the first one to really tap into it." He "was kind of bored in high 

school," so when he graduated, she got him a summer internship with an international 
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chemical company in his hometown. This job seemed to reinforce the "entrepreneurial 

spirit" his parents had instilled in him. The company monitored his undergraduate and 

graduate progress and offered him a substantial position when he received his Ph.D. 

International female student 23 said her mother and grandmother, both nurses, 

inspired her to work in a medical field. A female mathematics teacher in her all-girls' high 

school reinforced this interest and a female undergraduate professor encouraged her to go 

on for a Ph.D., which she notes "is not the norm in [her home coimtry] where you are 

usually trained in undergraduate school to enter a certain position." She reluctantly gave 

up an exciting job working for the female head of a company making an artificial heart to 

take a company-sponsored, eighteen-month internship at a U.S. university before entering 

a Ph.D. program. Although she found herself a minority in undergraduate science classes 

where out of two hundred students only five or ten were women, she didn't find it a 

negative experience. She noted, "I've been lucky, as I've had connections with strong, 

supportive women." 

Female family members influenced some. International female 14 was four years 

younger than her sister who consistently paved the way for her, first to gain early 

entrance to a prestigious university and then to do her graduate work in the U.S. Both are 

intrigued by careers in industry. 14 said that in her country: 

.. .it is common for females to be in science professions, but it depends on 
which field. Lots of girls are in life sciences where it's half and half. Lots of girls 
in chemistry. In mathematics and electronics engineering less girls. Actually, I 
guess in China that whole situation is very good. We make fian of the 
Communist Party, but one of the good things they have done is erased sexual 
discrimination. They say, "Half of the society is female; we should equalize 
things." 

A female cousin introduced Asian-American student 16 to scientific research by letting 

her do volunteer work in a biotech field in her university laboratory one summer. 
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From the beginning international male 04's family had extraordinary expectations for 

him. His grandfather was a physician and his father a mechanical engineer and from them 

he inculcated the values of "discipline, determination, and dedication." However, his 

transformational agents were his mother, a female high-school biology instructor, and the 

female advisers he selected for both his master's and doctoral degrees. He laughed as he 

summarized this: "There are really a lot of women behind me. Coming from India-

anywhere in the world is male-dominated -I had a lot of influence from these women!" 

04 expressed his determination: "India is a country where competition is at a very 

high level. There are so many people, and to succeed, you have to be very academic 

oriented and [in high school] a lot of people leave sports and other hobbies to a minor 

level to concentrate more on performing [well] at various all-India examinations." He and 

his brother and friends made such sacrifices and 04 expressed pride in the others' recent 

success in the business world. He also expressed early interest in a career in industry, 

remarking that at the time he was in high school "biotechnology and those kinds of fields 

were really booming, so I felt there is more to the field of biology than being a doctor." 

However, even though he was from an upper-class family he experienced problems in 

selecting an undergraduate school: "I couldn't do certain things because I wasn't a 

particular religion or caste of the choice which the government would prefer. So I was 

denied certain opportunities back then. It closed a window, but opened a door." 

U.S. male 20 got little covinseling, especially regarding financial aid, so earned money 

to attend a state university, then worked most of that time, getting socialized in industry. 

His most influential person was a female high-school chemistry teacher. Both of the 

parents of international male 19 are scientists, his father a doctor and his mother a 

chemistry teacher, his mother the greater influence. 
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Male Transformational Agents 

Only three male professionals served as major influences, the rest being relatives. 

Again, most of these were professionals marginalized in smaller colleges and universities. 

A female high-school calculus teacher initially inspired U.S. female 26 to focus on science 

and math and her parents advised her to go into engineering rather than music for financial 

security. However, her transformationEil agent was an undergraduate male engineering 

professor who gave her a project that set both her major field and her eventual Ph.D. 

focus. She went on to do her master's degree with him and met her Ph.D. adviser through 

him. Although she had originally planned to work in industry, she found that she could 

best pursue this new subject in an academic setting. She refers to this relationship as 

"life-changing." 

U.S. female 07 said she "always had this kind of vision that I would just end up 

working in a lab." She attended a small liberal arts college where she had a male professor 

who served as her transformational agent and "turned her on" to analytical chemistry and 

a graduate school that she chose. He designed an environmental research project to fit her 

needs. International male 19 was drawn to polymer sciences by an undergraduate 

professor who had previously been a visiting scholar in the U.S. 

From the beginning international female 02 had a strong bent toward business. While 

her original goal was to get an M.B.A., her father, a famous scientist-businessman, 

convinced her that science was more prestigious, so she earned an undergraduate degree in 

his field, petroleimi geology. She claims that being a female was never a problem for her 

"because my father raised me like a person, not a girl or boy." However, he had 

extraordinary expectations of her. He encouraged her to get education abroad as he had 

done, so she went to Norway for a master's degree because a university there offered her 

a scholarship. She had to spend a year just learning the language. However, at that point. 
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she was married and opted "to get out of the shadow" of her famous father by changing 

her major field to chemistry. 

U.S. male ll's parents are scientists. His father is a biochemist for the NIH and 

seems by example to have instilled in him a very good sense of scientific ethics. A high-

school teacher, however, inspked in him a love for chemistry. His father helped him get 

internships with the NIH both during and after high school, and at first he majored in 

biochemistry in undergraduate school vmtil he found that most of the classes were "almost 

strictly memorization," whereas he "enjoyed being able to solve problems." Also, he liked 

some of his analytical chemistry professors, so he changed his major. 

Since both his parents were in science-his mother a registered nurse and father a 

successful electrical engineer-U.S. male 24 claims he "automatically inherited a technical, 

industry background." 24 worked off and on as a low-level technician at a small 

engineering company to pay his way through an undergraduate engineering program. He 

worked full-time in industry after getting his B.S. degree. Several male international 

students-08 and 25-were inspired to come to the U.S. after working with instructors or 

engineers who had been trained here. In addition to transformational agents, definitive 

events of varying intensity also influenced the career aspirations of a few interviewees. 

Definitive Events 

Some of these events involved synchronicity-meaningfiil coincidences -and strong 

transformational agents. For instance, U.S. male student 05 took an undergraduate class in 

immunology he described as "the hardest course I ever took. It engaged me more than 

anything, but I remember being disappointed that I got a 'B,' because I studied so hard." 

His senior year the minority female instructor asked him to T.A. the coxirse. "And it was 

a great experience to be on that end of it and it made me feel really good about myself and 

gave me even deeper love for the material." This solidified his choice of major in graduate 
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school. When 05 originally was trying to get into medical school, his path changed when 

he fell into a job in a research institute well funded by the Taiwanese government. He 

stayed there five years before enrolling in graduate school. 

International student 13 had a similar experience. During his last year of 

undergraduate school he quit what he called a "sub-slave-level job" under a professor who 

later asked him to work for his engineering consulting firm. Although all students' 

interactions with the professors there are very distant-" You feel you're exchanging with 

these very brilliant people and you admire them"-the working relationship had a 

tremendous ethical influence on him. This professor/boss recommended him to a 

prestigious Ph.D. adviser in the U.S. 

Serendipity also occurred for American female 22. Just before she got her B.S., she 

went to [a large company] for a "practice" interview. They put her through a series of 

interviews during the day that she felt were disastrous. But, just before she was to leave, 

another manager arrived by plane and interviewed her. He was so anxious to hire her, he 

offered her a bonus if she would not go back to finish her degree, but she decluied to do 

that. After a few years in this job she became a very successful manager, and was asked to 

get a master's degree which the company funded. Although these random events occurred 

often, students frequently made deliberate choices. 

Rejection of Alternative Careers 

A number of the students abandoned plans to go to medical school for various 

reasons. U. S. male 05 was disturbed by changes in the health care industry that were 

slowly diminishing the prestige of the medical profession and also wanted to keep a 

balance in his life. U.S. male 24 was also dismayed by changes in the health care industry, 

did not want to be in debt after finishing, and was not really interested in clinical work. 
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U.S. female 16 and international male 04 were more interested in the new biotechnology 

industry. In fact, U.S. female 16 finished her undergraduate degree in three years and then 

took a year off to do an internship at a biotechnology company, apparently solidifying 

her interest in a career in industry. 

One of the most dramatic stories was the moral crisis U.S. female 22 faced in her 

managerial career: 

After 9/11 things got really cra2y at [company] and after some reflection, I 
decided I didn't want to be in the business. It was a very hard decision. I 
was working on national . And so I was very involved in.. .very high-up 
meetings. We were being called to Washington back and forth. It was very clear 
from the very begiiming that we would be going to war. It was really hard for me 
to help make those decisions. People were asking for input and it was very 
obvious it was so they could make the best decisions for going to war and I 
didn't want to be in those meetings. Although I loved my job, I didn't like what 
was happening at that time, so I finally decided that I needed to quit. And, 
although earlier I had thought I never wanted to go into teaching, then I decided 
that being a professor would actually be a good job. 

Other deliberate decisions students made involved choosing graduate school over other 

career possibilities they saw open to them, especially in the business world 

Business-Industry Inducements 

Eleven of these students had jobs either in academia or industry during and after 

getting their undergraduate degrees. Others, such as U.S. male 05 and international male 

04, were tempted to work in industry after getting their master's degrees. And 02 had 

interviews with two big-name companies, but "at last I figured it out. In a company as a 

[master's-degree] chemist you don't have a very challenging job. You just do what people 

tell you [and] I want more challenge in my life." 02 and international male 06 both rejected 

business programs before entering undergraduate school, but are still interested in 



154 

pxirsuing some kind of training for business entrepreneurship after graduate school. After 

he got his master's degree, U.S. male 27 worked at Lockheed which had a facility on the 

UNLV campus. 

U.S. male 20 worked in a university lab all during college. After earning a B.S., he 

worked for seven years for a spin-off company started by some professors from his 

university. During his tenure it was bought by Dow Chemical. He commented: 

I basically think that in order to do science in big pharma you need a 
Ph.D. to succeed. I found that I had gone about as far as I was going to 
go without the degree. Additionally, if I wanted to start up something 
on my own, it's much easier to recruit money or to gain people's 
interest if you have a Ph.D. 

U.S. male 10 got a fellowship from Merck one summer during undergraduate school 

by writing a one-page application for his adviser: "They were just interested in funding 

outstanding students and kind of creating collaborations with the university. I think we 

have some similar things here [in graduate school] with Merck and Pfizer." [Indeed, U.S. 

male 21 got a conference travel award from Merck in graduate school]. 

And U.S. male 21 did one undergraduate summer internship for Kimberly-Clark and 

another for GlaxoSmithKline, both of which were located in the Research Triangle Park on 

his campus. He explained: 

It was kind of nice to have the facilities and equipment they provided and if 
you need anything, you get it without question. And the pay is also really nice, 
especially for someone just coming out of college. Those internships can pay 
$20 per hour. When I was in high school they would say, 'Here go do this 
experiment,' and then I would do that and come back with the results and the 
post-doc I was working with would tell me what to do next. When I was in 
college they basically gave you a project and said, "Go work on it and we'll 
meet three times a week to talk about things." 
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A few of the interviewees had opportunities to have companies pay for their 

graduate education. 20's company would not give him time off. However, U.S. female 22 

chose to remain on full-time status, even though the company would let her work part-

time without suffering any penalties. She describes her experience: 

We were really isolated from most of the other students because didn't 
want you to socialize. That's not what they were paying for. They wanted you 
to leam and get back to work. They even had separate classes for us. We may 
have had one or two other university students in our classes. [Of the twenty-
two in her group she was one of only four women.] 

U.S. male 24 describes his engineering degree as "entirely geared toward industry. 

There wasn't any talk of academia or anything like that. It was all prepare for industry, 

leam technical writing for industry, and getting you out into industry." U.S. male 12, who 

worked in a lab as an undergraduate, recognized a commercial concem in academia: 

I just decided, looking at the main focuses of professors that I knew, everything 
was dependent on fimding. And I realized that the most funding was in the area of 
human medicine so I could keep my interest in microbiology and pathogenic 
microorganisms, but move from plants into animal disease, and preferably human 
disease. In graduate school, I luckily got a spot with Dr. to study and 
there's quite a bit of funding in that area than say agriculture or something else. 

While these students were tempted by other career choices, a number of students eamed 

their undergraduate degrees under marginalized faculty in smaller institutions that tend to 

have good science programs and to encourage students to go on to graduate school. 

Supportive Envirormients 

Before entering graduate school, some of these students found themselves in the 

kinds of nurturing envirormients recorrmiended by Subramaniam and Wyer (1998) for 

training women scientists, as they promote ethics and academic and social integration. For 

instance, U.S. female 17 attended a women's university where: 
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.. .you were as likely to have a female.. .as a male scientific professor. It was 
small and they gave you lots of attention and pushed you toward your 
strengths and tried to make you a better person... .You have to do research to 
graduate. And lots of them collaborate with professors at Y University, so 
you can come down into a bigger university where research is more hard core, 
whereas is quite small and limited by its space and some of its resources. 
Between your junior and senior years they encourage you to go do research at 
a different institution. [The department head] encouraged students [to go to 
graduate schools in different parts of the country] for the whole different 
environmental experience -to interact with a whole different set of scientists. 

U.S. female 07 attended "a little liberal arts college [with] a very good chemistry 

department." Her grandmother offered to pay for her education and gave her a choice 

between a good pharmacy school and where her scientist grandfather had gone. 

"And I just had a good feeling about . It was just a nice, small, comfortable campus 

and they had a band. Everyone lives on campus there." She had a professor in her junior 

year who served as her transformational agent. "It is a research-based kind of institution. 

Everybody there has to have a research project their senior year and then write a thesis." 

U.S. male 21 found professional and social support in a chemistry fraternity that he 

described as: 

.. .almost all undergraduates, so we did a lot of things outside class together. 
But we also could sit around and talk chemistry without feeling out of place at 
all. There were a large number of people who came through during my four 
years who in some way had an influence in keeping me on that course. It was 
nice to sit down and talk to someone about things, especially if you didn't 
understand something. Especially inorganic chemistry. We got together before 
every test and had a big study group. It really helped. 

He remains in the fraternity in graduate school. At 2rs undergraduate school juniors and 

seniors could go for advice to a teaching professor who was also in charge of all freshman-

level labs, "so students got to know him in different ways." At this point, 21 and the 

other students were ready to heed the call to graduate school. 
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The Call to Graduate School for International Students 

The process described by international students reflects the description given by 

North (1995). High schools in most foreign countries separate students into tracks, one of 

which is science. Students may have to compete to gain entrance to a good undergraduate 

school. They then declare a science major and the first few years they take general science 

courses and the last few years they specialize. Students' relationships with their high 

school and college instructors tend to be formal. International male 06 says, "Back home 

there's a little more of a gap between the students and the instructors. It's not as relaxed as 

it is here. They really just lecture and leave.. .so they don't have that much influence on 

you." International male 13 described his undergraduate professional school: 

It's just jungle law. They teach you by being hard... .Here in the States when 
you get a score on the mid-terms, the professor gives it to you turned upside 
down, hidden, but in my school a week after the tests, we had these boards 
where all the scores were posted. And at the end of the semester all the [final] 
scores were published-and if you failed the class, it was there, you know! No 
one had an adviser. Everyone had to fend for himself 

International male 08 describes his undergraduate schooling as chaotic because 

students were demonstrating against the government and boycotting exams and classes. 

Of the few instructors, half had been trained in the U.S. and were good, but the rest were 

old and used texts they had written. He summarized, "Only one or two people fi-om each 

high school can go to universities-they have to be smart, and even though students are not 

ready to graduate, they let them go and study on their own." 

International male 06 grew up in a farm community in Ireland at a time when parents 

often didn't finish high school. Career guidance was poor and only six out of his high-

school class of one hundred went to college. International male 19 and international 
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females 02 and 14 all went to the same prestigious Chinese science university where 

teachers and students have little interaction "because there are fifty people in a class." 

International male 25 went to a French high-school, but aspired to come to the U.S., 

so chose an English undergraduate school, but there the electrical and computer 

engineering degrees were designed for low-level local technical jobs. 

Many of their stories support North's observation of how unique and gifted most 

intemational students are. International female 14 was participating in her country's 

scientific Olympics and was heading for the national final when she received notice she 

had been accepted into a special early-entrance program at a science university. She 

bowed out of the science Olympics. She was only fourteen at the time. Intemational male 

13 had decided to go to graduate school either in London or Melbourne, but saw an ad in 

the paper for proposals for Fulbright scholarships. He applied and was offered a 

scholarship in the U.S., "and suddenly Australia and Britain flew off the map!" 

Most of them-even those from wealthy families-are offered generous support. For 

instance, intemational male 19 whose parents are both professionals said he came to the 

U.S. because "Here I could get a scholarship, but in China I couldn't. And I didn't want to 

rely on my parents any more." And intemational male 15, from an upper-class family, 

noted "it was more appealing in the States because they would pay more. I could live on 

my own. I could actually move out of my parents' place, which I would not have done if I 

had stayed at home for economic reasons." However, unlike U.S. students, they are not 

offered orientations to the communities. 06 remarks, "We just show up." The process, 

however, is quite different for native students. 

The Call to Graduate School for U.S. Students 

In selecting a graduate school, U.S. male 21 recommends "[taking] a look at the top 

list of [science field] schools [on] the U.S. News & World Report listing on the Intemet 
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[and] going through the web sites of the schools to read the research prospectus on the 

professors you think you might be interested in. And consider what kind of environment 

you want to be in outside that school." A recruiter at X University describes the general 

process for her department: 

Last year we had approximately 400 applicants from which we selected 
twenty-six. Each incoming student has one faculty and one student host paired 
up with him/her according to ethnicity. It is possible for students to keep their 
student host as a sort of mentor. We fly in all recruits for a three-day 
orientation and put them up at a local hotel. The first night they have a briefing 
session. Friday night we host a two-to-three-hour catered welcoming session. 
Poster sessions are held on Saturday and recruits sign up to meet with specific 
faculty. Recruits have scheduled interviews with faculty on both Friday and 
Saturday. CUR is a directory listing certain schools. They call the recruiters 
with the names of interested students so the university can respond to them. 
The university does not recruit foreign students or post-doctorates. 

Most interviewees described the recruitment process from their point of view: 

U.S. female 11:1 visited six universities and X showed me all the 
instrumentation labs and where I would actually be teaching and I felt it wasn't 
an attitude like, "We'll take you," but an attitude of "We want you.".. .1 came 
here not knowing what division I was going to go into, so I sat in on the lab of 
the department head. And he had two extraordinarily jaded fifth-year graduate 
students which now I know is normal. I didn't know that [then], so I thought 
he must be horrible. Which isn't true. So.. .1 picked my research adviser 
because he was doing super-fimdamental research, really broad. 

U.S. female 07: Usually people want to go to the research institution where 
there are the largest number of faculty with whom you can establish rapport. 
If you pick a place that has just one person you want to work for, then you 
[might] find out you have a huge personality conflict or they leave. [Indeed, 
she came early "to get a feel for things at X" and worked all summer for one 
professor in a field she decided she didn't like. Then she met another professor 
and ended up having two advisers until one of them left.] 
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Crossing the Threshold-Undergraduate to Graduate School 

Choosing a Mentor 

Choosing good mentors and helpers is very critical at this stage of the quest. U.S. 

male 10 considered a number of professors and focused on one and said, "I liked the 

science he had.. .and I saw him as maybe the most down-to-earth, well-balanced of the 

options [and] I think he had seen me as the kind of person he'd like to have in his group." 

U.S. male 20 commented, "You know, you hear these horror stories and.. .a lot of people 

said to pick someone you feel good about. Getting into a lab that's doing great science 

with a jerk is a miserable experience." He was advised to go to the NIH database to find 

out which professors were getting funding. He concluded, "My adviser is doing good 

science, he has reasonable financial means, and his achievements are realistic." 

Excellent Mentors 

International male 04 describes the methodical way he chose his adviser: 

Dr. seemed like a genuinely nice person at the beginning and she had just 
recently renewed a grant.. .on a very important virus. She said she would give 
me enough freedom to get the feel of the lab first and see if this project 
interested me or we could talk it over and see if I could do something else. So 
the way she put it-rather than telling me what exactly to do interested me. 
Plus I spoke to the lab members at the time, which you always do, and 
everybody had good things to say about [her] and that convinced me to go into 
this new field. Dr. has this rule that every year you should be able to 
produce enough data so that you can attend a national conference. [This] was a 
good incentive for me to work hard in the lab. I have been to conferences in 
four different cities where I have met a lot of the scientific community and Dr. 

encouraged me to talk with them. She used to take me to lunch and dinners 
with professors so I learned a lot from them-the kind of research they do, the 
kind of thinking they have. And I have a paper published now in . I 
learned from her exactly how to do science. She's a senior person and she still 
has that childish enthusiasm in her to do science. And the way she taught me 
to approach an idea and work a concept and understand it is really good. I 
have taught undergraduate biology and [helped] teach a colloquium. 
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Good mentors not only serve as professional role models, but have the power to 

dispense research or teaching assistantships; fellowships; training in writing articles and 

grants; primary or incidental authorships of publications; funding for conferences; training 

in scientific ethics and norms; professional contacts; and job recommendations. They can 

be transformational agents. Various students described other aspects of good mentors. 

When U.S. male 12 finished his B.S., his wife still had a year and a half left, so he 

decided to work on a master's degree. In the process he and his adviser made a significant 

discovery that became a Ph.D. project. They are working with the technology transfer 

office to get a company to patent and develop their finding. Of his mentor he says, "He's 

let me play a very active-and equal-role in this process. It's me, my mentor, and another 

professor, and all three of us are sort of equal authors on all of this material. And any time 

there's a meeting, I am to be present and play an active role. I probably ftilly wrote a third 

of the proposal we submitted to NIH." 

International male 13 describes his mentor as the department head and very 

prestigious, "So usually we get our abstract accepted in conferences. He doesn't need or 

like to be in the spotlight, so he has always sent me to give all the talks... .1 know people 

who have trouble getting [to be] first authors on publications because their professors are 

first authors, but with him'.. .You've done the work [so] you're the first author.'" 

U. S. male 21 has a mentor who is still trying to get tenure, but "he runs the lab [and] 

is around quite a bit, which is nice." In a case of mixed blessmgs, international male 25 is 

working on a collaborative project, so has two advisers. One of them was previously his 

master's adviser and helped him twice "win first prize for the best student paper at a very 
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big conference." Having two successful advisers is good, he says, "but it's harder because 

now I have two persons to satisfy. But in the end I will be benefiting from this." 

U.S. male 10 describes the "plus" side of his relationship with his mentor: 

I think to a fault he probably plays favorites a little bit. And I happen to be a 
favorite! I think I'm very organized, responsible. I work very independently and 
advance his research program. In turn, he rewards me by supporting me both 
financially and intellectually. He's paid to send me to two conferences in 
Germany. I probably have eight publications, three first author, all of which I 
write the first draft and then go back and forth with him in revising them. 

Many of the mentors described so far also had flaws. But two of the females in this 

study have ideal mentors who also happen to be females. U.S. female 22 had two children 

while she was earning her master's degree in engineering and told her adviser she was too 

exhausted to pursue a Ph.D. But when she subsequently quit her job in industry and 

returned to her former adviser, the following ensued: 

Dr. asked, "Are you coming back? Do you want to teach?" I wasn't going 
to go into her area because I wanted to focus more on . So she suggested 
that I go talk to some other professors.. .she thought might be in a closer area. 
[But they couldn't help].. .so I went back to Dr. , and she said, "Okay, 
we'll leam together!" 

The area is esoteric, so they have struggled to get a paper published and they have just 

submitted a grant to NSF. Her mentor is grooming her for an open faculty position. 

The equally outstanding civil engineering mentor of U.S. female 26 also is socializing 

her as an academic: 

The reason I decided to come for my Ph.D. is Dr. works here and she's 
very well known in area, and when I was doing my master's her name 
would pop up in all my literature work and everj^hing. I met her at a 
conference... .At the time I was swinging back and forth between getting a 
Ph.D. or going to work because, you know, four or five more years of 
school-it's a lot. Since I've been here she has given me many opportunities: 
[presenting papers in Italy and Japan, writing papers and grants, and teaching a 



163 

class.] I also took.. .a graduate teaching certification course [to] refine [my] 
teaching skills. And I like mentoring students. A high-school student comes in 
three to four times a week and works up in the lab with me. I want to do 
research on [area] and I think the best career choice for me to have the fi^edom 
to do the research the way I want to is to stay in academia. 

Lab Helpers 

Graduate science students can receive significant help from those in their laboratories. 

For instance, international male 25 has been greatly influenced by two senior researchers 

in his lab, one very focused and professional, but perhaps "too dedicated to work," and 

the other more "laid back." U.S. male 12 mentioned a very distinguished scientist, a 

professor emeritus at the University of , who arranged to volunteer in the lab: 

Although he's very old now, he's still extremely intelligent and has been 
valuable in giving us a very good historical context to put everything in or 
advice that comes from many years of experience. He knows exactly what's 
going on with everyone's projects and always has very helpful suggestions. 

Female international student 09 mentioned that about one-fourth of those in her lab 

are from her home country. Most of them are senior to her and have not only been 

helpful, but have "kind of become my family here." Another female international student 

says, "Lab mates helped me a lot, not only on my research, because we talk a lot about 

careers, what life really means, what we should pursue. Sometimes my adviser [who used 

to be in industry] will discuss with [us] career plans." 

U.S. female 17 raved about a research associate who was in her former lab: 

She had a Ph.D. and she was there long term and she worked on her own 
project, so she was like a bio-technician, but she wasn't a [faculty member]. 
And she was really great, because if you screwed up, she was never upset with 
you and she never made you feel like you were doing things wrong. If you were 
confused, she was a great person to talk to, because she knew science very well 
and she could explain things in multiple ways, so you could understand. 

17, as a post-doc, serves as a helper herself, "kind of on the front line. When students 

have problems, they should come to you [and] you can try to help them work out issues 
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or be the mediator. You do a lot of supervising, suggesting, trouble shooting.. .and 

encouraging. That's been fun." International male 04 serves a similar function: "A lot of 

people like me.. .and since I'm a senior student and a senior person in the lab and people 

think I can do and teach stuff, a lot of people come to me for help." U.S. male 05 has 

work experience and is older than most of his peers, so he also finds himself a helper, "the 

wise kind of guy in the lab." 

International students get no orientation, so male student 06 says he received most of 

his help from "either peers or seniors in seminars. They helped show me the ropes. And 

the guys who were graduating when I got here. [I watched] what they were doing then and 

they explained how industry or academia works here." Another important source of help 

for graduate students comes from those they are closest to on a daily basis. 

Families, Spouses and Significant Others 

These can provide another important source of support, especially for international 

students who have many initial hurdles to overcome. 02 expresses this poignantly: 

I am very comfortable in front of you, but in the beginning I was not. I was 
very nervous. I could hardly understand people, what they're talking about, 
their lives, their topics, even their language. It was also a social challenge. I'm 
still working on it now... .I'm not as young as other graduate students here. 
I'm a foreigner here. I always have an accent. 

And male 25 said it took him a while "to get used to the way the educational system here 

operated. Even studying for classes was different. It took me a year to adjust." 

International male 04 came to the U.S. to start his Ph.D. while his girlfriend finished 

her master's degree. He went back after a year and they were married. She is now working 

on a Ph.D. in the same department, so he is aware their joint career and job prospects will 

require some mutual accommodations. U.S. male 12 says his girl friend has never liked it 

in [city], but is very supportive and willing to make sacrifices until he gets his Ph.D. She 
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and the wives of males 05,06, and 10 are the "breadwinners," providing their families a 

little nicer lifestyle than that of most of their peers. 

On one hand, international female 02 has a flexible situation, since her husband works 

and their daughter is now in school. On the other hand, she is also in an awkward 

situation, as her husband failed his Ph.D. orals, so had to take a job in industry. But she 

has continued with her degree and she says that when she passed her orals, "he's kind of 

'mixed up' because in China, normally the man has the higher degree and higher position in 

society, not the woman." When asked if anyone had hindered her in achieving her career 

goals, she said, "I think that might be my husband. He's working for a company 9 to 5, so 

he's not that busy. I really expect him to help me a lot, to support me in my study. But 

actually I didn't get that support. But my dedication to my Ph.D. is very strong, so I just 

overcome that." 

U.S. female 22 had a successful career in industry before going back for a Ph.D. Her 

company fimded her master's degree and she had two children during that period, so her 

husband cut his job to part-time to be at home with the children and didn't go back full 

time until thek second child was six months old. They are dipping into the equity on their 

home to pay for her Ph.D. Her parents moved here to help with their grandchildren. 

U.S. female 17 was recently married in Manhattan where jobs for her husband were a 

"dime a dozen." She adds, "He had this head hunter and they would call every six months 

and he could move up to another job with more pay. But in [city] jobs don't typically 

pay as well and are not as abundant. Fortimately, now he's working for a very large 

corporation which has offices all over, so it will be less [difficult] because he may be able 

to transfer." Intemational male 06 met his U.S. girlfriend when she was in a college 

"studies-abroad" program. After she returned, he began spending his summers in the U.S. 

and came here to earn his Ph.D. and they got married over the last spring break. 
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International male post-doc 15 who seems to have had a great deal of trouble in social 

interactions during his graduate career claims his life changed when he married an old 

friend, someone "unbelievably social" who just started her own business. He adds, 

"That's a big part of why I don't have a job offer yet, because she would like to stay in 

[city]. We have all our friends here. So after living in the States for twenty years, I am 

trying to create a 'Little Argentina.'" 

Another South American student-13-says his wife has kept him focused. She 

supported them both while he finished his master's degree, then he worked while she 

finished hers. He has a faculty position in his home country, but they are going to let him 

do a post-doctorate in the U.S. while his wife finishes her Ph.D. International male 25 

explains the precise importance to him of this kind of moral support: "Being a Ph.D. 

student-it's a very dedicated thing. If you have a person who doesn't imderstand the 

things going on.. .and the things you have to give up sometimes, it's very hard." As in all 

the relationships described above, a lot of mutual accommodations are going to be required 

as the students proceed through graduate school. 

Journey Through Graduate School 

In the classic quest story, the hero is beset by many trials during the journey. Among 

the various trials the graduate students described are flawed mentors, lack of direction, 

inappropriate dissertation projects, finding science a difficult mistress, conmiimications 

problems, discrimination, and-especially-disillusioimient with graduate school. 

Flawed Mentors 

The mentor 10 chose because he seemed "down-to-earth and well-balanced," 

ironically caused unexpected delays in lO's dissertation project: 
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He thinks up in the clouds and has very idealistic views of how things are going 
to work out. And sometimes the equipment and the capabilities in his lab lag 
behind the ideas he has. I've spent a lot of time getting equipment to work 
before I could do an experiment, wiring electronics and writmg software. 

The mentor of U.S. female 07 makes each graduate student responsible for 

maintaining and scheduling a lab instrument. Not only does this inspire territoriality and 

interpersonal conflicts among them but, even though she's a fourth-year student, she has 

never had the chance to learn about the other equipment in the lab. 

The problem of mentors who are either "hands-on or hands-off" was mentioned 

often. U.S. female post-doc 17 had a double problem: 

I had two [Ph.D.] advisers in two different areas and they both still loved to 
have 100% of the input. It worked out the best for me, because the one who 
left was very hands-on, watching you £ill the time. And when you're new and 
starting out, that's okay. But by the time you're a second or third year graduate 
student, you're feeling more competent. The other one was completely 
accessible, but [he'd only] talk to you hard core once a week. But the direction 
my research ended up going happened to be a field he had worked on thirty 
years before, so his career came fiill circle and it ended up working out well. 
But if you had talked to me in the midst of it-like the fourth year-it was not 
fun. It was hard and confusing because the advisers would have conflicts with 
each other. Also, the one who left was distracted, trying to set up his new lab 
and was sometimes harsh or not very receptive. 

International students 06 and 13 and U.S. female 16 also have "hands-off mentors 

and describe the same paradox. When students are first starting out it leaves them 

"aimless" or "foundering," and they need to be assertive when they need help. However, 

in the later stages of their careers they don't want to have to provide daily feedback. 

16 also points out that mentors can have a significant effect on student publications: 

If you contribute work, he'll put you on other people's papers as well. And 
he's very good about trying to write papers with you. But sometimes I feel he 
just starts writing the paper himself instead.... So it's good and bad, because 
the paper gets accepted faster, but at the same time you feel, "I didn't get a 
chance to leam how to write it." So now that I'm writing my dissertation, it's a 
little hard. We're working on a paper now where I'm supposed to be first 
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author, but I'm also working on my dissertation. So I think my professor is 
writing the paper. But he'll let me be the first author because he doesn't want to 
distract me. He also wants to publish this paper as fast as possible. 

U.S. male 05 also notes "In other labs I have experience with, the graduate students 

will produce data and they'll give it to their boss and their boss will write papers and 

grants. And [many of us] have heard horror stories about kids who get out of graduate 

school and they've never written a paper, never written anything." U.S. female 11 also 

mentions a problem unique to her mentor: "I very much respect his scientific integrity. He 

will not publish something if he's not absolutely certain about it-which is also one of his 

most annoying qualities. He'll spend a year and a half on a paper. Most students get 

through his group and never publish anything." 

Navigating a Ship through the Maze 

In many cases students felt a lack of appropriate support and direction. International 

students may feel as 06 did: 

Back home all your classes are set up for you-like a cohort system. You really don't 
have a lot of choices. So when I got here, it was kind of a shock. I even had to register 
for my own three classes. I had never done it before. You leeim you have to look out 
for yourself Which is the way the world is in general... .It's hard at times to know 
where you're going to go next, especially as you get toward the end of your degree. 

Another international post-doc-male 19-chose a mentor from his own country who 

was "not too bad, not too good." At some point he had to change mentors. Since his 

English was not good enough for teaching and his "graduate studies were not good enough 

for industry," he had to accept a post-doctorate to get additional training. 

International post-doc female 18 matter-of-factly described what seemed to be an 

exploitative situation with her mentor; 
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My adviser was doing his habilitation [in Europe similar to getting tenure]. He 
had to work as a lecturer at the university fifty percent of the time. That means 
he was gone two or three days a week and during that time, I just learned to 
make my own decisions and when I got a result, I had to think about it myself 
So I learned to think independently and analyze the results and then design a 
new experiment and run it. [When she published her results] he was the first 
author, the one with the star, because he needed it for his habilitation. 

In some cases students lost their support networks. International female 02's mentor 

took another job and left fimding for her to complete her Ph.D. and promised weekly 

conferences with her. She continues; 

Before [he] left, I was working under the guidance of post-docs. But after the 
whole group left, I had to work all by myself. The group I'm working in right now, 
their research is quite different from my project, so normally I have to solve my 
problems by myself So it was very hard in the beginning, but right now I feel 
comfortable.. .and that is the beginning of being a professional scientist. 

Intemational male 08 got a sub-standard education during a chaotic period in his 

country's history. In the U.S. he went into a lab with a mentor of a different nationality. 

08 provides half of his own funding, the other half coming from a federal lab job he 

obtained through a coimtryman. The mentor seemed imaware that 08 privately audited 

mechanics and mathematics classes his first summer because he was too ashamed to tell 

anyone he was lacking in some of the necessary fundamentals. He said the only 

conference he has attended was in state. 

Moreover, 08 and his wife had anticipated getting some support fi-om the local [home 

country] commxmity but this was not forthcoming. In his mentor's lab he is "working on 

theory, not much on experiments." Although he wants to work in industry, "With the 

subject of my dissertation I doubt I could find a job except in an academic area. And even 

though I may recognize in the future that I might have wasted my time, I feel it is worth 

it, because it has made my thinking structure more highly advanced." Culturally he seems 

to have been sociadized to be deferential to authority figures. 
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U.S. male 05 did not get to select his mentor and also feels he is getting inappropriate 

support: 

[My adviser] e-mailed me when I got accepted and said, "I've got a spot in my lab 
and this is what I work on." And I didn't know that people do six-week rotations 
and then decide at the end of the first year which lab they are going to go into. 
And so I just fell into his lab, though I have some regrets because there are some 
other topics I would have liked to research a little more... .1 feel as though I'm 
definitely navigating a ship on my own as far as preparing for a professional career. 
I don't feel like the guys-especially my boss-know anything about [industry]. 
Academic institutions continue to hire people who have always been in that 
environment and my boss has this animosity that borders on fear of the 
industrialized biotech world.. ."All of a sudden they put money into science and 
there go your ethics!" He's always been a little resistant on embracing new 
technology, so I feel my technical education has suffered. That's one of my big 
fears. I'm going to get into a situation where I'm going to be expected to know X, 
Y, and Z because I already have my Ph.D., but I'm not. And a lot of the other labs 
in our department are doing things that I don't know how to do. 

U.S. male 24 explains that, although his mentor has been helpful with publications 

and conferences: 

.. .he hasn't been very involved in my goals or shaping where I want to go. The 
lab is usually far away from our home department. My adviser has no 
conception of engineering or industry, which is where my goals lie, so I'm 
getting no training or support in preparing to go into industry, only training in 
research... .Even in Dr. ^"s lab who has heavy industry ties, his students are 
still doing research. I don't think there are very many students who are 
collaborating with industry that much or doing internships over the summers. 

Perhaps this problem mentors seem to have in socializing students toward careers in 

industry may be related to a long-held tendency for professors to "clone themselves." 

U.S. female post-doc 17 addressed this at length: 

[Advisers] spend so much time molding you, they want you to follow their path, 
especially if they think you have promise... .[We] encounter resistance if [we] 
suggest we're not going to follow "the academic path." They're not keen on 
encouraging you to do other things. They'll try to convince you to stay, 
because-even if you go out and become a truly successful scientist or professional 
in another area-they really want you to go the same route that they did. [If you 
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explain how much thought you put into it] they will eventually come around, but 
they want their proteges out there. Like Austin Powers. He cloned himself! 

Students also reported difficulties with discrimination, communications, and (as might be 

expected) with finding science difficult within the timelines of a graduate degree. 

Discrimination 

U.S. female 26 mentioned a problem in her male-dominated field: 

Sometimes it's difficult at times because you're surrounded by all men 
that think a little bit differently than you do, so it's harder to relate to 
them. You're under a lot of pressure and having someone to talk to is not 
always prevalent because there's too many men in the field. 

She was the only U.S. student in her Ph.D. program, among those fi-om India, Jordan, 

Colombia, Spain, China, and Korea, mostly males, and she added: 

.. .as a woman [it is] a little bit harder I think to work with some of the 
international students that come fi-om cultures where women really aren't 
treated equally... .1 had one Ph.D. student ask me why I was getting a Ph.D. I 
mean, I should be home, getting married and having kids and things like that, so 
sometimes that's a little bit difficult, but I just don't let it bother me. 

U.S. female 07 also criticized foreign students. She described a previous unfortunate 

experience doing a fourteen-week undergraduate internship at a distant university. The lab 

was run by a [foreign-bom] professor who had a group of thirty students, most of his 

own nationality. "Everyone spoke [language] all the time" and the graduate student she 

was assigned to "was finishing up his Ph.D. and wanted nothing to do with me. So it was 

a struggle." She claimed that her current adviser tells the international students what to do 

and interprets everything for them, whereas he expects the American students to interpret 

everything for themselves. 

On the other hand, international female 02 felt that the "American graduates in her 

program can get good jobs easily while foreign students usually have to take post-docs." 

And international female 14 had a traumatic experience with someone at her university 
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which she would not divulge, saying only: "Some people I met made me decide to switch 

from academics to industry. I don't think it's a very happy experience with them, but 

they kind of give me a [bad] view of the society." U.S. student 22 was a T.A. for a 

professor who offended her by discriminating against international students in the class. 

A male student from Australia says international students view him as a native, but 

U.S. students view him as foreign. On a more positive note are the comments of two 

international students. 25 said he "had to get socially used to all the cultures [in the U.S.], 

learning to understand and work with people from other backgrounds, styles, 

personalities. That was hard [but] it helped me as a person and professionally." And 

intemational female 18 says, "We are a culturally mixed group, but I usually hang out 

with Americans, so they showed me the things here and shared with me the American 

way of life so I think that had a very positive influence on me." 

Communications Problems 

A number of students stressed the importance of being able to communicate scientific 

findings while others chronicled personal difficulties in interpersonal communications. 

Intemational male 06 notes the significance of this: 

For people I like to work for, I think communications is a big thing. I've met 
a lot of people in science especially who are very brilliant, but they have a 
hard time attracting other people. It's very hard to work for someone like 
that because you're always guessing what they want you to do. 

U.S. female 07 also emphasized the ability of being able to clearly explain concepts: 

People, especially scientists, are not always socially apt. I think somebody 
who is successful is somebody who is well rounded, not just in the lab all the 
time. Not thinking about [science] all the time. I think to be a truly successful 
professional you need to have the social skills to enable you to communicate 
with other professionals. A lot of people when they're trying to teach you 
something, will just say the same thing over and over again and expect you to 
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absorb that when maybe you need to just step around the comer and explain it 
in a different way and look at it from a different angle. 

Other students admitted having their own difficulties with interpersonal 

communications. International female 14 is funded by a bioinformatics company, but is 

not their employee. She downloads their genomic data and takes it to the university lab 

for analysis. When she first came to the university she tried to teach, but had language 

problems and instead operated machines for the students, so didn't have much 

communication with them. When asked if she felt adequately frained to work in various 

areas, she replied: 

If this just means the techniques I need to manage the work, I think yes. But 
if this also includes social activities, building up social work relationships 
with other people, I guess I still need to learn about that. I guess this project 
[with the company] cannot help me, because I need to communicate with the 
people in the company. And actually we try to meet every day to find out 
about things. That kind of helps. 

Another international student-male 15-seems always to have had great difficulty 

integrating himself into either his academic or social milieu. When choosing a major he 

considered "engineering common," "biology too fashionable and crowded," 

"mathematicians outcasts," and "scientists different-thinking about our own stuff," so 

chose chemistry as having "some social life." In the U.S. he chose a new professor:".. .it 

was just him and me. And I had to start the lab from zero." But, because the adviser had 

no contacts with industry, 15 had to take a post-doctorate and chose a second adviser 

who also has no industry contacts. 

15 does not like teaching or making presentations or networking with professionals at 

conferences. He supervises experiments in the lab, but does not really enjoy working with 

most of the students. For three years he was the only person in the new lab with his 

adviser until a friend from his homeland joined. He has been a post-doc for more than five 
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years and has been looking unsuccessfully for a job for the last three. He was offered a job 

in the defense industry, but has to wait five years to get naturalized to do that. 

Science Is a Difficult Mistress 

Many of the students, both males and females, confessed to feeling very frustrated at 

times with how difficult and time-consuming science can be. For instance, U.S. male 10 

describes his research: 

You can work the hardest, put in a bunch of hours and it just doesn't work. I 
would say that bit of chance or uncertainty in the whole process is what 
slowed me down the most. Probably for every thing I have in the 
dissertation there's probably something else I tried that didn't work. A lot of 
your scientific work does not work out on the time frame you desire. 

"Biology is a very confiising-in the sense of indeterminate-field," notes international 

male 04. "Every day humans do things which you cannot explain. That holds true for any 

microorganism. So it is important to ask the right questions.. .imtil you get to the heart of 

the matter." As a child his ambition was to find a vaccine for a disease, but "as you get 

more education you realize everything is more difficult and diseases are more complex." 

Intemational male 06 also talked about the tension he feels about whether things are going 

to work out in the lab for his dissertation. 

Sometimes this tension is specific to a project. For instance, U.S. male 12 says, "The 

actual research [is] very difficult and what I'm doing is a very new thing that's never been 

done in [disease], so there's not a lot of things to follow, so there's a lot of trial and error 

and a lot of error [laughs] and not so many successes and about three steps back for every 

one forward." One of the few students supported entirely by industry-international 

post-doc 19-complains, "I think basically my [post-doc] is not good for my career. It's 

very time-consuming... .We stay in the lab most of the time. Sometimes it's boring. 

Sometimes when the product didn't work out, I got fhistrated." 
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U.S. female 16 agrees, "You know when you start in a lab, you feel gung ho over a 

project, but then it doesn't go very well, so you switch projects. So I'm actually high on 

my third or fourth project." International female 02 is specific: "For chemistry 90% of the 

time your work [doesn't] work; only 10% works." And U.S. female post-doc 17 adds, 

"Graduate school is hard and an individual experience. You get criticism and it's good and 

you learn to work with it." U.S. female 26 demonstrates dedication: 

I always knew I could work hard, but I didn't know how hard.. .until I came to 
grad school. I work a lot of really long hours. I'm doing a lot of lab work and 
sometimes it just doesn't work out the way that you want it to-very rarely 
actually [laughs]. It's very frustrating. So I think grad school has helped me to 
become a stronger person because I know that I have to keep going. It's not going 
well, but I know if I keep trying, keep working at it, it will happen. 

Minor Distractions-Graduate students also experience a variety of minor 

distractions. Among them are concerns about age and teaching responsibilities. Like the 

physics students described by Traweek (1988), many of the students who spent time 

working before graduate school feel a certain sense of urgency. U.S. male 5 articulated this 

clearly: 

I used to be the guy who was in the A.P. science class and chapters ahead of 
everybody else. I took college prep courses in high school and cumulated twenty-five 
college units, so by the time I was a sophomore, I was a senior units-wise. Always 
ahead of the game. Then all of a sudden I got a job and then went back to graduate 
school. And I think because of the lab I'm in and the circumstances of my research, it 
seems like it has taken me forever. And all of a sudden I'm thirty-two and everyone 
around me is yoimger. I took five years off to work and I think it served me well. But 
now suddenly I feel I'm behind. 

Most students who have teaching assistantships find those duties hinder their 

dissertation work. International male 06 comments, "It takes quite a chunk out of your 

week [and] it takes the middle of the work day as well." He enjoyed teaching, as did U.S. 

male 10 who remarked, "Teaching just takes time away from your research and it's hard to 
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fully commit yourself to it. But I'm a perfectionist and found myself spending a lot of 

time on it." International female post-doc 18 said she "really enjoyed teaching, but 

research is so time consuming, you can barely do it on half-time. But teaching you could 

do it part-time and do something else. [My] research project.. .didn't move along very 

fast, because I could only spend about half of my time on it." Nineteen of the 

interviewees taught at some point. 

Disillusionment with Graduate School 

Students articulate more serious complaints as they near the end of the journey. 

Some students don't like what graduate school is doing to them. Like the "very jaded 

fifth-year Ph.D. student" 11 encountered when she first entered graduate school, most 

students nearing the end of their professional socialization express a lot of disillusionment 

with academia. The Acadia Project also found that many students they surveyed did not 

like what graduate school was doing to them (Anderson & Swazey, 1998, p. 12). And 

what U.S. female 11 said closely mirrors the comments made by female students in the 

1998 Subramaniam &Wyer study who attributed their feelings to the male-dominated 

nature of science and science programs: 

I'm not remotely the same person I was when I came in. I used to be much more 
of a free spirit and much more uninhibited and just possibly happy [laughs]. 
And I found a lot of my creativity being stifled. And I'm being forced into a 
mold I don't fit into. So I've learned to play the game. The mold is basically 
[that of] a robot. You just do what you're told and you just don't think outside 
of what you're supposed to think about and you don't have any sense of humor 
or fun at all. And you're not supposed to have a life at all outside of [field]. 

Others were fhistrated by the politics of academia. A U.S. male summed this up: 

I'm jaded...in terms of what I think academic institutions do to people. I'm really 
turned off by the bureaucracy, such as the.. .human subjects program. There's 
so many of these. I know they're set in place to protect people, but I just think 
they're taken to an extreme. If you think it's important to be in a situation that 
fosters productivity, you won't get to know what that's like because I don't 
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think an academic institution is like that. I feel that my boss is more caught up in 
the politics of the department than in the actual work. 

U.S. Student 12 complained along similar lines: "The politics of our department-of every 

department, [is] sort of disappointing. And now I realize that's going to be a part of what 

I'm going to be doing probably no matter what." 

Many students disliked the commercialism they found in academia. 12 mentioned 

switching in undergraduate school to a field that was receiving consistent funding and 

most of the students expressed similar concerns about the current grants process. U.S. 

Male 24 claims his disenchantment started in the required scientific ethics class he took: 

I learned in there how much there's a lack of ethics in science I never expected. I had 
this idealistic view that people were in it for the sake of gaining knowledge. But it's 
just like everything else where people are really in it for power, for prestige-not 
necessarily for money, because there's not much money to be gained in academia. But 
I just learned that there's a lot of very bad science going on-people forging data, 
changing things just so they can get published, just so they can get the prestige, and 
being very petty. As it turns out the people who get the grants are the people who 
have lots of background and have already done lots of work in an area-as if the 
agencies give grants to the sure things! And the whole point of the funding from NIH 
and NSF is to produce new knowledge and invention-to be taking a chance! They 
don't seem to work as they should. So I was just disappointed by how hard it is to 
get money for new ideas and new research areas. And observing my own adviser in 
what he has to go through for human subjects approval for his granting process and 
just all the red tape and bureaucracy that has to be dealt with. It's a huge tumoff 

Many others were similarly cynical about the "disinterested search for truth." 07 

commented, "Professors can't do the research that doesn't get funded, so to some extent 

they're doing the research that they know will get funded." 06 adds, "If you're not 

publishing results, then you're not getting funded. If you're not getting fimded, you're not 

getting paid, so there's a big driving force for people to use science to get funded as 

opposed to doing science that's good. So things you read in journals are not necessarily all 

that novel." 06 also refers to the "buddy network" in science whereby "if you know 

someone, it's definitely easier to get your work funded, published, whatever." His field is 
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not getting much funding and he's aware that "you have to be in the top percentile of what 

people are doing to be funded." 

U.S. male 20 was working in a company with an ex-professor who didn't get tenure 

and commented, "He was a very productive scientist, but he basically didn't bring in 

enough money. I think the funding is controlled in such as way as to orient the direction 

the research goes. There's an interested search for truth." U.S. male 10 is even more 

specific: "Research advisers.. .have an agenda. They have a research program that they 

want to see work and a lot of times they approach a project, not like maybe an 

experiment you're doing-'Here do this study and report the results'-it's more-'I want this 

technology to work. Do what you have to do to get it to work.'" 

His remarks are underscored by 15, a post-doc in charge of lab where he is the first to 

evaluate the data students collect: "Professors like to get results. And sometimes they 

over-read the results. I'm basically in charge of not letting that happen. And I am very 

careful when we reach a conclusion that our data supports that conclusion." And U.S. 

male 21 concluded, "That's one of the interesting things in science is that some of the 

professional recognition in journals comes, not necessarily on what's the best science, but 

what's the hot topic." 

Perhaps the flawed granting process is what convinced many of the students that 

they wanted teaching professorships or to be at smaller colleges so they did not have to 

run large labs. U.S. male 21 expressed this opinion: 

I don't think I want to be a research professor at a major university like this, 
because I don't want to sit around and write grants all the time. Even though it 
involves projects I'm developing, it just doesn't strike me as being the most fun. I'd 
rather do more research. Some professors now, they don't ever step foot in the lab 
any more. They teach, they go to their many meetings, and they write grants. 

International female post-doc 18 always wanted to teach science, and even earned a 

master's degree in higher education, but realized:".. .when you go into academics, you 
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don't have time any more to do lab work. Maybe at the beginning. But then you're so 

busy teaching and taking care of your grad students, assigning them projects... .All the 

people I've seen just can't do it any more." U.S. female 07 wants a job in a lab, but if she 

had to take a teaching job, she would want to be at a smaller institution, focusing on the 

teaching "rather than running a research group and worrying about fiinding." 

Other students were disillusioned about communality or sharing. U.S. female 07 and 

U.S. male 12 have mentors who encourage them to network with colleagues around the 

country, as it might help them get materials, such as reagents, that other groups might 

have exclusively. When asked if other groups shared willingly, 12 replied: 

No, not always. But it's interesting, because in an ideal world-when you're 
taught as an undergraduate, especially science-everybody is sharing information 
and ideas and all that-but when you actually get there, it's very different. It's 
very competitive. People do not share information. Even in publications, people 
leave out very critical things [and] that makes it very difficult for other people. 

Intemational female 23 agrees with him: 

We're in a world where everything becomes commercialized. And 
particularly when you're doing collaborative work with companies, you can't 
share everything. But even when you read articles in journals, groups out 
there simply don't print all their methods out because they don't want 
people to know exactly how they did it. It's one of the big frustrations of 
trying to conduct your own research is trying to use other people's methods, 
but if they leave steps out, you can't. Everybody is afraid of being trumped! 
That's part of the problem when you're fighting for funding. 

The Abyss 

After a long series of trials and tribulations and serious disillusiormient, the hero's 

journey often reaches a very low point. The two students who lack support systems, the 

female who feels handicapped by her social skills, and the two post-docs who are 

desperately searching for companies that will sponsor them have all reached relatively 

low points. But, among this group of interviewees, only one student experienced a 
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dangerous point. U.S. student 24 is one of those who felt himself "navigating a ship on his 

own," primarily because of problems with self-motivation. He felt the academic 

environment was too lax and had few deadlines. And he tended to get sidetracked by more 

appealing projects. He failed his oral comprehensives once and said: 

I was even advised that I might not want to take them again, [that] I might just 
want to get a master's and drop out. But I wasn't going to let this get in my way 
and I said, "There's so many much dumber people than I am who don't belong 
here. I'll be damned if I'm going to fall through the cracks because of this." 

This attitude seemed to bolster his confidence and he passed the second time. But 

U.S. male 20 remarks on the fact that "The master's degree can be harmful in the sciences. 

[You] may get one because you withdraw or are kicked out of a Ph.D. program. I've been 

involved in interviews where the first question in people's minds is 'Is this a booby-prize 

master's or a real one?" 

Smallwood (2004, p. 1) addresses this problem of doctoral attrition. He says that, 

although "no comprehensive national statistics are available, studies suggest that the rate 

for Ph.D. programs is forty to fifty percent, a huge waste of money and talent." He also 

cites a study by Diffley that found little to no academic difference-based on GRE scores 

and undergraduate grades-between completers and non-completers. 

Transformation Phase-Commitment to Role 

Only three students-10 and 16 (industry-bound) and 09 (academics-bound)-were 

consistent about their goals throughout their journey. Only two of the interviewees had 

obtained jobs, one in academics and one in industry. 04 had been offered a post-doctorate, 

16 and 11 were applying for post-doctorates, and several post-docs were trying to get 

jobs in industry. However, most of the interviewees had not yet started searching for 

jobs. Nevertheless, among these most had definite reservations about careers in either 

academia or government or industry. 
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Concerns about Careers in Academia 

U.S. male 24 was turned against academia by a class in scientific ethics and 

international female 14 was turned against academia by something insulting someone said 

to her. But many other interviewees (06,07,15,17,18, and 20) were disenchanted by the 

university grants system and did not relish the idea of trying to maintain funding for a 

large lab. As U.S. female 16 stated, "I think I have become a more well-rounded person. If 

you really want to be a big success-like run an academic lab and become a professor-I 

think you have a hard time having a balanced life." And female post-doc 17 realized that 

the pressures of achieving tenure would interfere with her plans to have a family. 

Others, such as 07,18, and 27 really want to stay in the lab and do hands-on 

research. As 23 remarks, "I knew from my undergraduate days I wanted to be doing 

research.. .so I think that's why I'm not aspiring to become a Ph.D. manager." U.S. Male 

21 also wants to do lab work, but can't if he's running a college lab. He prefers instead to 

be a "teaching professor" whose only job is to teach classes. U.S. female 07 would only 

be interested in teaching at a small institution, not at a "huge academic powerhouse." And 

U.S. male 05 would only teach after he had prior experience in industry. 

Strategically Valuable Careers 

Smith-Doerr (1999, p. 19) and Slaughter, et al., (2002) describe "revolving-door" 

careers in which scientists move strategically between industries and universities, 

influencing the policies of each in the process. However, this may only occur with 

successful people at the upper levels of each profession. U.S. female post-doc 17 

elaborates on the difficulty of going from industry back to academics: 

But we did have a professor at who did that. It worked out for him, but 
usually if people leave, they don't really consider coming back and when 
they do.. .it's usually at a much, much higher level versus trying to come 
back at the [assistant] professor level and trying to work up. In science.. .if 
people have Ph.D.'s [they] don't refer to themselves as 'doctor' or anything 
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like that, but it's this noble type thing and you're supposed to do it purely 
for the knowledge. And if you go into industry, it's like you're selling out. 
You're going to lose some of your academic freedom. You might not get to 
publish as much [and] somebody else is going to be dictating what you're 
doing. It's now just for business and not for general knowledge: "Oh, you're 
just doing it for the money." And so people see you trying to come back, 
and they might be skewed against you. "Why are you leaving industry? 
You're not happy there? You can't hack it there and you think it's easier 
here? Why should we take you back?" 

International female 18 also remarked: 

Maybe after a year [I could go from industry back into academics] but 
that's probably the maximum. Well, nowadays I don't think one way sets 
one's life. If I really wanted to, I could do it. It has happened.. .1 know 
someone.. .[who] had been in industry for a couple of years and then went 
back to academics. But he's a male. 

Concerns about Careers in Industry 

Four students were disturbed by problems with ethics in industry. 22 had already 

experienced an ethical conflict in industry and left. 27 did not like R&D that was totally 

focused on applied research, had encountered numerous managers who resisted keeping 

up with changes in the field, and felt that a local industry had pirated a device designed by 

his university department. Student 11 wanted to avoid industry because of ethical 

concerns and said she found "government frightening and restrictive due to their amount 

of control and power." 12 addressed the scandal of companies fiinding research and 

directing the results and not publishing any negative data. 

International female 02 was convinced that she would not find work in industry 

challenging enough. International male 13 addressed this to some extent: "Consulting is 

very exciting because you always do different projects and they're very short-term. It also 

gets a little tedious sometimes because you start repeating yourself. And once you prove 

that you're good at something, your bosses will want to [exploit that] and won't assign 

you to other jobs because it's not efficient. So [after four years] I started getting a little 
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bored." U.S. male 24 complained about the bureaucracy and red tape he experienced in 

large companies, preferring smaller companies where he has had "more variety and more 

control over the speed at which things get done." 

Several students were getting advanced training because they claimed companies do 

not want to spend a lot of time doing this. International male post-doc 19 explained: "If I 

go to industry, probably I cannot handle some instruments. I do not know much about 

the product they're working on, but I can pick that up very quickly. Some companies 

want you to start to work right away, especially small companies." On the other hand, 

the student who had previously been a manager, described a phenomenon of 

"generalization" in the supportive way they had socialized employees in their large plant: 

We assigned a person to a job that may or may not have been in the area they 
really desired. But it's a job that you really can't screw up, a job where there's a 
lot of support. There's a lot of leeway for them and they can learn about how 
things fit together. We just realize that it's going to be a year or a year and a half 
before they have sufficient knowledge that they can, and by that time it's usually 
pretty clear where they really should belong. Those who will understand the 
bigger picture.. .will.. .figure out which pieces interact with what they're 
working on. Even in school you don't realize how much systems play together... 
And no matter what you're assigned to, you're going to learn about that system, 
the people who use it, the hardware it's running on, the software it uses... .It's 
very easy then, to get a software engineer to go into electrical engineering or into 
human factors. It is easy to move around between disciplines. A lot easier than 
they make it seem in college. Here [at X university] we have all these different 
engineering disciplines.. .and it seems most of the students feel the disciplines are 
very different without realizing that once you get into the work force, after a year 
or two on the job you can switch over to anything, really. 

Empowerment through the Ability to Solve Problems 

The genereilized socialization process 22 describes above seems to have been achieved 

by many of the interviewees who boasted of their new-found ability to solve any kind of 

problem, even in a field other than their Ph.D. major. For instance, U.S. male 10 has: 
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.. .developed the ability to solve any research-based problem. I feel like I 
could even go work for a company that does biology stuff even though I 
haven't done it. I know I could read about it and leam about it and eventually 
help them develop some of their products or solve some of their problems for 
them. So I feel very empowered in my ability to solve problems. 

U.S. female 11 agrees and comments, "I can open up any textbook, find a problem, and 

find the answer. It's been amazing to watch my brain leam how to put pieces together." 

International female 02 said," I'm really happy if I can solve some problems. In 

graduate school you leam the basic science knowledge in your area-problem-solving 

abilities-that works everywhere." U.S. male 21 chose analytical chemistry as his major 

because he preferred "being able to solve problems." Intemational student 13 was 

influenced by his professor/boss, "not necessarily regarding a specific field of study, but 

in how he approached a problem." Graduate school taught intemational male 04 "how to 

do research, think conceptually and go to the root of the problem, analyze it and ask the 

right questions.. .until [I] got to the heart of the matter." 

And U.S. female post-doc 17 concluded, "Graduate school is not so much about 

obtaining knowledge as it is about shifting the whole way you think about everything-

how you see scientific problems and try to be objective and work through things." 09 said 

graduate school has changed the way she looks at science: "It's no longer theoretical 

knowledge. I've become more application-oriented in my thinking." 

23 said she has "developed her abilities in how to put together good science, how to 

start firom scratch when developing experiments and designing and conducting them and 

analyzing the results" and 21 said, "I'm more independent and my basic understanding of 

chemistry has gone to another level, primarily through teaching." 16 feels she has become 

"more well-rounded, not entirely focused on academics or my career as much as I used to 

be. Scientifically I'm better at deciding what experiments I need to do and how I think 

things through. I feel like I'm prepared to leave graduate school and move on." Graduate 
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science students are also assumed to have informally learned about research ethics which 

includes sharing and collaborating with other scientists. 

Trained to Collaborate in the Future 

Good mentors promote collaboration. 12 and his mentor have fostered good relations 

with a visiting scientist and notes, "There's always been talk of us going to Egypt and 

holding a little workshop, because our facilities and techniques are a little bit more modem 

than they have over there." U.S. female post-doc 17 remarks, "Collaboration is 

encouraged, almost required in my lab. In independent labs," she notes, "everybody's 

project is kind of isolated. And, though you don't have problems of stepping on others' 

toes or being afraid someone will steal stuff from your project, if you're too isolated, you 

don't have people who understand your project, so you can't get relevant feedback." 

The mentors of U.S. female 7 and U.S. male 12 encouraged them to network widely, 

especially in order to be able to get special materials and to set up collaborations. U.S. 

female 11 received a sample for analysis from a very famous scientist in her field. She was 

subsequently able to collaborate on a related project with him and to be one of seven 

authors on an important article that appeared in Science. 

International male 13 was working on a joint project that "involved many different 

researchers from many different schools [including X and Y universities]." He called a 

colleague at X University and told him he would like to work in his lab and they gave him 

a computer and funding. International male 25 who is also working on a collaborative 

project at his university boasts that he is "very good working in a team environment." 

Intemational female 23 describes a very successful professor in her program whose 

"research interests are broad enough should things divert one way or the other, he still has 

funding opportunities available to keep his lab floating. The sheer amount of 

collaborations he has going and the number of contacts he has-I think that's the only way 



academic people can survive." At this point these students have been socialized 

sufficiently to have begun adopting professional roles and ethical orientations. 
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PART 2: PROFESSIONAL ROLES AND ETHICS 

Students Envision their Ideal Professional and Their Future Career Success 

Social Trustee versus Expert Professionals 

During the interviews students defined a successful professional in their field. They 

then envisioned themselves at the peak of their success. These responses were coded to 

distinguish social trustee from expert professionals using the characteristics Brint (1994) 

outlines. Brint claims that professionals are shifting their values from social trustee to 

exjoerf professionalism. Those he ascribed to social trustee professionals are: ethics, 

altruism, socially important knowledge, occupational judgment about purposes, and moral 

dimensions of work. Brint (1994, pp. 38,41, 73) claims expert professionals, though, 

value the application of science to the practical problems of production, high levels of 

integration with management, the technical dimensions of work which do not require 

occupational judgment about purposes, competition, entrepreneurship, and a focus on 

offering their expertise to bidders in the marketplace. Brint further says the latter are most 

successfiil in the industrial-corporate world in "work that is closely related to profit 

potentials, critical environmental uncertainties, or managerial effectiveness." 

Coding is outlined in Appendix E and revealed three tendencies: 

• Those planning to go into academics or government labs tended to espouse the 

viewpoints of social trustee professionals. 

• U. S. females were also more likely to be coded as social trustee professionals. 

• Those planning to go into industry expressed the outlooks of expert professionals. 

Social Trustee Professional Image 

Of the fourteen students who were judged to be social trustee professionals, thirteen 

planned to go into academics or government labs. Their ideal professionals tended to be 

heads of labs or tenured professors. Three saw theu- ideal as collaborative, three as 
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creative, and eight as a good mentor/teacher, one who can help graduate students grow and 

succeed. Nine said idead professionals would have lengthy records in publishing which 

advanced their fields. Seven felt it was important for professionals to enjoy their daily 

work and be able to transmit that to others. Five also stressed that it was important to 

keep a balance in one's professional life. 

When asked how they envisioned themselves at the peak of their careers, five wanted 

to continue to work in a lab even if heading it. Two wanted to be teaching professors and 

not run labs. Two valued basic over profit-driven research. Social trustees obviously value 

fame more than fortune. Four stated that they and other scientists were not driven by a 

desire for money while nine highly valued public and colleague recognition. 

Individual students expressed altruism. One wanted to teach students who could not 

afford elite colleges. One wanted to go back to his own country to change the educational 

system there. One student wanted to do something significant scientifically and socially. 

Another felt it was important to teach responsibility and ethics to those who would be 

dealing with clients. Still another idealist wanted to find a cure for a human epidemic on 

the order of that portrayed in the film, "Outbreak." Another felt ideal professional 

scientists should share their knowledge freely while others felt it important for scientists 

to be able to transmit the excitement of discovery and the enjoyment of scientific work. 

Samples of responses fi-om those labeled social trustee professionals are as follows: 

Social Trustees Planning to go into Academics: 

12 Social Trustee U.S. Male Government funding 
The successful [academics] I see are always very competent and come across as 
very well spoken and knowledgeable The main measure of success is a 
consistent publication record in very good journals and also research that's-Wow, 
why did they do that? How did they find that? It's very interesting, new 
thinking! I think of the students they mentor and how do they end up? A very 
big measure of your success is your ability to help others succeed. I think my 
ultimate goal [would] be to be recognized amongst my peers as being outstanding. 
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22 Social Trustee U.S. Female Combination funding 
In industry you need a little bit of business and managerial sense even if you're not 
into that... .just for the engineering side because that's how everything's run. A 
successful person is not necessarily a manager, although most people that were good 
tended to go into management.. .because there's more money and more 
opportunities. We had a scientific technical path. You didn't need a whole slew of 
[them] but you need a lot of managers. When I was in industry I wanted to be V.P. of 

, because I saw a lot of things I could do [to improve] management. And I think 
part of it was you don't see any women up there. Just very few. In academics I guess 
being in an area that people are interested in.. .to give you lots of opportunities for 
publishing and presenting. I would like to be like the professor I mentioned who 
brings [his cutting edge research] into the classroom and is very involved with all his 
students... .1 made as much money as I wanted to at and now at this point in 
my life I realize that's not the key. It's not what I want to do. 

13 Social Trustee International Male Government Fvmds 
A successful person is someone who publishes a lot and gets cited a lot, has to be 
creative, has to be able to think out of the box. Someone who is able to convey a 
sense of responsibility and ethics in research and a love for what you are doing. 
And-from the viewpoint of a professional consultant-always thinks of the best 
interests of clients, being responsible for providing the best, cheapest, and most safe 
and secure solution possible. I'd like to have some sort of name recognition among 
my peers and hopefully outside the borders of my country. To get calls from 
different people: "Hey, can you help us with this?" On the other hand, I really like 
to enjoy life, so most people become famous because they spent fifteen hours a day 
working. I don't see myself doing that. So I will have to find a shortcut! Everything 
is about fame and money. Which is more important? The fame, of course. 

21 Social Trustee U.S. Male Combination Funding 
Someone who's been able to produce a significant body of work over an extended 
period of time which is recognized by those in their area [as having] advanced the 
grand picture. I want to feel like I'm doing something significant in either a 
scientific or social way. If you work for some of the major companies, you never 
really publish because it's all proprietary, so no one's.. .ever going to see your 
work. Government work is all research and you have probably the most freedom 
for [using] what you have studied here... .doing things too large in scope or too 
protracted to be done at a university. So they get to take a stab in the dark at 
something big. Someone at the university who has to turn out papers and write 
grants may not be able to do that. 
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Social Trustees Going into a Government Lab: 

17 Social Trustee Post-doc U.S. Female Government Funding 
[A successful professional] is someone who's reached a [point] where they can 
have nice work and family balance in their life. And I know there will be lots of 
people who are academicians who are now tenured who will say that's one of the 
beauties of academics. And it is and I enjoy this right now. But I'm now looking at 
this chunk of seven to eight years where it's not going to be so flexible and there's 
going to be a huge amount of pressure. [She no longer wants a career in academics 
or responsibility for her own lab. If she stays in academics, she would want to be 
setting science policy or in grants administration. If she went into the biotech 
industry, she would want to be in scientific publishing or education.] 

23 Social Trustee International Female Combination Funding 
I don't know how you would describe the pinnacle of success of someone who 
just wants to do the research-unless it's in terms of exposure-companies they've 
worked for. Getting into doing research for a place like NSF or NIH is probably a 
highlight or working for some of the non-governmental research institutes. I could 
see myself working for one of the smaller industry-based institutes and doing 
fimdamental research. People leam so much. And there's less push than with a 
company where you're trying to get a product out the door. But the reason I went 
into medical research is that I want to do something that has a direct benefit to 
society versus the fundamental research which is more for my own pleasure. So I 
think that if I worked for a company, I would like to see myself as a team leader 
on a project where I still have hands-on involvement in designing and helping run 
the experiments, not.. .the one above me who's just hearing the results and doing 
paper work and getting funding. I think everybody goes into science for their own 
reasons. Not many of us go in thinking we're going to win the Nobel Prize. 
Realistically, I don't think many of us are in it for huge amounts of money, 
particularly if you go into academics, because that's not the way it works at all. 

Expert Professional Image 

Eleven students were coded as expert professionals. In contrast to the social trustee 

ideal, the expert professional ideal tended to be managers or those who were able to start 

their own businesses or to move into the business side of research. Several said they 

would prefer to work in small or medium-sized firms while others mentioned that 

industry jobs are stable and provide a good income. 
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The characteristics of their ideal also tended to be those of typical managers; a future 

indicator and collaborator with industry who is goal oriented, well organized, 

entrepreneurial, and able to solve problems independently. Only two mentioned 

publishing as important while two others mentioned the desirability of developing 

patents. Four felt it important for professionals to enjoy their work, three wanted to keep 

a balance in their career, and only two valued peer recognition. Although a number were in 

human health fields either directly or indirectly, only one mentioned "getting results that 

can directly affect peoples' lives." Following are examples of some of their responses, the 

first two conforming almost perfectly to Brint's expert description: 

10 Expert Going into Industry U.S. Male Government Funding 
I do feel I have an entrepreneurial spirit because of my family's business 
backgroxmd... .1 think fi*om the beginning I had myself pegged as someone 
interested in industry. I've seen a lot of my friends interested in academics. But I 
don't need the notoriety. What motivates me are the technical challenges, 
overcoming those-that's rewarding for me. Basically problem solving.., .[An 
ideal professional is] someone who's come up with their own ideas, pursued 
those through experiments, found interesting results and published it for the rest 
of the community. And then in industry-which is where I'm headed-I would 
look less for the prestigious credentials, but I'd look more at personality. If 
they're going to be my boss, they should know more than I do about something, 
have something to contribute to my development, and be a considerate person to 
work for. I've recently started to think about my wife and me starting a family. 
Before that I thought: "The sky's the limit-I'm just going to go for as high up as 
I can go. In management. Get into business some. Just see in industry how high 
can I go?" But when I think about having a family.. .1 think I will want to find a 
balance. And I will probably ultimately not go as far in that reahn as I might 
have.... But I'm pretty ambitious. I thought I would go on to where the best 
job was. [Four different companies interviewed him, and he accepted a job in his 
hometown The salary difference between their offer and that of another 
company was $20,000.] And the position that I'm accepting-in a few years the 
guy I'm going to work for is going to retire and I would [have his job as director 
of research.] I saw that as an opportunity to advance myself. [This company 
creates an additive for a variety of consumer products found in almost every 
home, a product area rife with public safety issues.] 
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16 Expert Going into Industry U.S. Female Government Funding 
I applied to this program [where] you do post-doctoral work.. .to leam about 
all the clinical diagnostic techniques. It's a two-year fellowship [and] at the end 
you take a board certification exam... .The program is designed to gear you 
toward academic research and clinical diagnostics, but you can also work in 
biotechnology. A lot of diagnostic companies need board-certified people to 
sign off on diagnostic exams. I will probably work for a biotech company. 
Compared to 10-15 years ago, [the ideal professional model has] changed a lot 
so I think now it's become more acceptable to go work at a biotech company 
as a scientist. But with the older-generation scientists there still is the gold 
standard of doing a post-doc and getting a [tenure track] professorship at a 
good university. For me I think finding a good scientist position at an industry 
would be comparable to [that]. I want to just have a job at a biotech company, 
a nice 9-5 job where I can leave the research at work. I don't want to run a lab. 
I think the career I'm choosing is more managerial in what you do because in 
the end you're not doing research; you're just overseeing people. It lets you 
decide many things. How many tests you want to run. You get to compare the 
different types of assays there are and determine which one is the best and 
stuff like that. [Autonomy.] 

05 Expert Going into Industry U.S. Male Government Funding 
The measuring stick my boss would use is the number of publications and the 
number of grants funded. But I think that in many ways that's changed a little bit. 
Papers published is still important, but I think if you're working for a good 
company and you've got a stable job, that's successful, not necessarily if you're 
inventing great drugs or designing vaccines, but you're in the process. [In 
industry] you're not encouraged to publish papers because of the proprietary 
issues. I wouldn't mind teaching, but I'd definitely work in industry first just 
because I think that makes you a better professor on the whole to experience the 
spectrum... .So I'll probably end up in industry and [my mentor will] probably 
disapprove. My dream is to do a post-doc in Europe for eighteen months and 
then come back and get a job, either m a small start-up or mid-sized biotech 
company. Work for ten to fifteen years in that industry-because I know it's 
intense. Hopefully make a good living, maybe get a couple of patents, maybe 
have a long-term kind of money-making situation, and then eventually teach... 

06 Expert Going into Industry International Male Government funding 
[My ideal is].. .someone who is very goal-oriented, very organized, [a] future 
indicator. For people I like to work for, communications is a big thing I don't 
see myself as owning my own business or anything like that, not in my field. A 
lot of Ph.D. students here in this country end up doing bench work or lab work 
for a while and then end up moving into management positions. So I think 
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eventually I'll get back into that. Hopefully I may get back into accounting and 
push myself toward the financial side of it. 

24 Expert Going into Industry U.S. Male Government Funding 
[My ideal] in is someone [who's published and advanced his/her fields of 
interest] and also has contacts and collaborates with industry. The gauge of success 
in industry is someone who's been able to advance their position, has a good income, 
good job ability, and enjoys what they're doing. I'm not willing to give away ten 
years of my life to try to get a company going. I want a good family life. I don't 
mind if I'm in or not, but I do expect a certain level of promise and growth from 
a company and I also expect a certain amoimt of benefit and reward for myself I'm 
interested in designing neuroprosthetic devices, being involved in the whole process. 

19 Expert Post-Doc Going into Industry International Male Industry Funding 
Well, to be a successful scientist in my field, you need to personally love your 
research, love your work. You need to be very smart, to have a lot of results, 
basically publications or patents for new products for industry... .My graduate 
studies were not good enough for industry. So then the best choice was a post-doc 
to learn something new and to work on some research that is more related to 
industry. I still prefer industry... .In the post-doc I have connected with more 
people and written some proposals and thought about going into business for 
myself, doing research for myself. 

A table outlining these results is in Appendix E. Interviewees were also asked about 

their knowledge of intellectual property policies at their universities and their awareness 

of current adherence to traditional scientific norms, the kinds of scientific misconduct the 

Acadia Project identified in the 1990s, and ethics training they had taken. They were then 

asked to respond to seven specific ethical conflicts. 

Specific Ethical Orientations 

Intellectual Property Issues 

Except for two students, all interviewees were very clear about the intellectual 

property (IP) policies of their universities or the companies or agencies that fully or 

partially funded them. Ten of them had some relevant experience with this. U.S. male 

student 12 and his mentor made a discovery that they kept secret until they obtained a 

provisional patent. Now they are working with the technology transfer office to find a 
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company that is willing to pay for patenting and producing their discovery. U.S. female 

16 says someone in her lab receives royalties, but "a fraction of what the imiversity and 

drug company get." U.S. male 27 says his department competes with a local industry that 

he claims has pirated one of the discoveries they collaborated on. U.S. male 05 says the 

company his department hired to fabricate a product they designed is trying to 

appropriate the patent and "they have all the experience and all the lawyers." 

U.S. male 20 has patents pending and took a "Patents for Non-Lawyers" course and 

U.S. male 24 took a course in IP and a course in starting small businesses at the law 

school. International female 02 took a workshop on obtaining venture capital. 

Intemational male 19 made a typical comment about IP: "You need a lot of effort to really 

realize [a return on a discovery]. If I came up with something here most of the credit 

would go to the university and my adviser." On the other hand, six of the students work 

in areas where there is little opportunity to make commercial discoveries or where they 

have little competition from others (land fills and groundwater, for instance). Unless 

interviewees were funded by companies or agencies, they had not signed statements 

acknowledging that their sponsor would retain rights to any discoveries. 

Traditional Scientific Norms 

Students were asked to respond to a statement from Traweek's 1988 Beamtimes and 

Lifetimes (p. 80) in which a physics professor claims that scientific norms, such as 

objectively evaluating other scientists and their findings, freely sharing all new 

discoveries, and the disinterested search for truth, represent an "adolescent fantasy" and 

that only the general public and begirming science students would take these ideas literally 

and seriously. 

While most interviewees felt these norms were important, twenty generally agreed 

with the physics professor and felt that scientists-with some exceptions-do not regularly 
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follow these norms, especially in regard to sharing information and materials and engaging 

in the "disinterested search for truth." Eleven felt this was a result of cutthroat 

competition for funding, publishing, and positions, all closely tied to the grants and 

promotion and tenure systems. Six felt it was more related to ego, to the struggle for 

power, prestige, and glory-and sometimes the drive just to prove one's hypotheses right. 

Two thought it boiled down to connections. A lot felt it was hard to have ideals when 

"it's such a messy human enterprise." U.S. male 05 was cynical about all three norms; 

That's what we all strive for, as it's at the heart of what science is. But egos and 
agendas get involved and [objectivity and communality] go out the window. Just 
in my short career I've seen that people don't want to share their stuff.. .and aren't 
truly objective about evaluating other scientists. And people see stuff that's not 
there.., .They want to be successful. 

U.S. male 12 comments on some of the effects of the grants and tenure processes: 

A lot of [publications] out there seem great [based on a glance at the title and 
conclusions]. But then you look carefully and say, "Well, this isn't very good 
work. Why is it in this journal?" [And].. .people leave out very critical things 
and that makes it very difficult for others to [replicate]. These people are all 
competing for the same funding, the same spots in journals, and the same 
positions. 

23 also comments on people omitting methods from publications and adds: 

It's hard [to be disinterested] when you so badly want [your project] to turn 
out the way your hypothesis suggested it was going to. But, in the research I 
do, you have to be unbiased because how you portray your results will affect 
the development of something that will impact people directly. 

17 also criticized the grants process as making scientists see what they want to see. 

She referred to a story about a drunk who lost his keys at night and only looked for them 

under the street light: "In the whole grants-writing process you have to have a focus and it 

can't be too broad. Sometimes you get focused and you only find things where you look." 

24 also addressed this: 
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Often scientists are more interested in [proving their hypothesis right] and.. .have 
blinders on to a lot of things they should be seeing and often misinterpret data 
looking for something they want to see, especially.. .in labs where there's a heavy 
amount of data acquisition and the data analysis involves filtering and heavy use of 
algorithms. You can make any large set of data look like whatever you want it to. 

International male 06 (who had no ethics training) commented realistically: 

People who follow the norms are not seen as successful. Successful scientists are 
driven people, those who do what they want to do whether or not it follows 
[norms]. In other countries government funding is more automatic. You don't have to 
prove [what] you're doing as much. Which is good and bad, as a lot of times that 
money is wasted. But in some cases it leads people to do what they are interested in 
or what they think is good science as opposed to what they think will make them 
more money. The most important thing is reporting results accurately and fairly. 

Only two interviewees claimed the norms were still being followed. U.S. female 26 

said she does not have competition in her field so, unlike most of the others, she is not 

worried about being "scooped." She agrees that researchers may "see something disappear 

that they want to disappear," but she doesn't "think we are in it for money or glory, 

because if we were, we wouldn't necessarily be in academia because.. .in the private 

consulting companies you can make a lot more money." 

International male 13 made several very perceptive comments on norms, claiming 

that the faulty grants process is driven by politics and non-scientists: 

Norms depend on the area of science. I know that funding for science is much 
more subject to political considerations than the motivations for doing the 
research at all. And if an objective scientific process does not exist, I would 
say that funding for research is biased by the interests of people who are not 
necessarily scientists. [And regarding sharing]: Look at the Internet and 
software. You have people working for three years on a piece of software, 
and you can download it [free]. That's amazing! And it's stuff that performs 
better than Microsoft which costs thousands of dollars and sucks. 
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Misconduct Identified by the Acadia Project 

Students were told about the fact that the Acadia Project in 1994 conducted a survey 

of 2,000 students and 2,000 faculty in chemistry, civil engineering, microbiology, and 

sociology and found a surprising number of respondents who reported direct knowledge 

of instances of plagiarism, data fabrication, sloppy use of data, and inappropriate credit 

for authorship (see question 1 la in Appendix D). They were asked if they had any 

personal experience with such incidents. 

Six interviewees dismissed this question by saying they had no experience with 

these types of misconduct or by claiming they were uncommon. Four were aware of 

students plagiarizing. Ten referred to well-publicized cases of data fabrication and two 

were aware of undergraduates who had been punished for this. However, eleven felt that 

sloppy use of data and inappropriate credit for authorship were very common problems. 

18 believes that "many reported yields are not accurate," but it's more a matter of 

"making something look better than it is." She also noted "basically the professor decides 

who gets on the paper." 26 felt that the refereeing process tends to weed out sloppy use 

of data. 17 said the issue of inappropriate credit for authorship was discussed in her lab a 

lot and noted "credit has to do more with intellectual contributions than physical 

contributions, such as carrying out experiments." 16 and 21 also referred to serious 

conflicts in their labs over dividing credit among several authors, some being cited for 

doing a single experiment. 

20 mentioned that companies often gave authorship credit to someone who had 

prestige and could help get an article published. 06 mentioned data that is "uninterpreted 

because [people] are publishing quickly to get funding without spending enough time 

backing it up or redoing the tests" and is aware of a lot of inappropriate credit for 

authorship because of the drive to publish. 04 and 24 also feel that sloppy use of data and 
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inappropriate credit for authorship occur every day, 24 elaborating; "[People] say, 'This 

one's a real outlier so we should probably strike that' or they remove data points to get 

better means and standard deviations." Perhaps students need ethics training to better 

identify instances of scientific misconduct occurring in their labs. 

Ethics Training 

Even though in 1989 the NIH had required ethics training for any students who were 

receiving government grants fimding, apparently students who do not fall into this 

category do not have to take such classes, though they may be available. Only one 

intemational student (female 23) had taken ethics training. The eleven others had not. 

Whereas nine of the U.S. students had had ethics training while only four had not (05,11, 

12, and 27). 

Y University required all students in biological programs to take ethics classes. 

Intemational female 23 remarks about the classes: "Some of it seems so self-evident. Then 

you listen to other peoples' opinions and you realize it isn't self-evident. There are 

people out there who need to have it explained to them. / guess it depends on your degree 

of exposure." And U.S. female post-doc 17 comments, "Sometimes there are clear ethical 

violations [in the examples] while other times it's kind of [ambiguous]. And ethics 

questions come up more often than you'd like." 

Indeed, ethical training is the most crucial aspect of their socialization journey and 

David Brooks addresses this issue in a New York Times (2004) review of Tom Wolfe's 

recent novel, I Am Charlotte Simmons: 

.. .what she's really addicted to is the admiration she gets when she achieves 
what others expect her to achieve. When moral judgment and courage are called 
for, she's unprepared... .[Wolfe has] located one of the paradoxes of the age. 
Highly educated young people are tutored, taught and monitored in all aspects of 
their lives, except the most important, which is character building. When it comes 
to this, most imiversities leave them alone... .and they find themselves in a 
world of unprecedented ambiguity... .In other words, we have constructed this 
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great apparatus to fill their minds-with thousands of Ph.D.'s ready to serve. But 
when it conies to courage... .we often leave them with the gnawing sense that 
they really should develop it, though God knows how. 

Students were asked to respond to seven scenarios-questions 12-18-which contained 

ethical conflicts to see how they had been socialized to handle them. The scenarios were 

adapted from various sources that are described in Appendix F. According to Bebeau, et 

al., (1995) in "Moral Reasoning in Scientific Research," one should judge responses to 

moral problems by looking for some of the following: 

• Does the response address each of the issues of ethical conflict? 

• Are the consequences of acting recognized? 

• Are each of the duties or obligations of the protagonist addressed? 

Interviewees had very limited time to address each of the scenarios. Their responses, 

therefore, had to be judged on two bases: whether or not they addressed a few major 

issues for each and suggested some ways to resolve them and-in questions 13,14,15, and 

18-whether they recognized the potential conflicts of interest (COI) of the professors. 

The sources of the scenarios and the issues involved in each can be found in Appendix F. 

Although the scores of most of the students based on the number of issues they 

identified were very similar (see results in the Appendix G), the responses given by those 

who had had ethics classes tended to be of higher quality, more elaborate, accurate, 

thoughtful, and insightful. Therefore, only the responses by those with training are cited 

for the scenarios below. 

12. Jessica works on her Ph.D. in Dr. Jones' lab. She starts out on three projects, but 
settles on the one most closely related to a federal grant Jones has. When she finishes the 
Ph.D., she is offered a tenure-track position at another college. She returns to the lab to 
get her notebooks, hoping to continue work on the other two projects she started. Dr. 
Jones insists that the notebooks belong to his lab as the work was funded by grants and 
that a new T.A. will be working on the two projects in the fall. One of Jessica's lab 
partners advises her to copy the notebooks while Dr. Jones is out of town. What should 
she do? (From Bebeau, et al., 1995) 
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Responses: Interviewees were unanimous in declaring that Jessica should not take 

the notebooks to copy without permission since they belonged to the lab. Most seemed 

very aware of the fact that the university and funding agency own property rights to any 

discoveries made by faculty and students in the lab. Nevertheless, five thought Jessica 

should be able to have a copy of the notebooks with Dr. Jones' permission. 

Seven referred to the issue of "independence of inquiry," the ability of scientists to 

pursue a line of research no matter who else is working on it. Five felt she should talk 

again with her adviser, four others indicating she could set up some kind of collaboration 

with him. However, a number of students felt that, whatever her negotiations with him, 

she should attempt to maintain a very good relationship with him, since he had the power 

to either further her career or blackball her in the small world of her discipline. 

Seven others felt that, since she had her Ph.D. and was trained to develop her own 

projects, she should do so. This conflict could have been avoided if Dr. Jones had clearly 

communicated to those in his lab the university policies about intellectual property and 

ownership of the notebooks. Interviewees indicated that policies about notebooks 

differed a great deal among their labs, one adviser even letting students take them. 

13. Jack is beginning his Ph.D. Although his adviser has some federal grants, the project 
Jack is working on is funded by a single company. He knew this ahead of time and 
thought it would be no problem, but he hadn't known his adviser had a major consulting 
agreement with this company. Jack also heard firom other students hat he might have 
some problems; the company might dictate the topic of the dissertation or when it came 
time to publish his dissertation, the company might delay it to see if his findings had 
potential value or were patentable. Patenting may take at least six months; What should 
he do? (From On Being a Scientist: Responsible Conduct in Research, 1995, p. 9) 

Responses: Only seven recognized the professor's conflict of interest in protecting 

the company's needs instead of the student's needs. Surprisingly, only a few mentioned 

that fact that Jack would have trouble getting a job if he was unable to present the results 

of his research. He also could not graduate until the dissertation was published. And 
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someone else might "scoop" his results before it was published. Only a few were aware 

that once a dissertation is placed on the library shelves it is considered a publication and 

makes patenting the findings impossible. 

Three felt the adviser would dictate the topic based on the needs of the company. 

Eight (4 going into academics and 4 going into industry) saw the situation as potentially 

beneficial for Jack, as he might end up with a very interesting project and a valuable 

connection to a company, either for a job, resume, or patent finding. It appears that few 

students are supported solely by a company, as the professors' funds apparently become 

blended. 

Like many of these scenarios, this one underscores the fact that science departments 

should have a liaison or ombudsperson to monitor such situations. Many departments 

have policies in place to prevent the vmdue delay of publication of a dissertation. 

Examples of responses from those who had ethics training are: 

Student 16:1 don't know a lot of instances where a graduate student is totally 
funded by a company, because usually they're also funded through the professor. 
I have Mends who worked with a drug company, but were funded through their 
own lab. If you were working with a company and using their product, you had 
to have a Material Transfer Agreement witii them specifying how you were going 
to use it. And before you published anything, you had to have the company 
approval. But I can't imagine the company would dictate the topic of the 
dissertation. I don't think it would be a problem in our field unless they decided 
to withdraw the funds. Most people work on more than one project, anyway. 

Student 17: Jack needs to clarify this and not take information from other 
students. He can talk to the company and see what could be worked out. When 1 
did my dissertation, one of my fellow graduates was ready to apply for a job and 
had to give a talk on his work and one of the proteins he worked on was being 
patented. If he gave his talk outside the university that would be public 
disclosure and open to anyone, but if he discussed it only at the university it 
would be private disclosure and if anyone used that information, it would be an 
ethical violation. Perhaps the company would agree to something like that. 
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Student 26: It depends on how interested [Jack] is in the project and the kind 
of relationship he might have with the consulting company and whether he's 
okay with delaying publication. I've heard of people this has happened to, and 
it didn't really bother them. You should know going in and be okay with it. 

Student 20: When I was involved in my master's degree, people at the 
university agreed they would sign confidentiality agreements if I had done some 
company work. It wouldn't necessarily go into publications and the university 
wouldn't talk about the drug targets and specific things we were working on. If 
the company doesn't show systematic protection of their IP, they will lose it. 
The adviser has hurt the student through his conflict of interest. He should have 
made the rules very clear and the student shouldn't be hearing the potential 
problems from other students. 

Student 24: Jack needs to raise these issues with the funding source and if he 
has a problem, he should find another funding source. There seems to be an 
issue here of a private company funding public research and having the power 
to delay publishing public information in a public institution. 

Student 22: Companies have that much power when they fund you. He should 
make the decision based on how much he needs the funding or what his career 
goals are. He could talk to the company liaison, but the liaison might change or 
the company's direction could change. But if the topic is something he's 
interested in, it could be wonderful, particularly if he plans to go into industry, 
as he could hst this on his resume. It might be harmful if he plans to go into 
academia because of the delay in publishing. 

Student 23: We've had students who have done company work that has been 
the topic of their dissertations. My adviser gets publishing rights from the 
company in advance. He wouldn't leave a student in this situation. Jack should 
talk to his boss, as patenting can take a long time. Once you get the initial 
disclosure out (the first step in patenting), you don't need to worry. It doesn't 
have to be fiilly patented for you to publish. My experience has been that 
there's flexibility in defining the topic. 

14. When Larry completes his Ph.D., the company sponsoring his research asks him to 
falsify or leave out some of the data before it is placed in the university library. His 
advisor tells him this is called "sanitizing" the publication and that it is done all the time 
in classified documents. What should he do? (See Slaughter, et al., 2002). 

Responses: Only one student-an international student-said Larry should falsify 

data (because the mentor asked him to), as all were aware it was a serious ethical breach. 
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But eleven were ambivalent about omitting data in certain circumstances. One student 

who had worked in industry pointed out that a dissertation is not a classified document 

and Larry would have to "clean it" as he wrote it. Twelve students-eleven of them social 

trustee professionals -recognized the conflict of interest (COI) on the part of the adviser, 

many of them suggesting that Larry should refer this matter to a third party. The 

professor is asking the student to do something unethical in order to protect the interests 

of the ftinding company and leaving Larry little recourse if he wants to publish his 

dissertation and graduate. This underscores the need for departmental ombudspersons and 

for ethics training for the students, as both NIH and NSF list fabrication, falsification, and 

plagiarism as major forms of scientific misconduct. Some responses are: 

Student 21: Do not falsify. If the data is needed to tell the dissertation story or 
is significant, it should be there and be published. He may have to argue with 
the professor and say it is not the right thing to do. 

Student 26: Neither falsifying nor leaving out data is right. If researchers don't 
lay everything out, then the integrity of what we do is always going to be in 
question. In my study I have results that just don't make a whole lot of sense, 
but I know I'm going to include them. 

Student 17:1 would only leave out data if I set up an experiment and the 
results were confusing and I had to use a different method. I would leave out 
the confusing data because there was a flaw in that experimental design. You 
can't falsify. That's when you report your adviser. They have so much power 
and I think that's one reason universities have a committee and you're 
supposed to meet regularly so you have a relation with each of them and could 
go to them with a problem. Also, most departments have liaisons. 

Student 20: Omitting or altering data is wrong. Not only corrupts his work, 
but may screw up somebody who refers to it. 

15. Susan is working under ftmding fi-om the federal government to develop a new 
material. Her dissertation Mdll deal with this process. However, the professor asks her 
instead to do some work on a project for a company he owns. What should she do? (See 
Slaughter, et al., 2002). 
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Note-An article by Mangan (May 26, 2000) mentions that Harvard created new 

rules to protect graduate and medical students and post-doctorates from exploitation by 

mentors who have a financial interest in companies that sponsor research in their labs. 

The author cites the case of a student who found his results were being secretly given to 

his mentor's company, showing up in the company's studies and presentations before the 

student had published them. The student was afraid his mentor would let company 

personnel carry out work which would pre-empt his dissertation and he had to abandon 

his work when both the mentor and the university ignored his complaints. 

Responses: Eighteen students (twelve social trustee professionals) recognized the 

adviser's COL The professor is misusing government funds or causing Susan to do so 

unless he is paying her separately. Moreover, this situation opens the door to other 

possible conflicts of interest or commitment: the professor may not reveal his financial 

involvement in any products his company is making and may be doing research to 

evaluate them. Moreover, in devoting a lot of time to his own company, he may not be 

adequately meeting his commitments to the university. 

Many students claimed that professors control the way lab fimds are blended and 

allocated and felt that Susan had no control over this. Many-even the student whose 

mentor left her on her own-said that it was extremely common (and desirable) for 

students to be asked to work on multiple projects, but that this extra project should not 

seriously impede Susan's work on her dissertation. One international student mentioned it 

is illegal for them to work off-campus for a company. Some answers are: 

Student 07:1 would question it if it's for a private company-that's not right. If she 
can work on both projects simultaneously, that's okay. I think it's good to have 
multiple projects. Then if one thing is not working, you can go to the other project. 

Student 10:1 think it is the adviser's job to shield the student from the fimding 
situation and manage the student's time. I take directives from my adviser as to 
how my time should be spent. 
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Student 16:1 think it's fine if she works on both projects because both kinds of 
money are contributing to her research. In our field the professor dictates where 
you get your money fi"om. 

Student 22: If she's fiinded by the feds, she shouldn't be working on another 
project, but explain it to the professor and if he disagrees, then it's time to find 
a different professor to work for. 

Student 17: She should switch her flmding source. Often you'll do little 
projects that don't directly relate to the project you're funded for and usually 
you're asked to denote how much time and effort you're going to put toward 
that project, but you can get around that because people rarely put in 100%, 
because 5% is always dedicated to reading and writing and stuff like that. 

16. Rebecca is working on a doctoral project for a company that is trying to develop a 
biodegradable material. After she finishes her Ph.D., she takes the notebooks from the lab 
and on her own develops a similar product which can be used to purify wastewater. Can 
she patent this product as her own? 

Note: This scenario is based loosely on a real case described by DeQuine in the 

Christian Science Monitor (1996). A graduate student at the University of South Florida 

ended up on a chain gang. He was first charged with stealing university property in regard 

to taking the notebooks and asked by the court not to use the data. But he applied for and 

received patents. After refusing to sign the patents over to the university, he was sent to 

prison, the case illustrating how important royalties and patents have become to major 

research universities. 

Responses: Most of the students (21) recognized clearly that Rebecca should not 

have taken the notebooks, as they belonged to the university and company and that she 

could not patent the discovery because it was not her IP. Three perceptively noted that 

she could be in legal trouble. However, seven said that if her product were "innovative 

enough," she might be able to patent it. 

17. John, a post-doc, temporarily joined a research lab. The head of the lab, Dr. Brown, 
asked him to investigate a difficult organic chemical reaction. Soon .John claimed to have 
solved the problem by using a certain reagent he independently discovered, but he didn't 
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have enough evidence and he left for a new job. Jill, a graduate student, continued the 
work, having access to John's notebook and data. She found that his procedures were 
poorly written and impossible to duplicate. His data were also inconsistent and no valid 
conclusions could be drawn. Six months later Dr. Brown and Jill submitted their results to 
a journal without consulting John. When John angrily confronted them, they pointed out 
that their procedure differed from his and his work contained no data that could confirm a 
successful result. John couldn't deny this, but argued that his idea led to a solution and he 
should be acknowledged. Dr. Brown felt listing John as a co-author wasn't justified. 
Moreover, Dr. Brown thought an acknowledgment would complicate matters if a patent 
were to be filed on the experimental procedure. (Modified from Weil, 2003, Case Western 
Online Ethics Center, 2003). 

Responses: Thirteen felt .John's contribution should be acknowledged, six felt he 

should be a co-author, but four would not give him any credit. Nine sfrongly criticized the 

shoddy way John kept his notebooks and four noted the lack of supervision he received. 

Indeed, in reporting on the Acadia Project, Louis, Anderson, and Rosenberg (1995, 

p. 416) declared that sloppy science is a greater threat to the integrity of scientific 

research than the fabrication, falsification, and plagiarism that NIH and NSF deplore, 

since it is much harder to detect. It is also possibly more commonplace. 

Indeed, many of these students had previously stated that sloppy use of data and 

inappropriate credit for authorship are very worrisome and commonplace. Six social 

trustees noted that a lot of these problems could have been avoided if the people had 

merely communicated with each other. All were at fault. The professor in this case also 

appears to have a conflict of interest, as he seems to want to keep John's name off a 

potential patent. A nxunber of students mentioned the fact that if Dr. Brown and Jill 

published their results they could not patent them. Sample student responses are: 

Student 10-Replication is the whole point of science. They should have invited 
him to come back and show them in person. I've heard of this being done. If 
they're doing the procedure in a different way and his way wasn't reproducible, 
his name doesn't need to be included. The decision shouldn't be based on how it 
will affect the patent. 
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Student 26-Notebooks should be well written and understandable by 
everyone. If he can't explain how he developed the reagent, it would be hard to 
justify listing him as a co-author. They could have consulted him from the 
beginning by e-mail and if he cleared it up, he should be included as an author, 
even though they're using a different procedure or making it differently. The 
patent shouldn't have a bearing on the matter. 

Student 07-A main issue is the poorly kept notebook and poorly taken data. 
What is the IP? If their procedure stemmed from his work, they should give 
him credit. Did the professor act appropriately? Because they were continuing 
his work, they should have been in communication with him and could have 
explained that they couldn't replicate his results. I don't think he should be a 
co-author if they couldn't even duplicate his results, but perhaps he should be 
acknowledged for the reagent. 

18. Jean is doing her dissertation on environmental factors which might cause the decline 
of native fish downstream from where several chemical companies release wastewater. 
Her adviser's lab is funded by a consortium of these particular chemical companies. The 
focus of the lab is on TTT which is extremely difficult to remove from wastewater. 
However, Jean uncovers evidence which leads her to suspect another substance is 
affecting the native fish. Her adviser, however, insists she limit her research to TTT, as 
that's what the lab is funded for. What should she do? (Adapted from Weil, 2003, Case 
Western Online Ethics Center). 

Responses; Only eight students, seven of them social trustee professionals, noted 

the COI of the professor in having the lab funded by chemical companies and making this 

a priority over his students' needs. He should not have let Jean get into this situation and 

the university should have policies to protect independence of research. Disturbingly 

among this group of future scientists, only seven expressed any positive concern about 

the environment, six of these social trustee professionals. Although twelve thought Jean 

would have to obey her adviser, thirteen suggested she consider applying for other 

funding to study and publish on the other substance later. A few others thought she 

should refer this problem to relevant officials who could examine the issue. 

Four international students addressed the environmental concern in an unusual way. 

Female 18 commented, "It's about who has the money. I have to be able to live with my 

decision. I can't change the world, so I have to do what I can." However, the others were 
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dubious about acting: male student 15 said he was "cynical about crusades," male student 

13 referred to "Erin Brockovich," and male student 08, who tended to be deferential to all 

the mentors in the scenarios, referred to "The Pelican Brief," and concluded: 

You can't fight against the adviser Usually the academic adviser is older than 
the students. They have more experience and knowledge. They are more 
intelligent than the students. Are they worse than students? Evil? I don't think 
so. This is true in my country. Professors and teachers, they are honored. 
Those kind of chemical pollution is destroying things in a lot of communities in 
the U.S. I would have to be Superman to fight those actions. But I think this is a 
small thing-killing a couple of fishes and everyone knows about it. Her 
academic adviser thinks that keeping his research going on there would be better 
for society than killing some fishes. Then she should follow her adviser's advice. 

Examples of responses from those with ethics training are: 

Student 17: She should encourage the adviser to talk to the fimding agency and 
see if they would expand the topic some more. If they said she couldn't, she'd 
either have to work on a different aspect of TTT or leave and work for a place 
that wasn't as restricted. Changing labs is not that uncommon for graduate 
science students. 

Student 20: That may not be an emotionally satisfying solution to Jean, 
because she probably cares about the fish more than she cares about the 
research topic. She should try to get her own funding to go after this other idea. 

Student 21: Funding from a company shouldn't have a bearing on the research 
problem. She needs to talk again with her adviser and say it's not ethically 
right. If the adviser is not listening to her, she shoiUd go to some other source, 
like the EPA or an ethical officer in the university. 

Student 24: If I cared about protecting these fish, I would try to find another 
independent funding soxirce or argue with the adviser about it. If I was 
interested in helping these companies and doing what the adviser says, and 
finishing my dissertation, I would focus on TTT. Depends on priorities. 

Almost all the scenarios involve unequal power relationships between professors, 

companies, and students. This dramatizes the need for departments to have liaisons. 
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Summary of Ethics Section 

It appears that most of the students in this study adopted career goals and related 

values before they attended graduate school, primarily through transformational agents 

who were marginalized professionals or working m marginalized educational mstitutions. 

The Acadia Project (Anderson and Louis, 1994) also found undergraduate science more 

significant than graduate science and concluded tiiat the values of most graduate students 

are set when they arrive. Therefore, these students have not found in their elite graduate 

schools values congruent with their own. Those wanting academic careers see their 

mentors running labs that are like small businesses. Those wanting careers in industry 

generally find themselves being socialized for academics. Both groups find the grants and 

promotion and tenure systems promoting cutthroat competition, bureaucratic 

organizations, and flawed publications, all of which tend to diminish the integrity of 

scientific endeavors and scientific ethics. 

Students who planned on academic or government lab careers tended to exhibit the 

characteristics Brint (1994) associated with social trustee professionals: traditional ethics, 

altruism, and concern about the social implications of their work. Those who planned on 

careers in industry, however, tended to display the characteristics of Brint's expert 

professionals that included values closer to the marketplace. 

Having ethics training made the students better able to identify ethical issues 

accurately and clearly and to quickly formulate ways to deal with them. However, the 

training did not seem to affect their social trustee or expert orientations. Although eight of 

the fourteen social trustees had ethics training, two of the students who most closely 

matched Brint's description of expert professionals also had ethics training. Nevertheless, 

students who were both social trustee professionals and trained in ethics were the most 



210 

consistent and sensitive in identifying problems and the most articulate and clear in 

suggesting ways to solve them. 

Of the students the Acadia Project surveyed in the 1990s (Anderson, Louis, and 

Earle, 1999), most said their department was not very active in preparing them to 

recognize and deal with ethical issues. These authors point out that students may be 

exposed to various types of unethical conduct but may have little or no chance to discuss 

such issues. They also note that, as students become increasingly professionalized, they 

become increasingly cynical and hardened. This phenomenon is evident among the 

students in the current study and may have tended to erode their existing value systems. 

Statements by all the interviewees that the competition, politics, and financial 

incentives involved in academic research are eroding traditional scientific values is 

disconcerting when the achievements of science and technology are creating such 

significant moral dilemmas that it is imperative that scientists involve themselves in the 

ultimate consequences of their research. 
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CHAPTER VI; IMPLICATIONS AND CONCLUSIONS 

Proposition One 

The major question being addressed in this study is: How does the participation of 

graduate science students in universities which have AIRs (academic-industry 

relationships) influence their professional socialization? The investigator assumed in the 

first proposition that in an atmosphere of academic capitalism students will tend to be 

socialized toward industry and business values. However, that proved to be not true. 

Most of these students are from upper-middle to upper class families and many have 

parents who are scientists. However, most of them did not attend elite undergraduate 

universities. Most of them acquired their career goals and values from transformational 

agents who have been historically marginalized: women and minorities and those in the 

less prestigious types of institutions, such as small liberal arts colleges, women's colleges, 

community colleges, or non-flagship state public colleges. 

Many of them, especially the females, start out idealistically wanting careers in 

academia, accepting its traditional values of lower monetary rewards, basic research, 

advancement of science, and the disinterested search for truth. However, for their graduate 

work the students in this study all chose large, elite universities which are members of the 

Association of American Universities, a prestigious group of sixty American and two 

Canadian universities. These students are immersed in envirormients of academic 

capitalism, as resource dependency has caused these elite research universities to 

gradually adopt many of the characteristics and values of the business world. Both 

universities feature sections on their web sites boasting of their collaborations with 

industry and their contributions to the regional economy. Faculty who are involved in this 

new mission have achieved increased stature, space, advancement, and monetary rewards 

by successfully doing so. 
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Such faculty-and their institutions-acquire their rankings and prestige from the 

government and industry funding they are able to acquire, from the intellectual property 

developed in labs, and from the student proteges they are able to socialize and place in 

other elite institutions, and not from the students they place in industrial or government 

labs. Although, as previously determined (Slaughter, et al., 2002), when their proteges 

later become successfiil, former mentors can trade places with them, becoming involved in 

"strategically valuable" careers in which they are able to influence the policies of both 

types of institutions. 

Therefore, when the graduate students in this study arrived with idealistic 

expectations about academia, they were disillusioned to find that a successful academic 

career now involves competing for grants and running labs which are like businesses. 

Successful faculty now have little time to spend in their labs or with those they mentor. 

And many of these students, in order to maintain their values, have decided to be teaching 

professors or professors in the smaller, less prestigious types of institutions they 

originally attended. Others may have turned to careers in labs or in industry. 

Those who originally intended to go into industry quickly learned that their mentors 

were not prepared for or interested in socializing them for industry. Many faculty 

continue to socialize students for the professoriate and some communicate a 

condescending attitude toward careers in industry. Some students therefore, feel they 

have to defend their career choices, as did U.S. female 16 who remarked that "with the 

older-generation scientists there still is the gold standard of doing a post-doc and getting a 

[tenure track] professorship at a good university," but that ideal role model has changed 

so "now it's become more acceptable to go work at a biotech company as a scientist." 

These findings are consistent with those of the Acadia Project. For instance, 

Anderson and Louis (1994, pp. 291-292) felt that undergraduate science was more 
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important than graduate science for setting norms. They found that the number of years 

students were in graduate departments had little effect on their norms and neither did 

departmental climate, departmental structure, nor mentoring experiences. They, therefore, 

also concluded that the value orientation of U.S. students was relatively fixed at the time 

they entered graduate school. They also found that mentoring had a positive association 

with both the norms and countemorms students held, so concluded that faculty were 

probably confirming values students already held. Moreover, Anderson, Louis, and Earle 

(1999) reported that the students they surveyed said the xmiversities were changing them 

in ways they did not like. Socialization was not reinforcing their prior values, self-images, 

or ways of thinking about the world. 

Most of these students seem to have accepted the new commercialized atmosphere 

of the academy in a matter-of-fact way. They are familiar with the new intellectual 

property policies whereby the university or funding agency owns the rights to any 

student or faculty discoveries made in labs and most of them are also familiar with the 

technology transfer offices and the implications of the patenting process. Several of them 

received awards or internships from pharmaceutical companies. Others worked for 

industries in research parks on their undergraduate campuses. And one worked for a 

spin-off company set up by university professors. 

Nevertheless, ahnost all of them are extremely critical of the academic biireaucracy 

and the current grants process which, as in the business world, focuses on research with a 

potentially valuable return, rather than research which might solve crucial social problems. 

Most of them are also disenchanted with the highly competitive atmosphere in scientific 

research in which people are afraid of being "scooped" or publish results that deliberately 

omit some of the crucial steps in the process. And they blame the deterioration of 

scientific norms and ethics on the grants process and the promotion and retention policies 
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("public or perish") of academia. Some also feel that the priorities for grants and research 

are too subject to politics and are set by non-scientists. 

The students who originally wanted to go into academics or government labs have 

tended to retain the values of those Brint (1994) terms social trustee professionals which 

are altruism, socially important knowledge, occupational judgment about purposes, and 

moral dimensions of work. They are more interested in creativity, collaborations, strong 

publishing records, mentoring, and transmitting to others their enjoyment of their work. 

Many do not want to run large academic labs and are specific about not being in science 

for the monetary rewards. Almost all are more interested in recognition from colleagues 

and the general public than in monetary rewards. A few mentioned altruistic goals and a 

preference for basic as opposed to profit-driven research. U.S. females particularly tend 

to express social trustee veilues. This is consistent with the Acadia Project which found 

that female students adhered more to traditional norms than did males. 

Brint (1994) claims that there has been a general shift among professionals from 

social trustee to expert professionalism. The students who planned to go into industry 

reflected the values Brint (1994, pp. 38, 41, 73) ascribes to expert professionals: the 

application of science to the practical problems of production, high levels of integration 

with management, the technical dimensions of work which do not require occupational 

judgment about purposes, competition, entrepreneurship, and a focus on offering their 

expertise to bidders in the marketplace. Such professionals will be most successful in the 

industrial-corporate world in "work that is closely related to profit potentials, critical 

environmental uncertainties, or managerial effectiveness." They are more interested in 

going into management or the financial side of companies. Although a large proportion of 

these students are in fields either directly or indirectly affecting human health, only a few 
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mentioned any contributions they might make to social problems. They were more 

interested in the extrinsic rewards offered by their professions. 

Proposition Two 

Those planning to go into industry will experience different patterns of socialization 

from those going into academics. This proved to be not true, as most of the students are 

still being socialized for academic careers. 

Industry Bound 

Ironically in this enviroimient of academic capitalism, many of the twelve planning to 

go into industry felt they were not receiving appropriate professional socialization. They 

noted that many mentors had never worked in industry and lacked the kinds of important 

contacts necessary to help them get jobs. Even those who had such industry contacts 

were not setting up summer internships or other training collaborations for students. 

Some mentors were even resistant to new technology and were suspicious of the ethics of 

those working in industry. A few students felt they were not getting training in the 

interpersonal commvinications skills necessary for a career in industry. Others felt their 

training and dissertation topics were too theoretical and inappropriate for a career in 

industry. One mentor failed to adequately maintain the department's lab even though he 

had generous funding and a number of others were "hands-off," letting their students 

founder. 

The inappropriate socialization described here is a result of the dynamics explained 

in proposition one. Many professors have not had prior experience in industry and have 

not accepted the new mission of academic capitalism in their institutions. They gain 

prestige by bringing in funding from the government and industry and by placing 

outstanding proteges in other elite institutions. Therefore, the type of funding students 

received did not seem to affect their socialization. Indeed, this study foimd few students 
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fimded solely by industry. Many professors blend funding, some receiving industry 

funds directly and dispersing them to students. And industries that funded some of these 

students' master's degrees isolated them from the socializing atmosphere of the 

university. 

Most of the students going into industry learned to write articles and grants and were 

able to attend conferences. A student who had previously been a manager said engineers 

and scientists in industry must spend a lot of time presenting their results to others. 

However, their publications will generally not appear in prestigious academic journals and 

these students were not as interested in publications or in peer or public recognition as 

those going into academics or labs. 

Academics Bound 

All nine of the students who described their mentors as being moderately good to 

excellent transformational agents, were planning to go into academics (six) or labs (three). 

In describing their ideal professional, thirteen of the fourteen students planning to go into 

academics or government labs were also coded as social trustee professionals, perhaps 

finding their norms and ethics more congruent with those socializing them than did the 

students who wanted to work in industry. All were receiving excellent socialization for 

careers in academia. Nevertheless, they were disillusioned by the university's grants 

processes and promotion and tenure systems, feeling that they encouraged cut-throat 

competition, poor publications, fianding for "sure things" or "hot topics," and the 

deterioration of scientific ethics. Many were not interested in trying to run large business

like research laboratories in elite institutions. 
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Proposition Three 

In an atmosphere of academic capitalism students will be encouraged to plan for 

"strategically valuable" careers whereby they can later exchange places with former 

mentors in order that both can continue to influence the direction of each institution. This 

proposition may be true, but it is more implicit than explicit. 

U. S. female 17 made a perceptive comment about the fact that scientists were more 

likely to go from industry back into academics when they were at the peak of their 

profession and not at the assistant-professor level. However, she explained that they 

would face some antagonism from those in the university when they tried to make the 

change. She implied only someone with prestige could do this successfully. U.S. male 05 

specifically said that after a relatively short, intense career in the biotechnology industry, 

he wanted to teach at a university. International post-doctorate 18 also specifically 

indicated a desire to eventually go from biotechnology back into academics. 

A female might be able to avoid the "tenure trap" by going into academics after a 

successful career in a lab or industry. Two or three international interviewees who were 

planning to go into academics or labs indicated they felt they might be missing out on the 

bigger rewards to be had in the corporate world. They may decide to go into industry 

after achieving success in an academic career. 

Proposition Four 

Socialization patterns will be different for female students and for international 

students. This proved to be true primarily for international students. 

The eleven females in the study said very little about discrimination in science. Both 

males and females had teaching responsibilities at some point in their graduate education. 

Three females discussed having difficulty getting help with interpersonal conflicts they 

experienced in their departments. Two international females were greatly outnumbered in 



218 

science classes in undergraduate school. One U.S. female was outnumbered by both males 

and international students in her engineering department. One international student was 

not receiving appropriate support from her spouse. 

One U.S. female was being limited to training on one specific instrument in her lab. 

One international postdoctorate mentioned the importance of professional connections 

and knowing the right people, probably because she lacked such resources. However, a 

male international student also mentioned lacking such connections. Another female 

postdoctorate would like to start a family but is daunted by the prospect of the pressures 

of the long tenure process. None of the females was offered an award by a pharmaceutical 

company. Otherwise, the socialization experiences for U.S. females appeared similar to 

those of U.S. males. 

However, the socialization process for the international students appeared to be 

quite different. For instance, they get no orientation to the campus, community, or 

culture. They must often rely on peers for such information. Many of them specifically 

said it took them almost a year to get their bearings and concentrate on their studies. Some 

mentors seem to be oblivious of serious problems some of their foreign students 

experience. 

Some faculty may also find it difficult to deal with language and cultural differences 

and, instead, do the students' work for them. Several native students complained about 

"worker bees" that did not really analyze what they were doing. They were referring to 

international students whose mentors told them what to do and analyzed their work for 

them. Several foreign students said their mentors did a lot of the work on their 

publications. For instance, one said his English was "pretty weak" and his mentor so 

heavily edited his first paper, "the only thing of mine that remained was my name." 
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Moreover, for various reasons most international students get no ethics training and 

they may not understand the informal transmission of ethics. Moreover, they tend to be 

deferential to their mentors. For instance, while six U.S. students and six international 

students referred to mentors as "bosses," in responding to the scenarios, international 

students particularly saw the mentors as powerful. Eight of them used phrases such as 

"Susan has to do [what her mentor says]"; "Jack is powerless"; "It is important to obey 

the mentor"; "Larry has to obey"; "John's professor owns the lab"; and "The adviser 

decides." One remarked that in his country they honor their professors. 

U.S. students, instead, were more likely to propose challenging advisers in the 

scenarios and seemed more comfortable in challenging authority. Eight made nineteen such 

remarks as: "John's adviser is wrong"; "Larry may have to argue with his adviser"; "Jean 

should go to the EPA or the ethical officer"; "Larry should talk to the department head or 

ombudsman"; "The adviser has an obligation to Jack." 

Indeed, one of the more significant findings of the Acadia Project (Anderson and 

Louis, 1994) was that international male students exhibited less support for traditional 

norms and greater support for countemorms than did U.S. male students. International 

students also tended to report lower levels of scientific misconduct in their departments 

than other students did. Anderson and Louis (1994) felt it was important to provide them 

ethics training and to integrate them more fully into the socializing milieu where they 

might absorb scientific values from their peers. 

And finally, one foreign student mentioned that U.S. students have an easy time 

getting jobs while international students often have to take post-doctorates. Indeed, the 

literature indicates that foreign graduates tend to dominate postdoctorate positions in the 

sciences. A postdoctorate gives foreign graduates additional time to locate jobs. 
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Implications 

Creating More Transformational Agents 

The powerful influence of early transformational agents, many of whom are 

marginalized females and/or those teaching in community or smaller colleges and 

universities, underscores the importance of recruiting more native females and minorities 

to science fields and providing greater support for them once there. This would also 

involve improving U.S. K-12 science and mathematics education. It also appears that 

budding scientists are influenced by television shows and movies. For instance, many 

current high-school graduates want to enter careers in forensic law enforcement due to the 

popularity of shows such as C.S.I. Glamorizing scientific careers in the media might be 

helpfiil, as most students are aware of the hard work involved in obtaining a science 

education. 

Indeed, as reported elsewhere in this paper, Cassidy (2004) writes about the 

outsourcing or off-shoring of U.S. jobs because the U.S. is not keeping its edge in science 

and technology and has trouble filling its science programs. Cassidy concludes 

(p. 30) that the U.S. can only compete globally by "increasing federal support for science 

at all levels of the education system... .building up pre-school and mentoring initiatives 

that reduce dropout rates [and] expanding scholarships and visas to attract able foreign 

students and entrepreneurs to these shores..." 

And Field (2004) reports that the National Science Board warned that the U.S. now 

ranks seventeenth among developed countries in the proportion of young people earning 

natural science and engineering degrees and recommends the U.S. make more effort to 

develop native talent and make S&E degrees more attractive and affordable for natives. 

It appears it may be the scientists in the less prestigious colleges and positions who are 

the most influential in recruiting new scientific talent in this country. 
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Changing the Grants and Mentoring Processes 

Almost all the students interviewed criticized the current governmental grants 

process as having an adverse effect on academia and scientific ethics. The process is 

obviously too political and would be improved by being supervised at the top by a 

national panel of scientists and by having grants be longer-term. Many important social 

and national concerns are being ignored in favor of commercially interesting topics and 

"hot topics," such as the recent competition for programs to fight terrorism. Large labs are 

similar to small businesses and take the principal investigator out of tiie lab and 

classroom. Yet mentors are the ones who are supposed to be informally transmitting the 

methods and ethics of science. 

Mentors should be trainers, not "bosses." The quality of mentoring varies widely. 

That for the students in this study who wanted to go into industry was inappropriate. 

Professors are not really rewarded for this activity unless they "clone" proteges. 

The relationship between students and mentors could be equalized by having the students 

apply for their own grants funding directly. Direct grants might also ensure that the 

dissertation topic was appropriate for a student's career goals. Students could also write 

grants for projects aimed at the significant problems of society not being addressed by the 

business world. These could include environmental concerns such as invasive species or 

altemative fiiel sources or serious health concerns affecting primarily poor populations. 

The mentoring process could be improved by having "teaching" professors in charge 

of a department's labs. Such faculty could be hired on the basis of their previous industry 

or government lab experience and contacts with industry. They could make sure students' 

dissertation topics were appropriate for their career goals, mediate interpersonal conflicts, 

and provide contingency plans in cases where the major adviser takes another position 

They could also ensure that laboratory equipment was up-to-date and maintained. 
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They could also monitor student deadlines and serve as department liaisons or 

ombudspersons. In this respect they could assist students in changing advisers or 

laboratories without penalty. They could give career advice and assistance and set up 

summer internships and other collaborations with industry. Their tenure process should 

not involve publications, but instead involve keeping up with developments in the science 

field and related technology. 

Post-doctorates may already carry out some of these duties, but some labs do not 

have available post-doctorates. Recruiting (within guidelines) non-stipendiary lab helpers 

such as retired professors or scientists would be useful. Departments should try to make 

the labs the types of supportive, nurturing envirormients recommended by Subramaniam 

and Wyer (1998) where students could have concepts explained to them in different ways 

and get expert assistance with their projects. 

The description by U.S. female 22 of the generalized socialization process in 

industry underscores an issue which is addressed from time to time: the fact that there is 

not a great deal of difference between the training for the different disciplines. The 

graduate students discovered that they were able to solve problems in areas outside their 

fields of expertise. Professional training could become much more interdisciplinary. 

Requiring Ethics Training 

Ethics training seems especially important for international students who should not 

be expected to informally absorb what may be unfamiliar values and ethics. Fifteen years 

ago the Acadia Project reported that male international students supported countemorms 

and its investigators recommended ethics training for them (Anderson and Louis, 1994). 

That does not seem to be occurring. 

Responses to the scenarios indicated that among this small sample of students those 

who had ethics training were better able to quickly pinpoint problematic situations and 
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formulate more accurate and insightful comments. As students 17 and 23 commented, 

ethics training seems self-explanatory but is not, ethical problems arise a lot, and much 

depends on one's degree of exposure. Social trustee professionals tended to recognize 

conflicts of interest, but many others did not recognize even blatant conflicts of interest. 

This is surprising, as much has been reported in the media recently (Willman, 2004) 

about egregious conflicts of interest on the part of top-level scientists at the NIH, one 

agency responsible for mandating scientific ethical standards. Only one student (12) 

remarked about the fact that many companies fund "pre-sanitized" research "that's 

directed at where they want to go without publishing the negative stuff at all." 

Since many of these students were primarily influenced at the high-school and 

imdergraduate levels, scientific ethics training should be required at all levels, especially 

for those planning to teach science in high schools and colleges. 

Requiring all Science Students to Work in Undergraduate Labs 

Two of the more enterprising students (12 and 20) worked in undergraduate science 

labs while they were earning their bachelor's degrees. This was very helpful in socializing 

them into the profession, even though one was heading for academics and the other for 

industry. It seems common for undergraduates to do this now. U.S male 12 points out: 

There's a lot here [at X University] for anyone, but it's up to you to get it. I 
don't know whether it's that way everywhere or because it's such a big place 
here, but there was no one here saying, "As an undergraduate, you need to do 
undergraduate research to get better when you get to graduate school." No one 
told you that, but you figure that out. 

Reforming the Tenure Process 

While the females in this study had few complaints about discrimination, one did 

refer to the "tenure trap," the fact that new female professors are required to meet heavy 

demands for publishing to acquire tenure during their crucial childbearing years. And 



224 

students mentioned that the "publish and perish" mandate in academia is partially 

responsible for deteriorating ethical and publishing standards. The refereeing process for 

both publications and grants, for instance, while it may diminish some "sloppy science," 

also provides many possibilities for ethical misconduct. The tenure process might be 

changed so that an alternative to publishing would be mentoring students. Then faculty 

could be rewarded for transmitting to graduate students both the methods of science and 

the values of science. 
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APPENDIX A: APPROVED RECRUITING LETTER TO FACULTY 

Dear Chair or Professor: 

I am doing a dissertation for Center for the Study of Higher Education at the University 
of Arizona for which I would like to interview graduate students in your department 
who are in at least their third year of Ph.D. studies or are postdoctoral fellows. I am 
building on an NSF study done at the University of Minnesota's Acadia Institute 
which examined the socialization of graduate science students. The title of my study is 
"The Effects of Academic-Industry Relations on the Professional Socialization of 
Graduate Science Students." Professional socialization is defined as: 

The bidirectional process of transforming a student into what s/he sees as 
an ideal professional role model-a person with the knowledge, skills, 
attitudes, language, norms, ideology, heritage, etiquette, and values to be 
successfiil in a professional career. 

With your approval and assistance I would specifically like to talk to the following types 
of students who are doing their research either on government or industrial fiinds and are 
willing to describe the way their concept of their chosen profession, career goals, and 
scientific and academic norms gradually evolved during the department's 
socialization process. 

U.S. Males U.S. Females Intl Males Intl Females 
Govt funds 1 1 1 1 
Industry $ 1 1 1 1 

As I audiotape one-hour interviews I will simultaneously be taking notes on a laptop. The 
identities of interviewees will be indicated by a code and held in the strictest confidence. 
Volunteers should feel free to refiise to answer any questions or to withdraw from the 
interview at any time. I would appreciate it if you could post this request on your 
department web site or could have students you feel would be interested e-mail me at 
either: holleman@, email.arizona.edu or pholleman@theriver.com. 

I will also need your permission to interview volunteers at a convenient campus location. 
An approval letter is attached. Thank you. 

mailto:pholleman@theriver.com
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APPENDIX B; APPROVED LETTER TO RECRUIT STUDENTS 

I am interested in interviewing graduate science students who have finished or are 
finishing their Ph.D. programs in research universities which have had some collaborations 
with industry. I am following up on an NSF study of graduate student socialization done 
in the early 1990s by the Acadia Institute at the University of Minnesota. In am 
particularly interested in having students describe how they experienced the process of 
being transformed gradually over the course of their educational programs into what they 
see as an ideal professional role model-a person with the knowledge, skills, attitudes, 
language, norms, ideology, heritage, etiquette, and values to be successful in a professional 
scientific career. 

In order to follow up on the previous study, I need to interview different categories 
of students: native and international students, males and females, and those who have had 
research funding from either the federal government or a company. This will total 
twenty-four students from three fields: chemistry, civil engineering, and microbiology. 

I will ask permission to use various sites at your university where I can conduct one 
hour interviews which I will audiotape. No personal identities will ever be revealed in 
connection with this study, as I will immediately substitute an accession number for your 
name on the consent form. I will also code the following information: university, field of 
study, fimding source (federal or corporate), nationality, and gender. No risks are 
anticipated in connected with this study and no compensation will be provided. 
Your cost will be the time involved. You will need to read and sign a consent form. 

My study may indicate to university and government policy makers that some 
changes should be made in the professional socialization process, such as providing 
resources so that all students can engage in truly independent research and have equitable 
access to trained, effective faculty mentors who are rewarded for this activity. 

I can be contacted in Tucson, Arizona, at 520-297-4282 or by e-mail at: 
holleman@email.arizona.edu or pholleman@.theriver.com 

Thanks. 



APPENDIX C: FINAL CONFIGURATION OF 25 INTERVIEWEES 

CHEMIST RY 
U.S. Males U.S. Females Int'l Males Int'l Females 

Gov't 
Funding 

1 (#10) 2 (#07, #11) 2 (#06, #15) 1 (#02) 

Industry or 
Comb. 

1 (#21) 1 (#19) 1 (#18) 

CIVIL & SYSTEMS ENGINEERING & OPTICAL SC [ENCES 
U.S. Males U.S. Females Int'l Males Int'l Females 

Gov't 
Funding 

2(#08, #25) 

Industry or 
Comb. 

1 (#27) 2(#26, #22) 1(#13) 

MIC ROBIOLOGY & BIOMEDICAL ENGINEERING 
U.S. Males U.S. Females Int'l Males Int'l Females 

Gov't 
Funding 

1 (#12) 2 (#16, #17) 1 (#04) 1(#09) 

Industry or 
Comb. 

3 (#05, #20 
#24) 

2(#14, #23) 
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APPENDIX D: INTERVIEW QUESTIONS 

1. How has your graduate work been funded—^by the federal government or by 
industry? Major? Year in graduate school? Nationality? Gender? 

2. Socialization is a two-way process of transforming you into what you see as an 
ideal professional role model so you can be successfiil in a professional scientific 
career. 

Do you remember how you set your scientific professional goals before you 
attended undergraduate school? 

How did your scientific professional goals change during undergraduate school? 

How did your scientific professional goals change during graduate school? 

3. What things or people most helped you along the way toward your professional 
and educational goals? 

4. What things or people most hindered you along the way toward your 
professional and educational goals? 

5. At this time how would you describe a successful scientific professional in your 
field? 

6. In what important ways do you feel graduate school has changed you? 

7. Do you feel you have been adequately trained to pursue your professional goals 
no matter in which type of environment (academic, industry, or government) you 
find yourself working? 

8. If you make any discoveries while you are in graduate school which might have 
commercial value, how would you proceed? 

9. Did you have to sign a statement when you started your Ph.D. specifying who 
would own any discoveries you might make? 

10. Scientific norms involve objectively evaluating other scientists and their findings, 
freely sharing all new discoveries, and the disinterested search for truth. A 
physics professor says these represent an "adolescent fantasy" and that only the 
general public and beginning science students would take the idea of a purely 
objective scientist literally and seriously. Would you agree with him or not? 
Why? 
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11. Have you taken a graduate class in scientific ethics? 

11 a. The Acadia Institute at the University of Minnesota, in their 1994 survey of 
2,000 students and 2,000 faculty in chemistry, civil engineering, microbiology, 
and sociology, found a surprising number of respondents who reported direct 
knowledge of instances of plagiarism, data fabrication, sloppy uses of data, and 
inappropriate credit for authorship. Are you aware of such instances? 

Give me your thoughts on the following scenarios. There are no "right" or "wrong" 
answers, but try to identify the issues involved. 

Scenarios: 
12. Jessica works on her Ph.D. in Dr. Jones' lab. She starts out on three projects, but 
settles on the one most closely related to a federal grant Jones has. When she finishes the 
Ph.D., she is offered a tenure-track position at another college. She returns to the lab to 
get her notebooks, hoping to continue work on the other two projects she started. Dr. 
Jones insists that the notebooks belong to his lab, as the work was funded by grants and 
that a new T.A. will be working on the two projects in the fall. One of Jessica's lab 
partners advises her to copy the notebooks while Dr. Jones is out of town. What should 
she do? (From Bebeau, et al., 1995) 

13. Jack is beginning his Ph.D. Although his adviser has some federal grants, the project 
Jack is working on is funded by a single company. He knew this ahead of time and 
thought it would be no problem, but he hadn't known his adviser had a major consulting 
agreement with this company. Jack also heard from other students that he might have 
some problems: the company might dictate the topic of the dissertation or when it came 
time to publish his dissertation the company might delay it to see if his findings had 
potential value or were patentable. Patenting may take at least six months. What should 
he do? (Modified from On Being a Scientist: Responsible Conduct in Research, 1995, p. 
9) 

14. When John completes his Ph.D., the company sponsoring his research asks him to 
falsify or leave out some of the data before it is placed in the university library. His 
adviser tells him this is called "sanitizing" the publication and that it is done all the time in 
classified documents. What should he do? (From Slaughter, et al., 2002) 

15. Susan is working under funding from the federal government to develop a new 
material. Her dissertation will deal with this process. However, the professor asks her 
instead to do some work on a project for a company he owns. What should she do? 
(From Slaughter, et al., 2002) 
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16. Rebecca is working on a doctoral project for a company which is trying to develop a 
biodegradable material. After she finishes her Ph.D., she takes the notebooks from the lab 
and on her own develops a similar product which can be used to purify wastewater. Can 
she patent this product as her own? 

17. John, a post-doc, temporarily joined a research lab. The head of the lab. Dr. Brown, 
asked him to investigate a difficult organic chemical reaction. Soon John claimed to have 
solved the problem by using a certain reagent he independently discovered, but he didn't 
have enough evidence and he left for a new job. Jill, a graduate student, continued the 
work, having access to John's notebook and data. She found that his procedures were 
poorly written and impossible to duplicate. His data were also inconsistent and no valid 
conclusions could be drawn. Six months later Dr. Brown and Jill submitted their results to 
a journal without consulting John. When John angrily confronted them, they pointed out 
that their procedure differed from his and his work contained no data that could confirm a 
successful result. John couldn't deny this, but argued that his idea led to a solution and he 
should be acknowledged. Dr. Brown felt listing John as a co-author wasn't justified. 
Moreover, Dr. Brown thought an acknowledgment would complicate matter if a patent 
were to be filed on the experimental procedure. (Modified from Weil, 2003). 

18. Jean is doing her dissertation on environmental factors which might cause the decline 
of native fish downstream from where several chemical companies release wastewater. 
Her adviser's lab is funded by a consortium of these particular chemical companies. The 
focus of the lab is on TTT which is extremely difficult to remove from wastewater. 
However, Jean uncovers evidence which leads her to suspect another substance is 
affecting the native fish. Her adviser, however, insists she limit her research to TTT, as 
that's what the lab is funded for. What should she do? (Modified from Weil, 2003, Online 
Ethics Center 



231 

APPENDIX E: IDEAL PROFESSIONAL IMAGE 

U.S. Students - Government Funding 
Males Females 

12 TAcademic - SOCIALS 
* Lab leader or lead investigator 
* Basic research over profit-driven research 
* Collaborator 
* Good mentor - helps others succeed 
* Competent 
* Hired by elite institutions 
* Consistent publication record 
* Recognition by peers 
* Creativity in research 

10 rindustrv - EXPERTS 
* Creativity in research 
* Superior knowledge 
* Good work mentor 
* Balance in career 
* Management skills 
* Entrepreneurship 

17 rGov't Lab-SOCIALS 
* Enjoyment of career 
* Balance in career 
* Recognition by peers 
* Succeeds 

16 rindustrv - EXPERTS 
* Balance in career 
* Prestige (recognition) 
* Autonomy 

07 (Gov't Lab-SOCIALS 
* Teaching in small college 
* Social skills 
* Communicator 
* Well-rounded (balance) 
* Motivator (mentor) 
* Leader but still in lab 

11 (Academic - SOCIALS 
* Enjoyment of career 
* Balance in career 
* Recognition by colleagues 
* Publication record 
* Not driven by money 
* Against ethics in industry 

Gov't Funds MALES = 1 Social & 1 Expert FEMALES = 3 Social & 1 Expert 
Ind/Comb MALES = 2 Social & 3 Expert FEMALES = 2 Social 

Totals MALES = 3 Social & 4 Expert FEMALES = 5 Social & 1 Expert=13 
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IDEAL PROFESSIONAL IMAGE 
U.S. Students - Industry or Combination Funding 

Females 
24 

05. 
* 

2L 
* 
* 

Males 
rindustrv - EXPERTS 

Balance in career 
Enjoyment of career 
Publications-advancing the field 
Work in small or mid-sized firm 
Collaboration with industry 
Involvement in university community 
Industry provides good income & job 

rindustrv -EXPERTS 
Publication record and patents 
Grants funded 
Good company, stable job 
Enjoyment of career 
Small or mid-sized firm 

^Academics - SOCIAL') 
Publications advancing field 
Recognition by peers 
Enjoyment of career 
Significance in scientific or social way 
Teaching only 
Wants to stay in lab 

22 

26 
* 
* 

(Academics - SOCIALS 
Creativity 
Managing -$ and opportunities 
Publications in interesting areas 
Bringing research into classroom 
Mentoring students 
Success not about making $ 

(Academics - SOCIALS 
Not in it for money 
Publication record 
Good mentor 
Leader in management 
Recognition -well-known in field 
Balance in career 
Not in it for the money 

27 (Government - SOCIALS 
* Enjoyment of career 
* Basic not commercial research 
* Small-group work with scientists 
* Publications and presentations 
* Recognition 
20 (Industry - EXPERT^) 
* Enjoyment of career 
* Productive lab 
* Leadership - group 
* Interesting work 

Males = 2 Social & 3 Expert; Females = 2 Social 
Totals for U.S. Students: 

Males = 3 Social & 4 Expert Females = 5 Social & 1 Expert =13 
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IDEAL PROFESSIONAL IMAGE 

International Students - Government Funded 

Males 
25 rAcademic - SOCIALS 
* Publications record 
* Recognition by peers 
* Lots of contacts 
* Grants funded 
* Teaching those who can't afford elite colleges 
* Change educational system in own country 
* Good mentor 
* Big lab - space 

Females 
09 ^Academic - SOCIALS 
* Advancing the field 
* Pioneer in field 
* Full professor 
* Good mentor 

06 (Industry - EXPERT! 
* Goal oriented - organized 
* Future indicator 
* Undistracted by setbacks 
* Good communicator 
* Manager/leader 

02 rindustrv - EXPERT') 
* Challenging research 
* Able to solve problems on own 
* Ability to start own business 

04 rCiov'tLab-SOCIAL! 
* Senior Researcher at CDC 
* Find cure for a human epidemic 
* Not in science for the money 
* Sharing of knowledge 

08 rindustrv - EXPERT! 
* Enjoying career and work 
* Change workers in own country 
* Getting patents 

15 rindustrv-EXPERT! 
* Full professor 
* Recognized internationally 
* Ability to start own business 

Males = 2 Social, 3 Expert; Females = 1 Social, 1 expert 
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IDEAL PROFESSIONAL IMAGE 

International Students - Industry or Combination Funding 

Males Females 

13 Academics- SOCIALS 
* Publications record 
* Able to teach responsibility and ethics 
* Able to teach enjoyment of science 
* Cited a lot 
* Creativity 
* Recognition - international 
* Balance in career 

19 (Industry - EXPERTS 
* Enjoyment of career 
* Publications or patents 
* Good mentor/teacher 
* Ability to start own business 

18 (Industry - SOCIALS 
* Publications 
* Leader - large research group 
* Grants funded 
* Getting interesting results 
* In lab, not up ladder 
* Enjoyment of career 

14 andustrv - EXPERTS 
* Leader of project group 
* Results affect liyes 
* Interesting projects 

23 (Gov't Lab- SOCIALS 
* Hands-on researcher, 

Not Ph.D. manager 
* Successful lab 
* Tenure (full professor) 
* Collaborator 
* Exposure through jobs 
* Not in science for money 

Males: 1 Social, 1 Expert 

Total for International Students: 
Males: 3 Social, 4 Expert 

Females 2 Social, 1 Expert 

Females: 3 Social, 2 Expert =12 
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IDEAL PROFESSIONAL IMAGE - TOTALS AND CONCLUSIONS 

U.S. Gov't Funds: Males = 1 Social & 1 Expert 
U.S.Ind/Comb Funds Males = 2. Social & 3_Expert 
Total U.S. 3 Social & 4 Expert 
Total 8 Social and 5 expert for U.S. students =13 

Intl -Gov't Funds Males = 2 Social & 3 Expert 
Int'l-Ind/Comb Funds Males = LSocial & 1 Expert 
Total Int'l 3 Social & 4 Expert 
Total 6 Social and 6 Expert for Int'l Students =12 

Females 3 Social & I Expert 
Females 2_Social 

5 Social & 1 Expert 

Females 1 Social & 1 Expert 
Females^ Social & 1 Expert 

3 Social & 2 Expert 

GRAND TOTALS - U.S. and International, Government fimded and Industry funded: 
Males: 6 Social, 8 Expert Females: 8 Social, 3 Expert =25 

TOTAL SOCIAL = 14 TOTAL EXPERT = 11 

U.S. 
5 Academics = Social 
5 Industry = Expert 
0 Industry = Social 
3 Gov't Labs= Social 

International Totals 
3 Academics = Social = 8 
6 Industry = Expert = 11 
1 Industry = Social = 1 
2 Gov't Labs = Social = 5 

Conclusions: 

• Those planning to go into Academics or Government Labs tend to be Social Trustee 
Professionals 

Those planning to go into Industry tend to be Expert Professionals 

U.S. Females are more likely to be Social Trustee Professionals 
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APPENDIX F: RATING RESPONSES TO ETHICAL QUESTIONS 

8. If you make any discoveries while you are in graduate school which might have 
commercial value, how would you proceed? 

The purpose of this question was to see if the students were generally aware of the 
intellectual property (IP) policies of universities and what they entail. Institutions 
or funders own the property rights to any discoveries made by faculty and students 
in the classroom. A number of the scenarios (12-18) also deal indirectly with patent 
issues. According to Smith-Doerr, Owen-Smith, Koput, and Powell (1999, p. 393), 
U.S. patents confer exclusive rights to a discovery for seventeen years and "were 
designed to insure that useful irmovations would be transferred to public domain 
despite considerable economic incentives to maintain secrecy." Patenting is an 
expensive and lengthy process usually lasting eighteen months and the discovery 
must meet three tests: be useful; be novel; and be non-obvious to "a person of 
ordinary skill in the art," such as a Ph.D. practitioner in the field. 

9. Did you have to sign a statement when you started your Ph.D. specifying who 
would own any discoveries you might make? 

The purpose of this question was to see if students might have been made 
aware of university intellectual property policies when they enrolled in 
programs. 

10. Scientific norms involve objectively evaluating other scientists and their findings, 
freely sharing all new discoveries, and the disinterested search for truth. A physics 
professor says these represent an "adolescent fantasy" and that only the general 
public and beginning science students would take the idea of a purely objective 
scientist literally and seriously. Would you agree with him or not? Why? (Adapted 
fromTraweek, 1988). 

This question was intended to assess interviewees' understanding of Merton's 
scientific norms of universalism, communality, or disinterestedness. 

11. Have you taken a graduate class in scientific ethics? 

The purpose of this question was to assess whether various departments required 
such a class and whether the responses of students who had taken such a class 
differed significantly from those of students who hadn't. 
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11a. The Acadia Institute at the University of Minnesota, in their 1994 survey of 
2,000 students and 2,000 faculty in chemistry, civil engineering, microbiology, and 
sociology, found a surprising number of respondents who reported direct knowledge 
of instances of plagiarism, data fabrication, sloppy use of data, and inappropriate 
credit for authorship. Are you aware of such instances? 

The purpose of this question was to see if students were aware of the relative 
seriousness of these types of scientific misconduct and to try to assess their degree 
of exposure. 

Scenarios: A number of scenarios were included to see how the interviewees might 
handle various ethical conflicts. This is the most crucial aspect of their journey. The 
scenarios were adapted from various sources. According to Bebeau, et al., (1995) in 
"Moral Reasoning in Scientific Research," one should judge responses to moral problems 
by looking for some of the following: 

• Does the response address each of the issues of ethical conflict? 
• Are the consequences of acting recognized? 
• Are each of the duties or obligations of the protagonist addressed? 

Interviewees had very limited time to address each of the scenarios Their responses, 
therefore, had to be judged on two bases: whether or not they addressed a few major 
issues and suggested some ways to resolve them and-in questions 13,14,15, and 
18-whether they recognized the potential conflicts of interest of the professors involved. 
Following are the scenarios and some indication of the issues involved in each: 

12. Jessica works on her Ph.D. in Dr. Jones' lab. She starts out on three projects, but 
settles on the one most closely related to a federal grant Jones has. When she finishes the 
Ph.D., she is offered a tenure-track position at another college. She returns to the lab to 
get her notebooks, hoping to continue work on the other two projects she started. Dr. 
Jones insists that the notebooks belong to his lab as the work was fimded by grants and 
that a new T.A. will be working on the two projects in the fall. One of Jessica's lab 
partners advises her to copy the notebooks while Dr. Jones is out of town. What should 
she do? (From Bebeau, et al., 1995) 

According to Bebeau, et al., (1995), some issues to be addressed in #12 are: 

• Independence of inquiry-scientists want to be able to pursue any line of inquiry 
whether or not others are working on it and want to be able to maintain control over 
their ideas and data until they are ready to publish; 

• Cooperation-collegied sharing of information and research materials-Jessica may be 
able to collaborate with her former professor on a similar project; 

• Intellectual property (IP) issues-the notebooks belong to the lab and grantor; 
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• Jessica will need Dr. Jones' good will; 
• Dr. Jones needs to make his students aware of these policies and issues; 
• As a newly minted professor Jessica needs to develop her own projects and inform 

herself on these issues. 

13. Jack is beginning his Ph.D. Although his adviser has some federal grants, the project 
Jack is working on is funded by a single company. He knew this ahead of time and 
thought it would be no problem, but he hadn't known his adviser had a major consulting 
agreement with this company. Jack also heard from other students that he might have 
some problems: the company might dictate the topic of the dissertation; when it came 
time to publish his dissertation the company might delay it to see if his findings had 
potential value or were patentable. Patenting may take at least six months. What should 
he do? (Modified from On Being a Scientist: Responsible Conduct in Research, 1995, p. 
9) 

Issues which might be addressed are: 

• Intellectual property belongs to the employer or fiinder; 
• The student cannot present his findings to potential employers or publish the 

dissertation to graduate until the patent process is completed; 
• Someone may scoop student's results during this waiting period; 
• The advisor may dictate the dissertation topic based on the needs of the company; 
• The advisor should give precedence to Jack's academic needs; 
• U.S. courts have decided that graduate student dissertations, if deposited on the open 

shelves of a university library, represent publications (Slaughter, 2002). 

14. When Larry completes his Ph.D., the company sponsoring his research asks 
him to falsify or leave out some of the data before it is placed in the university 
library. His advisor tells him this is called "sanitizing" the publication and that it is 
done all the time in classified documents. What should he do? (See Slaughter, et 
al., 2002). 

Some of the issues involved are: 

• Falsification of data is a serious type of scientific misconduct according to the 
standards set forth by the NIH and the NSF; 

• If the student cannot publish his dissertation, he cannot graduate and he cannot 
present his results for a potential employer; 

• The professor seems to have a conflict of interest in trying to protect the company's 
competitive advantage instead of protecting the student's academic endeavor; 

• The student should appeal to someone above the professor. Ideally the university 
will have some sort of ombudsperson to handle such matters. 
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15. Susan is working under funding from the federal government to develop a new 
material. Her dissertation will deal with this process. However, the professor asks her 
instead to do some work on a project for a company he owns. What should she do? (See 
Slaughter, et al., 2002). Some issues which might be addressed are: 

• Conflict of interest on part of the professor who may not only be using federal 
funds for his private company but might also be evaluating his own products; 

• Even if the professor is paying her, the additional work should not be impeding her 
work on her dissertation project; 

• If the professor is paying her for the additional work, he should be keep the funding 
lines separated; 

• The university needs an ombudsperson to handle problems such as this. 

16. Rebecca is working on a doctoral project for a company which is trying to 
develop a biodegradable material. After she finishes her Ph.D., she takes the 
notebooks from the lab and on her own develops a similar product which can be 
used to purify wastewater. Can she patent this product as her own? 

(This scenario is based loosely on a real case described by DeQuine in the 
Christian Science Monitor (1996). A graduate student at the University of South 
Florida ended up on a chain gang. He was first charged with stealing university 
property in regard to the notebooks and asked by the court not to use the data. 
But he applied for and received patents. After refusing to sign the patents over 
the university, he was sent to prison.) Some of the issues are: 

• The notebooks belong to the laboratory and she should not have taken them. A 
patent case would probably rely on them; 

• The university and fiinder own the IP rights to discoveries made in their labs. 

17. John, a post-doc, temporarily joined a research lab. The head of the lab. Dr. Brown, 
asked him to investigate a difficult organic chemical reaction. Soon John claimed to have 
solved the problem by using a certain reagent he independently discovered, but he didn't 
have enough evidence and he left for a new job. Jill, a graduate student, continued the 
work, having access to John's notebook and data. She found that his procedures were 
poorly written and impossible to duplicate. His data were also inconsistent and no valid 
conclusions could be drawn. Six months later Dr. Brown and Jill submitted their results 
to a journal without consulting John. When John angrily confronted them, they pointed 
out that their procedure differed from his and his work contained no data that could 
confirm a successful result. John couldn't deny this, but argued that his idea led to a 
solution and he should be acknowledged. Dr. Brown felt listing John as a co-author 
wasn't justified. Moreover, Dr. Brown thought an acknowledgment would complicate 
matter if a patent were to be filed on the experimental procedure. (Adapted from Weil, 
2003, Case Western Reserve University Online Ethics Center). 
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Some issues which could be identified for scenario 17 are: 

• The biggest issue here is lack of communication-John should have been asked 
to return and repeat his experiments and obtain valid data (but it is his fault 
he didn't offer to do this). Professor and Jill should have informed him about 
the pending publication as a matter of common courtesy. 

• John was sloppy in keeping his data and the professor did not supervise his work. 
• Authorship means a significant contribution; he could have been acknowledged. 
• Patents are awarded for practical applications, not ideas. 
• Authorship conventions differ. Sometimes person with greatest name recognition is 

listed first, other times last. Sometimes supervisor's name is never listed, other times 
it's always listed. Sometimes professors have authors' names listed alphabetically. 
Occasionally someone is included even though not a contributor. Many journals try 
to prevent this by asking them to sign forms stating that they made a real 
contribution to the article and are satisfied with the attributions. 

18. Jean is doing her dissertation on environmental factors which might cause the decline 
of native fish downstream from where several chemical companies release wastewater. 
Her adviser's lab is funded by a consortium of these particular chemical companies. The 
focus of the lab is on TTT which is extremely difficult to remove from wastewater. 
However, Jean uncovers evidence which leads her to suspect another substance is 
affecting the native fish. Her adviser, however, insists she limit her research to TTT, as 
that's what the lab is funded for. What should she do? (Adapted from Weil, 2003, Case 
Western Reserve University Online Ethics Center). Some issues are: 

• Respondents should note the conflict of interest the professor has in having the lab 
funded by chemical companies. He is influencing experimental design. 

• Jean may compromise her integrity by omitting the other substance from her 
research. 

• The professor should not have allowed Jean to get into this situation. Jean either 
loses her enjoyment of science, her integrity, or her funding. 

• Environmental concerns are important. Jean or the professor needs to bring this 
issue to the attention of someone who can do the experiments. 

• The university should have a policy protecting independence of research and 
protecting the public and should have an ombudsperson for situations like this. 

• Jean could try another tactic to do the research she wants to do. 
• Jean must either follow her professor's orders and do her dissertation on TTT only 

or find another mentor and lab 
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APPENDIX G: RATING STUDENT RESPONSES TO SCENARIOS 

U.S. Students—Government Fimding 
Males Females 

Student Issues COI Student Issues COI 
#12 20 3 #17 23 3 
#10 15 2 #16 17 1 

#11 20 2 
#07 20 2 

Scores 35 5 80 8 Aver. 19.2 13 COI 

U.S. Students—Industry and Combination Funding 
Males Females 

Student Issues COI Student Issues COI 
#24 20 3 #22 21 2 
#05 19 1 #26 16 
#21 21 3 
#27 16 2 
#20 20 1 
Scores 96 10 37 2 Aver. 19.0 12 COI 

International Students—Government Funding 
Males Females 

Student Issues COI Student Issues COI 
#25 13 2 #09 14 1 
#06 11 0 #02 21 1 
#04 16 2 
#08 12 1 
#15 17 3 

69 8 35 2 Aver. 15.0 10 COI 

International Students—Industry and Combination Funding 
Males Females 

Student Issues COI Student Issues COI 
#13 21 2 #18 20 1 
#19 21 1 #14 14 0 

#23 21 4 
Scores 42 3 55 5 Aver. 19.5 8 COI 

U.S. Males Aver.= 18.7 Tot COI = 15 
U.S. Females Aver.= 19.5 Tot COI =10 
Aver. U.S = 19.0 Tot COI = 25 

Int'l Males Aver. = 16.0 Tot COI = 11 
Int'l Females Aver.=l8.0 Tot COI = 7 
Aver. Int'l = 17.3 Tot COI = 18 



242 

REFERENCES 

Abbott, A. (1988). The system ofprofessions: An essay on the division of expert labor. 
The University of Chicago Press. 

Alarcon, R. (1999, June/July). Recruitment processes among foreign-bom engineers and 
scientists in Silicon Valley. American Behavioral Scientist 42:1381-1397. 

Anderson, C. (1994, February 11). Academy [National Academy of Sciences] warns 
against slipping ethics. Science 263: 747-748. 

Anderson, M. S. (1999). Uncovering the covert: research on academic misconduct. In J. 
M. Braxton (Ed.), Perspectives on scholarly misconduct in the sciences (pp. 283-314). 
Columbus: Ohio State University Press. 

Anderson, M. S. (2001, March/April). The complex relations between the academy and 
industry: Views from the literature. Journal of Higher Education 72: 226-246. 
Retrieved April 15, 2002 from http://spweb.silverplatter.com/cl38976 

Anderson, M. S. & Louis, K. S. (1991). Subscription to norms and counternorms of 
academic research: The effects of departmental structure and climate. Boston, MA: 
Association for the Study of Higher Education. (ERIC Document Reproduction 
Service No. ED 339293) 

Anderson, M.S. & Louis, K. S. (1994). The graduate student experience and subscription 
to the norms of science. Research in Higher Education 35: 273-299 

Anderson, M.S., Louis, K. S., & Earle, J. (1994). Disciplinary and departmental effects 
on observations of faculty and graduate student misconduct. Journal of Higher 
Education 65: 330-350. [Also published in J. M. Braxton (Ed.), Perspectives on 
scholarly misconduct in the sciences (pp. 213-235). Columbus, OH: Ohio State 
University Press.] 

Anderson, M. S. & Swazey, J. P. (1998, Spring). Reflections on the graduate student 
experience: An overview. In M. S. Anderson, (Ed.), The experience of being in 
graduate school: An exploration. New Directions for Higher Education 101 (pp. 3-
13). San Francisco, CA: Jossey-Bass Publishers. 

Antony, J. S. (2002). Reexamining doctoral students socialization and professional 
development: Moving beyond the congruence and assimilation orientation. In J. C. 
Smart, (Ed.), Higher education: Handbook of theory and research Vol. XVII (pp. 
349-380). New York: Agathon Press. 



243 

Amone, M. (2002, September 6). Colleges expect the worst in preparing for new system 
to track foreign students. The Chronicle of Higher Education 49. [Retrieved 
September 26, 2002 from http://chronicle.eom/weekly/v49/i02/02a03301.htm 

Association of University Technology Managers. 1998 Survey. Academic research helps 
drive U.S. economy: Produces $34 billion impact and 280,000 jobs. Retrieved March 
15, 1999 from http://www.autm.net 

Association of University Technology Managers. 2001 Survey. Retrieved March 26, 
2002 from http://www.autm.net 

Association of University Technology Managers, 2003 Survey. Retrieved February 24, 
2004 from http://www.autm.net 

Astin, H. S. (1991). Citation classics: Women's and men's perceptions of their 
contributions to science. In H. Zuckerman, J. R. Cole, & J. T. Bruer, (Eds.), The 
outer circle: Women in the scientific community (pp. 57-70). New York: W. W. 
Norton. 

Bailey, J. J., Tisdell, E. J., & Cervero, R. M. Race, gender, and the politics of 
professionalization. (1994, Spring). In E. Hayes & S. A. J. Colin III (Eds.), 
Confronting racism and sexism. New Directions for Adult and Continuing Education 
61. (pp. 63-76) San Francisco: Jossey-Bass Publishers. 

Baird, L. L. (1990). The melancholy of anatomy: The personal and professional 
development of graduate and professional school students. In J.C. Smart (ed.). 
Higher education: Handbook of theory and research (Vol. 6, pp. 361-391). New 
York: Agathon Press. 

Barber, L. A. (1995, March/April). U.S. women in science and engineering, 1960-1990: 
Progress toward equity? Journal of Higher Education 66: 213-234. 

Bamett, R. C. & Rivers, C. (2004, September 3). Men are from earth, and so are women: 
It's faculty research that sets them apart. The Chronicle of Higher Education 51. 
Retrieved September 20, 2004 from 
http://chronicle.com/weekly/v5 l/i02/02b01101 .htm 

Bartlett, T. (2004, January 16). Fewer foreigners go home after earning U.S. doctorates. 
The Chronicle of Higher Education 50. Retrieved January 27,2004 from 
http://chronicle.eom/weekly/v50/i 19/19a04101 .htm 



244 

Bebeau, M. J. (1995, December). Developing a well-reasoned response to a moral 
problem in scientific research. In Bebeau, M., et al.. Moral reasoning in scientific 
research: Cases for teaching and assessment. Retrieved August 5,2002 from 
www.indiana.edu/~poynter/nir.pdf 

Bebeau, M. J. (1995, December). The Jessica Banks Case. In Moral reasoning in 
scientific research: Cases for teaching and assessment. Retrieved August 5, 2002 
from http ://www.indiana.edu/~pointer/mr.pdf 

Bekelman, J. E., Li, Y., & Gross, C. P. (2003, January 22/29). Scope and impact of 
financial conflicts of interest in biomedical research: A systematic review. JAMA 289: 
454-465. 

Belenky, M. F., Clinchy, B. M., Goldberger, N. R., & Tarule, J. M. (1986). Women's 
ways of knowing: The development of self voice and mind. New York; Basic Books. 

Berg, H. M. & Ferber, M. A. (1983, November-December). Men and women graduate 
students: Who succeeds and why? Journal of Higher Education 54: 629-648. 

Bernstein, M. (2001). The Method to Arrive at an Ethical Decision. Retrieved August 5, 
2002 from http://www-hsc.usc.edu/mbemste/tae.decisions.bemstein.html 

Bess, J. L. (1978). Anticipatory socialization of graduate students. Research in Higher 
Education 8: 289-317. 

Bielby, W. T. (1991). Sex differences in careers: Is science a special case? In H. 
Zuckerman, J. R. Cole, & J. T. Bmer, (Eds.), The outer circle: Women in the scientific 
community (pp. 171-187). New York: W. W. Norton. 

Biglan, A. (1973). The characteristics of subject matter in different academic areas. 
Journal of Applied Psychology 57: 195-203. 

Biglan, A. (1973). Relationships between subject matter characteristics and the stmcture 
and output of university departments. Journal of Applied Psychology 57: 204-213. 

Bird, S. J. (1999). Including ethics in graduate education in scientific research. In J. M. 
Braxton (Ed.), Perspectives on scholarly misconduct in the sciences (pp. 174-188). 
Columbus: Ohio State University Press. 

Blumenstyk, G. (1999, April 9). Universities urged to protect scholars whose findings 
anger companies. The Chronicle of Higher Education. Retrieved April 25,1999 from 
http://chronicle.com. 

http://chronicle.com


245 

Blumenstyk, G. (1999, December 10). Colleges reaped $576-million in licensing 
royalties in 1998, sxorvey finds. The Chronicle of Higher Education. Retrieved 
January15,2000 fi-om http;//chronicle.com 

Blumenstyk, G. (2001, October 10). University group offers new guidelines to govern 
potential research conflicts. The Chronicle of Higher Education Retrieved October 
27,2001 fi-om http://chronicle.eom/daily/2001/10/2001101008n.htm 

Blumenstyk, G. (2003, May 22), Universities collected $827 million in payments on 
inventions in 2001. The Chronicle of Higher Education. Retrieved June 1,2003 from 
http://chronicle.eom/daily/2003/05/2003052201n.htm 

Blumenstyk, G. (2003, December 19). NIH questioned over consulting deals. The 
Chronicle of Higher Education 50. Retrieved December 21,2003 from 
http://chronicle.eom/weekly/v50/il7/17a02702.htm 

Blumenthal, D., Campbell, E. G., Caxasino, N., & Louis, K. S. (1996, December 5). 
Participation of life-science faculty in research relationships with industry. New 
England Journal of Medicine 335:1734-39. 

Booth, W. (1989, January 6). NIH scientists agonize over technology transfer. Science 
243:20-23. 

Borgatta, E. F. & Borgatta, M. L. (Eds.) (1992). Feminist theory. In Encyclopedia of 
sociology. (Vol. 2, pp. 695-703). New York: Macmillan Publishing Co. 

Bowie, N.E. (1994). University-business partnerships: An assessment. Lanham, MD: 
Rowman & Littlefield Publishers, Inc. 

Bragg, A. K. (1976). The socialization process in higher education. ERIC/higher 
education report No. 7. Washington: American Association for Higher Education. 

Brainard, J. (2004, April 19). Federal agency proposes revised regulations on research-
misconduct investigations. The Chronicle of Higher Education. Retrieved April 25, 
2004 from http://chronicle.eom/daily/2004/04/200404190n.htm 

Brainard, J. (2004, May 13). Department of Health and Humein Services publishes final 
guide on financial conflicts of interest. The Chronicle of Higher Education. Retrieved 
May 26, 2004 from http://chronicle.eom/daily/2004/05/200405130n.htm 

Brainard, J. (2004, May 13). Lawmakers criticize fees and awards won by NIH 
scientists and promise increased oversight. The Chronicle of Higher Education. 
Retrieved May 26, 2004 from http://chronicle.eom/daily/2004/05/2004051301.n.htm 



246 

Brainard, J. (2004, May 28). U. of Pittsburgh's prize to former chief of cancer institute 
draws fire from Congress. The Chronicle of Higher Education 50. Retrieved June 3, 
2004 from http://chronicle.eom/weeklv/v50/i38/38a02202.htm 

Branscomb, L. M. (1997, Spring). From technology politics to technology policy. Issues 
in Science and Technology 13. Electronic text. Retrieved May 5, 2000 
fromhttp://web3 .infotrac.galegroup.com/infonnark/718/694/44497w3/ 

Braxton, J. M. (1991, January/February). The influence of graduate department quality 
on the sanctioning of scientific misconduct. Journal of Higher Education 62: 87-108. 

Braxton, J. M. (Ed.). (1999). Perspectives on scholarly misconduct in the sciences. 
Columbus: The Ohio State University. 

Braxton, J. M. (1999). Toward a guiding framework for self-regulation in the community 
of the academic profession. In J. M. Braxton (Ed.), Perspectives on scholarly 
misconduct in the sciences (pp. 139-161). Columbus: Ohio State University Press. 

Braxton, J. M. & Bayer, A. E. (1999). Perceptions of research misconduct and an 
analysis of their correlates. In J. M. Braxton (Ed.), Perspectives on scholarly 
misconduct in the sciences (pp. 236-258). Columbus: Ohio State University Press. 

Braxton, J. M. & Hargens, L. L. (1996). Variation among academic disciplines: Analytical 
frameworks and research. In J. C. Smart, (Ed.), Higher Education: Handbook for 
Theory and Research (Vol. XI, pp. 1-46). New York: Agathon Press. 

Brint, S. (1994). In an age of experts: The changing role ofprofessionals in politics and 
public life. Princeton, NJ: Princeton University Press. 

Brooks, D. (2004, November 16). 'Moral suicide,' a la Wolfe. The New York Times. 
Retrieved November 28,2004 from 
http://www.nytimes.eom/2004/l 1/16/opinion/16brooks.html 

Brown, J. (1992). Theory or practice-What exactly is feminist pedagogy? JGE: The 
Journal of General Education '/i: 51-63. 

Burd, S. (2002, April 26)). Bush may bar foreign students from sensitive coxarses. The 
Chronicle of Higher Education 48. Retrieved May 5,2002 from 
http://chronicle.eom/weekly/v48/i33/33a02601.htm 

Butler, J. & Schmitz, B. (1992, January/February). Ethnic studies, women's studies, and 
multiculturalism. Change: 39-41. 



247 

Campbell, T. I. D. (1995). Protecting the public's trust: A search for balance among 
benefits and conflicts in university-industry relationships. (Doctoral dissertation. 
University of Arizona, 1995). Dissertation Abstracts International 56-05A, 1672. 

Campbell, T. I. D. & Slaughter, S. (1999). Understanding the potential for misconduct in 
university-industry relationships: An empirical view. In J. M. Braxton (Ed.), 
Perspectives on scholarly misconduct in the sciences (pp. 259-282). Columbus: Ohio 
State University Press. 

Cassidy, J. (2004, August 2). Winners and losers: The truth about free trade. The New 
Yorker pp. 26-30. 

Chodorow, N. (1978). Reproduction of mothering: Psychoanalysis of gender. Berkeley: 
University of California Press. 

Clark, S. M. & Corcoran, M. (1986, January/February). Perspectives on the 
professional socialization of women faculty: A case of accumulative disadvantage? 
Journal of Higher Education 57: 20-43. 

Cole, J. R. (1979). Fair science: Women in the scientific community. New York: The 
Free Press. 

Cole, J. R. & Florentine, R. (1991). Discrimination against women in science: The 
Confusion of outcome with process. In H. Zuckerman, J. R. Cole, & J. T. Bruer, 
(Eds.), The outer circle: Women in the scientific community (pp. 205-226). New York: 
W. W. Norton. 

Cole, J. R. & Singer, B. (1991). Atheoiy of limited differences: Explaining the 
productivity puzzle in science. In H. Zuckerman, J. R. Cole, & J. T. Bruer, (Eds.), 
The outer circle: Women in the scientific community (pp. 277-310). New York: W. W. 
Norton. 

Cole, J. R. & Zuckerman H. (1991). Marriage, motherhood, and research performance in 
science. In H. Zuckerman, J. R. Cole, & J. T. Bruer, (Eds.), The outer circle: Women 
in the scientific community (pp. 157-170). New York: W. W. Norton. 

Creamer, E.G. (1998). Equity and equality in measuring faculty productivity. Women 
in Higher Education 7: 7-8. 

Croissant, J. L. & Restivo, S. (2001). Building labs and building lives. In J. Croissant & 
S. Restivo (Eds.), Degrees of compromise: Industrial interests and academic values 
(pp. 139-162). Albany: State University of New York Press. 



248 

Dasgupta, P. & David, P. A. (1987). Information disclosure and the economics of science 
and technology. In G. Feiwel (Ed.), Arrow and the ascent of modern economic theory 
(pp. 519-542). London: Macmillan Press. 

Davidoff, F., et al. (2001, September 12). Sponsorship, authorship, and accountability. 
JAMA 286. Retrieved September 29,2001 from 
http://jama.amaassn.org/issues/v286nl0/tfull/jedl0056.html 

Deftos, L. J. (1999, October 22). Postdoc servitude in the academic-industrial alliance. 
Science 286: 681-82. 

DeQuine, J. (Thursday, 1996, July 11). Volatile mix of corporate cash and academic 
ideals. The Christian Science Monitor. Retrieved July 5,2004 from 
http://vvww.cptech.org/ip/csm.html 

DiMaggio P. and Powell. W. The iron cage revisited: institutional isomorphism and 
collective rationality in organizational fields. American Sociological Review 48: 147-
160. 

Epstein, C. F. (1991). Constraints on excellence: Structural and cultural barriers to the 
recognition and demonstration of achievement. In H. Zuckerman, J. R. Cole, & J. T. 
Bruer, (Eds.), The outer circle: Women in the scientific community (pp. 239-258). 
New York; W. W. Norton. 

Etzkowitz, H. (1989, February). Entrepreneurial science in the academy: A case of the 
transformation of norms. Social Problems 36:14-29. 

Etzkowitz, H., Kemelgor, C., Neuschatz, M., Uzzi, B., & Alonzo, J. (1994, October 7). 
The paradox of critical mass for women in science. Science 266: 51-54. 

Etzkowitz, H., Kemelgor, C., & Uzzi, B. (2000). Athena unbound: The advancement of 
women in science and technology. London: Cambridge University Press. 

Fairweather, J. S. (1989, July/August). Academic research and instruction: The industrial 
connection. Journal of Higher Education 60: 388-407. 

Feller, I. (1997). Technology transfer from universities. In J. C. Smart (Ed.), Higher 
education: Handbook of theory and research, (Vol. 12, pp. 1-42). New York: 
Agathon Press. 

Field, K. (2004, May 14). U.S. is said to produce too few scientists. The Chronicle of 
Higher Education 50. Retrieved May 28, 2004 from 
http://chronicle.eom/weekly/v50/i36/36a02803.htm 



249 

Fogg, P. (2004, July 29). Title IX requires U.S. agencies to ensure that grant recipients 
don't discriminate against women, report says. The Chronicle of Higher Education. 
Retrieved August 5,2004 from http://chronicle.eom/daily/2004/07/2004072902n.htm 

Fox, M. F. (1991). Gender, environmental milieu, and productivity in science. In H. 
Zuckerman, J. R. Cole, & J. T. Bruer, (Eds.), The outer circle: Women in the scientific 
community (pp. 188-204). New York: W. W. Norton. 

Fox, M. F. (1999). Gender, hierarchy, and science. In J. S. Chafetz (Ed.), Handbook of 
the sociology of gender (pp. 441-457). New York: Kluwer Academic/Plenum 
Publishers. 

Fox, M. F. (1999). Scientific misconduct and editorial and peer review processes. In J. 
M. Braxton (Ed.), Perspectives on scholarly misconduct in the sciences (pp. 162-173). 
Columbus: Ohio State University Press. 

Fox, M. F. & Braxton, J. M. (1999). Self-regulation and social control of scientific 
misconduct: roles, patterns, and constraints. In J. M. Braxton (Ed.), Perspectives on 
scholarly misconduct in the sciences (pp. 315-330). Columbus: Ohio State University 
Press. 

Francis, J. G. & Hampton, M. C. (1999, November/December). Resourceful responses: 
The adaptive research university and the drive to market. The Journal of Higher 
Education 70.'625-41. 

GiUigan, C. (1982). In a different voice: Psychological theory and women's development. 
Cambridge, MA: Harvard University Press, 1982. 

Glazer, S. (1997, January 10). Combating scientific misconduct. CQ Researcher 1: 3-23. 

Golde, C. M. & Dore, T. M. (2001). At cross purposes: What the experiences of today's 
doctoral students reveal about doctoral education. Pew Charitable Trust. Retrieved 
July 3, 2001 from http://www.phd-survey.org 

Gottlieb, D. (1961). Processes of socialization in American graduate schools. Social 
Forces 40:124-131. 

Government Accountability Office. (2004, July) Gender Issues: Women's participation 
in the sciences has increased, but agencies need to do more to ensure compliance with 
Title DC. [Highlights of GAO-04-639, a report to congressional requesters]. Retrieved 
September 14,2004 from htttp://www.geo.gov/cgi-bin/getrpt?GAO-04-639 



250 

Guston, D. H. (1993). Mentorship and the research training experience. In Responsible 
science: Ensuring the integrity of the research process (V ol. II, pp. 50-65) 
Washington, DC. 

Guterman, L. (2001, September 10). 12 medical journals issue joint policy on research 
supported by business. The Chronicle of Higher Education. Retrieved September 20, 
2001 from http://chronicle.eom/daily/2001/09/2001091001 n.htm 

Guterman, L. & Heller, S. (2000, March 3). New England Journal of Medicine admits 
overlooking 19 authors' conflicts of interest... The Chronicle of Higher Education. 
Retrieved March 15,2000 from http://chronicle.com 

Hackett, E. J. (1990, May/June). Science as a vocation in the 1990s: The changing 
organizational culture of academic science. Journal of Higher Education 61: 241-279. 

Hackett, E. J. (1999). A social control perspective on scientific misconduct. In J. M. 
Braxton (Ed.), Perspectives on scholarly misconduct in the sciences (pp. 99-115). 
Columbus: Ohio State University Press. 

Hackett, E. J., Croissant, J. L., & Schneider, B. (2001). Industry, academe, and the values 
of undergraduate engineers. In J. Croissant & S. Restivo (Eds), Degrees of 
compromise: Industrial interests and academic values (pp. 163-184). Albany: State 
University of New York Press. 

Harding, S. G. (1998). Is science multicultural? Postcolonialisms, feminisms, and 
epistemologies. Bloomington: Indiana University Press. 

Harris, R. [n.d.] The hero's journey: Life's great adventure. Retrieved August 15, 2004 
from http://\vww.yourheroicjoumey.com 

Harding, S. (1991). ^hose science? Whose knowledge? Thinking from women's lives. 
Ithaca, NY: Cornell University Press. 

Hebel, S. (2002, May 17). New reviews planned for visa applicants who want to study 
sensitive subjects. The Chronicle of Higher Education 48. Retrieved May 26, 2002 
from http//chronicle.com/weekly/v48/i36/36a03102.htm 

Higher education in science and engineering. (2000, July 26). In Science and Engineering 
Indicators 2000,Chapter 4. Washington, DC: National Science Foundation. Retrieved 
December 4,2000 from http://www.nsf.gov/search97cgi/vtopic 



251 

Hogan, A. J. & Croissant, J. L. (2004, January 28). A pilot project to develop a web-
based questionnaire to measure whether research misconduct is contagious. [Funded 
by the National Science Foimdation]. Copy of presentation at the University of 
Arizona, Tucson, AZ. 

Hubbard, R. (1983) Reflections on the story of the double helix. In L. Richardson & V. 
Taylor (Eds.), Feminist frontiers: Rethinking sex, gender, and society (pp. 136-246). 
New York: Random House. 

Interview with Andrea Dupree (1991). In H. Zuckerman, J. R. Cole, & J. T. Bruer, 
(Eds.), The outer circle: Women in the scientific community (pp. 94-126). New York: 
W. W. Norton. 

Interview with Salome Waelsch. (1991). In H. Zuckerman, J. R. Cole, & J. T. Bruer, 
(Eds.), The outer circle: Women in the scientific community (pp. 71-93). New York: 
W. W. Norton. 

Interview with Sandra Panem. (1991). In H. Zuckerman, J. R. Cole, & J. T. Bruer, 
(Eds.), The outer circle: Women in the scientific community (pp. 127-154). New York: 
W. W. Norton. 

Jacobson, J. (2003, November 7). Foreign-student enrollment stagnates: New security 
measures lead to declines among Muslim countries. The Chronicle of Higher 
Education 50. Retrieved November 15,2003 from 
http://chronicle.com/weekly/v50/il 1/1 laOOlOl .htm 

Johnson, D. (1999). From denial to action: Academic and scientific societies grapple 
with misconduct. In J. M. Braxton (Ed.), Perspectives on scholarly misconduct in the 
sciences (pp. 42-74). Columbus: Ohio State University Press. 

Johnson, V. (2003, April 11). The perils of homeland security: When we hinder foreign 
students and scholars, we endanger our national security. The Chronicle of Higher 
Education 49. Retrieved http://chronicle.com/weekly/v49/i31/31 b00701 .htm 

Keller, E. F. (1985). Reflections on Gender & Science. New Haven, CT: Yale University 
Press. 

Keller, E. F. (1988, Summer & Autumn). Feminist perspectives on science studies. 
Science, Technology, & Human Values 13: 235-249. 

Keller, E. F. (1991). The wo/man scientist: Issues of sex and gender in the pursuit of 
science. In H. Zuckerman, J. R. Cole, & J. T. Bruer, (Eds.), The outer circle: Women 
in the scientific community (pp. 227-236). New York: W. W. Norton. 



252 

Keller, E. F. (1995). Refiguring life: Metaphors of twentieth-century biology. New York; 
Columbia University Press. 

Knox, R. A. (2000, May 26) [Harvard] Medical School stands by conflict rules. Boston 
Globe, p. AOL 

Kramarae, C. & Treichler, P. A. (1990). Power relationships in the classroom. In S. L. 
Gabriel & I. Smithson (Eds.) Gender in the classroom: Power and pedagogy (pp. 41-
59). Urbana: University of Illinois Press. 

Kunhardt, E. E. (2004, December 14). Necessity as the mother of tenure? The New York 
Times. Retrieved December 15,2004 from 
http://www.nytimes.eom/2004/12/14/opinion/ 

LaFollette, M. C. (1999). A foundation of trust: Scientific misconduct, congressional 
oversight, and the regulatory response. In J. M. Braxton (Ed.), Perspectives on 
scholarly misconduct in the sciences (pp. 11-41). Columbus: Ohio State University 
Press. 

Lederman, M. (2004, May 14). Science is a social enterprise. The Chronicle of Higher 
Education. Retrieved May 21, 2004 from 
http://chronicle.eom/weekly/v50/i36/36b01601 .htm 

Lee, B. A. (1999). Legal aspects of scholarship misconduct. In J. M. Braxton (Ed.), 
Perspectives on scholarly misconduct in the sciences (pp. 189-212). Columbus: Ohio 
State University Press. 

Lee, F. R. (2003, September 6). The academic industrial complex. The New York Times. 
Retrieved September 7,2003 from 
http://www.nytimes.eom/2003/09/06/arts.06UNIV.html 

Lincoln, Y. (2000). When research is not enough: Community, care, and love. Review of 
Higher Education 23: 241-256. 

Lincoln, Y. S. (1989). Trouble in the land: The paradigm revolution in the academic 
disciplines. In J. C. Smart (ed.). Higher education: Handbook of theory and research 
(Vol. V, pp. 57-133). New York: Agathon Press. 

Lodahl, J. B. & Gordon, G. (1972, February). The structure of scientific fields and the 
functioning of university graduate departments. American Sociological Review 37: Si
ll. 



253 

Louis, K. S., Anderson, M. S., & Rosenberg, L. (1995, Summer). Academic misconduct 
and values; The department's influence. The Review of Higher Education 18: 393-422. 

Maher, F. A. & Tetreault, M. K. (1996). Women's Ways of Knowing in Women's 
studies, feminist pedagogies, and feminist theory. In N. R. Goldberger, et al. (Eds.), 
Knowledge, difference and power (pp. 148-174). New York: Basic Books. 

Maher, F. A. & Tetreault, M. K. T. (1994). The feminist classroom. New York: Basic 
Books. 

Mangan, K. S. (1999, June 4). Medical professors see threat in corporate influence on 
research. The Chronicle of Higher Education. Retrieved July 8, 2000 from 
http://chronicle.com, 

Mangan, K. S. (2000, March 3) Female professors said to lag at medical schools. The 
Chronicle of Higher Education. Retrieved June 2, 2000 from http://chronicle.com 
[Study available at http://www.nejm.org/content/2000/0342/0006/0399.asp] 

Mangan, K. S. (2000, May 26). Harvard Medical School opts not to ease its conflict-of-
interest policies. The Chronicle of Higher Education. Retrieved July 2,2000 from 
http://chronicle.eom/daily/2000/05/200052604n.htm 

Martin, E. (1998, Winter). Anthropology and the cultural study of science. Science, 
Technology & Human Values 23: 24-44. 

Mathias-Riegel, B. (2004, Summer). A chair in your ftiture. Prism Magazine 13 
Retrieved August 5,2004 from http://www.asee/org/prismmav04/teachingtoolbox.cfin 

McGee, G. (1996, August 2). Young scientists need to feel a personal stake in ethics. 
The Chronicle of Higher Education. Retrieved June 5,2002 from http://chronicle.com 
Opinion section, B3. 

McMiartrie, B. (November 16,2001). American colleges experience a surge in 
enrolhnents of students from India. The Chronicle of Higher Education 48. Retrieved 
November 23,2001 from http://chronicle.eom/weekly/v48/i 12/12a04801 .htm 

Meier, B. (2004, November 29.). Contracts keep drug research out of reach. The New 
York Times. Retrieved November 30, 2004 from 
http://www.nvtimes.com/2004/ll/29/business/29research.html 

http://chronicle.com
http://www.nejm.org/content/2000/0342/0006/0399.asp


254 

Merton, R. (1973). The normative structure of science [1942] InN. W. Storer (Ed.), The 
sociology of science: Theoretical and empirical investigations. (Chap. 13, pp. 267-
278). Chicago: The University of Chicago Press. [Originally published as Science 
and technology in a democratic order. (1942). Journal of Legal and Political 
Sociology 7:115-126]. 

Mitroff, I. (1974, August). Norms and counter-norms in a select group of the Apollo 
moon scientists: A case study of the ambivalence of scientists. American Sociological 
Review iP:579-595. 

Monaghan, P. (1999, June 18). Student engineers take to the law: Course at U. of 
Washington covers patents, trademarks, and copyright. The Chronicle of Higher 
Education. Retrieved June 5,2002 at http://chronicle.com Section: Information 
Technology, page A27. 

Mulkay, M. (1980). Interpretation and the use of rules: The case of the norms of science. 
Transactions New York Academy of Sciences, series 239: 111-125. 

National Science Foundation. (1999). Women, minorities, and persons with disabilities in 
science and engineering: 1998. Arlington, VA. (NSF 99-338). Retrieved July 15, 
2000 from http://www.nsf.gov/sbe.svs/nsf99338/htmpd£^tm 

National Science Foundation, Division of Science Resources Statistics. (2000, June 19). 
Science and engineering indicators-2000. Arlington, VA. Retrieved August 5, 2002 
from http://www.nsf.gov/ sbe/srs/seindOO/c 1 /c 1 h.htm 

National Science Foundation, Division of Science Resources Statistics. (2002, April). 
Science and engineering indicators-2002. Arlington, VA (NSB 02-01). Retrieved 
August 5, 2002 from http://www.nsf.gov/sbe.srs/seindQ2/c0/c0sl.htm 

National Science Foundation, Division of Science Resources Statistics. (2004, May). 
Science and engineering indicators-2004. Arlington, VA (NSB 04-01). Retrieved 
October 5,2004 from http://www.nsf gov/sbe/srs/seind04/c0/c0s 1 .htm 

Nelkin, D., Nelson, R., & Kieman, C. (1987, Winter). Commentary: University-
Industry Alliances. Science, Technology & Human Values 12: 65-74. 

Nerad, M., June, R., & Miller, D. S. (Eds.). (1997). Graduate education in the United 
States. New York: Garland Publishing, Inc. 

Noble, D. F. (1977). America by design: Science, technology, and the rise of corporate 
capitalism. London: Oxford University Press. 



255 

Noble, D. F. (1992). A world without women: The Christian clerical culture of Western 
science. New York: Alfred A. Knopf. 

North, D. S. (1995). Soothing the establishment: The impact of foreign-born scientists 
and engineers on America. Lanham, MD: University Press of America. 

Nye, J. S. (2004, November 29). You can't get here from there. The New York Times. 
Retrieved November 30, 2004 from 
http://www.nytimes.eom/2004/ll/29/opinion/29/nye.html 

Olsen, G. (2003, January 15). What is scientific misconduct? Retrieved August 15,2003 
from http://www.life.uiuc.edu/micro/ethics/misconduct-defin.httnl 

On being a scientist: Responsible conduct in research, 3rd ed. (1995). Washington, DC: 
National Academy Press. 

Pascarella, E. T., Smart, J. D., Ethington, C. A., & Nettles, M. T. (1987, Spring). The 
influence of college on self-concept: A consideration of race and gender differences. 
American Educational Research Journal 24:49-77. 

Pavalko, R. M. & Holley, J. W. (1974). Determinants of a professional self-concept 
among graduate students. Social Science Quarterly 55:462-477. 

Pease, J. (1967, Winter). Faculty influence and professional participation of doctoral 
students. Sociological Inquiry 37: 63-70. 

Perreault, G. (1993). Contemporary feminist perspectives on women and higher 
education. In J.S. Glazer, et al. (Eds). Women in higher education: A feminist 
perspective. (ASHE Reader Series, pp. 3-22). Needham Heights, MA: Girm Press. 

Press, E. & Washbum, J. (2000, March). The kept university. The Atlantic Monthly, pp. 
30-54 

Pressing legal issues: 10 views of the next five years. (2004, June 25). The Chronicle of 
Higher Education. Retrieved July 3, 2004 from 
http://chronicle.eom/weekly/v50/i42/42b00401.htm 

Quest for profits may damage basic values of imiversities. (1991, April 24). The 
Chronicle of Higher Education. Retrieved July 2,1994 from 
http;//www.chronicle.com 

Rayman, P. & Brett, B. (1995, July/August). Women science majors: What makes a 
difference in persistence after graduation? Journal of Higher Education 66: 388-414. 



256 

Reskin, B. F. (1979, July). Academic sponsorship and scientists' careers. Sociology of 
Education 52: 129-146. 

Responsible Science: Ensuring the Integrity of the Research Process. (Vol. 1). (1992). 
Washington, DC: National Academy Press. 

Rhoades, G. (1998). Managed professionals: Unionized faculty and restructuring 
academic labor. Albany, NY: State University of New York Press. 

Rhoades, G. & Slaughter, S. (1991, April). Professors, administrators, and patents: The 
negotiation of technology transfer. Sociology of Education 64: 65-77. 

Rhoades, G. & Slaughter, S. (1991). The public interest and professional labor: Research 
universities. In W. G. Tiemey (Ed.), Culture and ideology in higher education: 
Advancing a critical agenda {pp. 187-211). New York: Praeger. 

Rogers, E. M., Hall, B. J., Hashimoto, M., et al. (1999, November/December). 
Technology transfer from university-based research centers: The University of New 
Mexico experience. The Journal of Higher Education 70: 687-705. 

Rooney, M. (2003, January 31). More effort urged on foreign students. The Chronicle 
of Higher Education 49. Retrieved February 2,2003 from 
http://chronicle.com/weekly.v49/i21/21 a04201 .htm 

Rossiter, M. W. (1982). Women scientists in America: Struggles and strategies to 1940. 
Baltimore, MD: Johns Hopkins University Press. 

Rossiter, M. W. (1993). The Matilda Effect in science. Social Studies of Science 23: 325-
341. 

Rossiter, M. W. (1995). Women scientists in America: Before affirmative action 1940-
1972. Baltimore, MD: The Johns Hopkins University Press. 

Rubin, A. M. (1995, July 14). Foreign influx in science hurts Americans' recruitment. 
The Chronicle of Higher Education. Retrieved August 5,1997 from 
http://chronicle.com/search97cgi/s97_cgi.sc&ViewTemplate=ArchiveView 

Rubin, G. (1975). Traffic in women: Notes on the political economy of sex. In R. R. 
Reiter (Ed.), Toward an anthropology of women (pp. 157-201). New York: Monthly 
Review Press. 



257 

Schroeder, D. S. & Mynatt, C. R. (1993, September/October). Female graduate students' 
perceptions of their interactions with male and female major professors. Journal of 
Higher Education 64: 555-573. 

Schultz, J. (1996). Interactions between universities and industry. In F. B. Rudolph & L. 
V. Mclntire (Eds.), Biotechnology: Science, engineering, and ethical challenges for the 
21st century (pp. 131-146). Washington, DC: Joseph Henry Press. 

Shafir, S. & Kennedy, D. (1998, June 22). Research misconduct: Media exaggerate 
results of a survey. The Scientist 12. Retrieved August 13, 2004 from 
http://www.the-scientist.com/yrl998/june/opin_980622.html. 

Skolnikoff, E. B. (2002, May 10). Protecting vmiversity research amid national-security 
fears. The Chronicle of Higher Education 48. Retrieved May 21, 2002 from 
http://chronicle.com/weekly/v48/i35/35b01001 .htm 

Slaughter, S. (1990). Policy issues past and present. In The higher learning and high 
technology: Dynamics of higher education policy formation (pp. 27-59). Albany, NY: 
State University of New York Press. 

Slaughter, S. (1993, Summer). Beyond basic science: Research university presidents' 
narratives of science policy. Science, Technology & Human Values 18: 278-302. 

Slaughter, S., Campbell T., Holleman, M., & Morgan, E. (2002, Spring). The "traffic" in 
graduate students: Graduate students as tokens of exchange between academe and 
Industry. Science,Technology & Human Values 27•. 282-313. 

Slaughter, S. & LesHe, L. (1997). Academic capitalism: Politics, policies, and the 
entrepreneurial university. Baltimore: The Johns Hopkins University Press. 

Slaughter, S. & Rhoades, G. (1990). Renorming the social relations of academic science: 
Technology transfer. Educational Policy 4: 341-361. 

Slaughter, S. & Rhoades, G. (1993). Changes in intellectual property statutes and 
policies at a public university: Revising the terms of professional labor. Higher 
Education 26: 287-312. 

Slaughter, S. & Rhoades, G. (1996, Siraimer) The emergence of a competitiveness 
research and development policy coalition and the commercialization of academic 
science and technology. Science, technology, and human values 21: 303-339. 

http://www.the-scientist.com/yrl998/june/opin_980622.html


258 

Slaughter, S. & Rhoades, G. (2004). Academic capitalism and the new economy: 
Markets, state, and higher education. Baltimore, MD: Johns Hopkins University 
Press. 

Smallwood, S. (2001, January 26). Survey points to mismatch in doctoral programs: 
Ph.D. students aren't trained for the jobs that are available. The Chronicle of Higher 
Education 47. Retrieved February 15, 2001 from 
http://chronicle.eom/weekly/v47/i20/20a01401 .htm 

Smallwood, S. (2004, January 16). Doctor dropout: High attrition from Ph.D. programs 
suckmg away time, talent, and money and breaking some hearts, too. The Chronicle 
of Higher Education 50. Retrieved January 17, 2004 from 
http://chronicle.eom/weekly/v50/i 19/19a01001 .htm 

Smart, J. C., Feldman, K. A., & Ethington, C. A. (2000). Academic disciplines: 
Holland's theory and the study of college students andfaculty. Nashville, TN: 
Vanderbilt University Press. 

Smith-Doerr, L. (1999). Career paths in the life sciences: Processes and outcomes of 
organizational change. (Doctoral dissertation. University of Arizona, 1999). 
Dissertation Abstracts International, 60-04A, 1350. 

Smith-Doerr, L., Owen-Smith, J., Koput, K. W., & Powell, W. W. (1999). Networks 
and knowledge production: Collaboration and patenting in biotechnology. In R. 
Leenders & S. M. Gabbay (Eds.), Corporate social capital and liability (pp. 390-
408). Boston: Kluwer Academic Publishers. 

Smithson, I. (1990). Introduction: Investigating gender, power, and pedagogy. InS. L. 
Gabriel & I. Smithson, (Eds.). Gender in the classroom: Power and pedagogy (pp. 
2-27). Urbana: University of Illinois Press. 

Sonnert, G. (1995, Winter). Gender equity in science: Still an elusive goal. Issues in 
Science and Technology 12:53-59. 

Southwick, R. (2002, May 1). Fewer foreign students, more women earn science and 
engineering doctorates in U.S., report finds. The Chronicle of Higher Education. 
Retrieved June 4,2002 from http://chronicle.eom/daily/2002/05/2002050103n.htm 

Steneck, N. H. (1999). Research universities and scientific misconduct: History, policies, 
and the future. In J. M. Braxton (Ed.), Perspectives on scholarly misconduct in the 
sciences (pp. 175-198). Columbus: Ohio State University Press. 



259 

Stewart, E. C. & Bennett, M. J. (1991). American cultural patterns: A cross-cultural 
perspective. Rev. Ed. Yarmouth, ME: Intercultural Press. 

Strauss, A. & Corbin J. (1998). Basics of qualitative research: Techniques and 
procedures for developing grounded theory (2nd ed). Thousand Oaks, CA: Sage. 

Subotnik, R. F. & Arnold, K. D. (1995, September). Passing through the gates: Career 
establishment of talented women scientists. Roeper Review 18: 55- 61. 

Subramaniam, B. (1997). Feminism and science: Constructing new relationships. 
Sojourner 22: 5. 

Subramaniam, B. (1998). A contradiction in terms. Women's Review of Books 15: 25-26. 

Subramaniam, B. & Wyer, M. (1998). Assimilating the "culture of no culture" in science-
feminist intervention in (de)mentoring graduate women. Feminist Teacher 12: 12-28. 

Swazey, J. P., Louis, K. S., & Anderson, M. S. (1994, March 9) The ethical training of 
graduate students. The Chronicle of Higher Education. Retrieved June 7,1999 from 
http://chronicle.com 

Thom, M. (2001). Balancing the equation: Where are the women and girls in science, 
engineering and technology"! [Executive summary and highlights]. New York: 
National Council for Research on Women. Retrieved June 21,2002 from 
http://www.ncrw.org/research/sciexec.htm 

Tiemey, W. G. (1997, January/February). Organizational socialization in higher 
education. Journal of Higher Education 68: 1-16. 

Tiemey, W. G. & Bensimon, E. M. (1996). Promotion and tenure: Community and 
socialization in academe. Buffalo, NY: State University of New York Press. 

Tiemey, W. G. «& Rhoads, R. A. (1994). Faculty socialization as a cultural process: A 
mirror of institutional commitment ASHE-ERIC Higher Education Report No. 93-6. 
Washington, DC: The George Washington University School of Education & Human 
Development. 

Toren, N. (1993). The temporal dimension of gender inequality in academia. Higher 
Education 25: 439-455. 

Traweek, S. (1988) Beamtimes and lifetimes: The world of high energy physicists. 
Cambridge, MA: Harvard University Press. 



260 

Trompenaars, F. & Hampden-Tumer, C. (1998). Riding the waves of culture: 
Understanding cultural diversity in global business. 2nd ed. New York: McGrraw-
Hill. 

Turner, S. (1999). Universities and the regulation of scientific morals. In J. M. Braxton 
(Ed.), Perspectives on scholarly misconduct in the sciences (pp. 116-138). Columbus: 
Ohio State University Press. 

U.C.L.A. ACCESS: Programs in the molecular, cellular and integrative life sciences. 
Retrieved August 25,2004 from http://www.uclaaccess.ucla.edu 

Van Maanen, J. & Schein, E. H. (1979). Toward a theory of organizational socialization. 
In B. Staw (Ed.), Research in organization behavior (Vol. 1, pp. 209-264). 
Greenwich, CT: JAI Press. 

Varma, R. (2002). High-tech coolies: Asian immigrants in the U.S. science and 
engineering workforce. Research done on National Science Foundation grant SES 
0136467. (Available fi-om author at School of Public Administration, University of 
New Mexico, Albuquerque, NM 87131-1216). 

Varma, R. (1999). NSF Project Summary: Immigrants and science in the United States: 
A proposal to science & technology studies. (Available from author at School of 
Public Administration, University of New Mexico, Albuquerque, NM 87131-1216). 

Victor, B. & Cullen, J. B. (1988). The organizational bases of ethical work climates. 
Administrative Science Quarterly 33: 101-125 

Walfish, D. (2001, January 5). Chinese applicants to U.S. universities often resort to 
shortcuts or dishonesty: Students can buy essays, stand-ins for exams, and improper 
access to standardized tests. The Chronicle of Higher Education 47. Retrieved May 
24,2002 from http://chronicle.eom/weeklv/v47/il7/17a05201.htm 

Walfish, D. (2001, January 26). Intimate program tries to break barriers between 
Chinese and American students. The Chronicle of Higher Education 47. Retrieved 
May 24,2002 from http://chronicle.eom/weekly/v47/i20/20a05201.htm 

Watson, J. D. (1968). Double helix: A personal account of the discovery of the structure 
ofDNA. New York: Atheneum. 

Weidman, J. C. (1989). Undergraduate socialization: A conceptual approach. In J.C. 
Smart (Ed.), Higher education: Handbook of theory and research (Vol. 4, pp. 
289-322). New York: Agathon Press. 



261 

Weidman, J. C., Twale, D. J., & Stein, E. L. (2001). Socialization of graduate and 
professional students in higher education: A perilous passage? San Francisco, CA: 
Jossey-Bass (ASHE-ERIC Higher Education Report Volume 28, no. 3, Adrianna J. 
Kezar, Series editor). 

Weil, V. (2003, February 20). Barking up the wrong tree? Industry funding of academic 
research. The Online Ethics Center for Engineering and Science at Case Western 
Reserve University. Retrieved June 11,2003 from 
http://onlineethics.org/reseth/appe/vol2/wrongtree.html 

Weiss, C. S. (1981). The development of professional role commitment among graduate 
students. Human Relations 34: 13-31. 

Willman, D. (2004, December 22). The nationzil institutes of health: Public servant or 
private marketer? The Los Angeles Times, Section A The Nation. 

Wilson, R. (1999, May 14) A university uses quotas to limit and diversify its foreign 
enrollments. The Chronicle of Higher Education. Retrieved June 4, 2002 from 
http://chronicle.com 

Wink, J. (1997). Critical pedagogy: Notes from the real world. New York: Longman. 

Witz, A. {\992). Professions and patriarchy. London: Routledge. 

Women in science '93 [issue theme]. (1993, April 16). Science 260: 384-430. 

Zuckerman, H. (1991). The careers of men and women scientists: A review of current 
research. In H. Zuckerman, J. R. Cole, & J. T. Bruer, (Eds.), The outer circle: Women 
in the scientific community (pp. 27-56). New York: W. W. Norton. 

Zuckerman, H., Cole, J. R. & Bruer, J. T. (Eds.). (1991). The outer circle: Women in the 
scientific community. New York: W. W. Norton. 


