Yámana Science and Technology – Changing the Landscape of Science
Doing basic research in the United States is an exciting and often very rewarding career path.  We consider ourselves to be world leaders in science and innovation, and whole areas of inquiry are in a fervor of discovery.

However, other indicators show we are likewise at the edge of dramatic, unintended changes as we carry out our scientific research agenda under an outmoded model. Yet in spite of the disquieting warning signs, no one in the system feels empowered to facilitate the global structural changes needed to stem down-ward trends.

Some of the indicators are statistical.  Some are anecdotal, but are shared here-in to give insight into the tone and tenor of the basic research science ‘world’ in the United States (and even abroad).  Well-recognized, globally experienced and accepted constructs are felt from within the community, yet are difficult to put metrics around, and are often invisible to the outside world.  

I assert that the underlying outcome is a highly competitive scientific market-place that has gone past the point of friendly competition to a highly stressed, highly overworked basic researcher population that produces far less in creative ideas, collaborative successes, and interaction with society than is possible.  The desire for a more balanced lifestyle combined with uncertain job opportunities, inflexible work policies, inconsistent funding, and low compensation has created a situation in which the best young minds are entering or remaining in science careers in far fewer numbers.
The Costs-  Compensation.   According to Richard Freeman, of Harvard University, “We have lots and lots of very bright people who could go into science and engineering who don't.   They're not studying science because they look and say, 'Do I want to be a postdoc paid $35,000 or $40,000 at age 35, with extreme uncertainty working in somebody else's lab, and maybe getting credit for my work and maybe not getting full credit? Or would I rather be an M.B.A. and making $150,000 and hiring Ph.D.'s?'” (Richard Monastersky, 2004).
PhD students spend the majority of their graduate student career conducting original research funded by grants – killing two birds with one stone, as it were.  This practice has been a main-stay of American research for decades - graduate students and post-doctoral fellows have become the de facto work-force for the majority of publicly-funded basic research in the United States.  
The standard pay rate for graduate students (based on March 2009 NIH institutional training grant standards) is $20,976 per year, and the average amount of time spent at that stipend level is 5 to 7 years.  After obtaining a PhD degree, a scientist can expect their pay to jump to $35 to $40K for an academic post-doctoral fellowship (again, based on NIH-set standards).  This phase of training typically spans 5 yrs and is a virtual pre-requisite for becoming a faculty member.  
During this training period women scientists find the bulk of their pay is spent on child-care (if they choose to have children prior to becoming full faculty members, at age 42 or so).  The cost of child-care for more than one child often exceeds their income, necessitating hard choices in pursuing their chosen career. 
This depressed living wage during the extensive training period for those pursuing careers in basic research is a major player in many facets of a scientist’s life.

.

A balanced lifestyle.  Interesting statistics show up around gender and having babies.  Though one could argue this is strictly a ‘women’s issue,’ the family formation statistics are depressed for both men and women in academia in general, and in science in particular – indicating something is going on in terms of providing sustainable, balanced life-styles.  The lifestyles unique to the basic scientist are illustrated by numerous reports.

Choosing to have a family can have negative affects on your career as well.  For instance, female PhDs with children are 35 percent less likely then male PhDs to enter a tenure track position, and 27 percent less likely to achieve tenure (Mason, Goulden and Frasch Nov 2009).  
Comparisons have been made between faculty positions and another high-demand career – physicians – to monitor whether academic positions have measurable effects on the perceived ability to balance family and career.  Male faculty members are 21% less likely than male physicians to have recently had a birth in their households and female academics are 41%  less likely than physicians to have recently had children (S. Jaschik, ‘Inside Higher Ed’ 5/23/2008). America is not alone in this:  a 2006 study in Germany found that 78% of female graduate students, researchers and junior faculty at one of their major research Universities were child-less; the majority of which were in the 37-42 year old range (considered by many to be the tail end of child-bearing years).
Perhaps accordingly, data from the National Science Foundation show that female doctoral-level scientists and engineers are less likely to be married than are their male counterparts (only 66% of female graduate students are married, versus 83% of men at this stage in their career).
People that are not in the world of academic science (which is also the source of biotechnology and pharmaceutical researchers) are generally not aware of this off-balance life-style.  

Why does this matter?  The answer comes from the corporate sector.  A new trend in the corporate sector has been to diversify thinking styles, background and personality types of workers to produce better bottom-line business outcomes (from “Powering Innovation through Diversity” (Nov 2007) Haas School of Business).  Turnover costs should be considered as well.  The cost of high turnover for highly qualified, highly trained professionals is increasingly recognized as a major factor in bottom-line outcomes for major corporations.  Ernst and Young has reported disproportionately high turnover rates for top-level, top-producing female employees – because this costs them an average of 150% of those employees’ salaries to hire replacements, they see this as a major area for affecting positive changes in their employment practices.  They further estimate the cost to be $10 million a year spent on recruitment to replace employees who might have stayed (Rosella Derickson and Krista Henley, 2008).  
The Costs-  Funding Losses, Funding Booms.  The turn-over cost in basic research is extremely difficult to monitor.  Only recently, financial costs of lack of tenure attainment has begun to be measured by various Universities, and is substantial (Iowa ADVANCE conference, 2008).  Measurement of the research projects and particular expertise lost to the industry is completely missing from the financial picture.

The granting systems in place are extremely vulnerable to cycles of boom, expansion, and bust – when NIH gets substantial congressional increases in research monies in a given year (seemingly a very good trend), the number of graduate students accepted into University research departments also increase in a positive feed-back loop (because graduate and postdoctoral research assistants do much of the funded work, and departments often increase their acceptance rates to fill the need).  Increased research funding therefore also produces additional Ph.D.-level scientists looking for jobs down the road – an attribute not considered by the community itself (Michael Teitelbaum, 2008).   No assessment is made by the community for job placement after training, and America is currently training three times as many STEM researchers as it has positions for.
This, combined with the trend of top students leaving the sciences, should be cause for concern.  

Complexity Models.  ‘Fixing’ the scientific research enterprise by individual support systems misses the larger opportunity of the times.  

Many of us are drawn to the picture of the lone scientist working late hours alone for that ‘Eureka!’ moment.  We are, however, in times of great change regarding social and work structures.  What is loosely called ‘industry’ – pharmaceutical companies, engineering firms, large research centers, biotechnology companies – has been calling for academia to train its scientists in ‘business sense,’ in the ability to work well in groups, in the sharing of resources, and in adaptability.  
Ron Hansen, of the international engineering firm Sauer-Danforth, presented at an academic conference I attended just over a year ago.  This gentleman had just left a company retreat in which the bottom was dropping out due to the economic crisis that was just beginning to hit (Oct 2008).  The magnitude of the crisis caused him to ditch his planned presentation and make a plaintive request of the highly credentialed faculty audience.  His plea was to train engineers differently –  asking the audience to broaden the training of young engineers to include more collaborative abilities, and more leadership and business skills combined with gentler, rather than more aggressive, attributes.  However, the academic world still rests on the ability to succeed individually, to compete strongly, and to make oneself known as an individual ‘name brand.’
The issues that face our society at this time – understanding of environmental systems, complex disease state, the cosmic and nano-worlds of physics, alternative energy sources, agriculture etc – are not solvable by individual entities competing for their own ‘aha!’ moments.  The rush for first publication rights also takes its toll.  To quote from Debra Rolinson, Naval Research Laboratory: “If you want to get tenure, you have to come out of the gate fast. And a lot of scientific issues are deeper and broader than what can be generated with fast productivity.” 
Where we go from here.  We do not have the de facto solutions –to be effective, we feel that the best solutions must be co-created from within the affected group.  We want to provide the tools.  However, we do have concrete plans on where to start the inquiry:
1) Speak openly about the issues, bring in groups from other sectors (business, finance, high-tech) that have had similar issues and have actively explored new models to organize the workplace.  This will be done through hosting one or more conferences that break new ground by opening up the scientific community to outside influences.

2) Bring leadership and collaborative training to the younger generations of scientists.
3) Learn from the several resources, movements and trends from other sectors that hold promise for the scientific community.  One of these is the ‘Scrum’ movement within agile software development.  This is a passionate community of creative, ‘early-adopters’ in a highly technical sector.  They have developed and utilized new organization and interactive approaches based on scientific theories of self-organizing systems and dynamic feedback   Successful silicon valley companies have been putting top executives into coaching programs for years (Peter Stonefield, Stonefield Learning Group, personal communication).   Engineering firms are asking academia to broaden the training of young engineers to include more collaborative abilities, and more leadership and business skills – something academia should take note of.

4) Take a long, hard look at the assumptions that go into the current career trajectory, and assess the costs of the ‘extreme career’ models (Sylvia Ann Hewlett, 2007), especially in light of loss of creativity.
5) Reintegrate the scientific community into the larger community.  Attempts for this are already on the rise from society itself.  Create time enough for scientists to be part of the larger community, without negative affects on their careers.
Though the path seems difficult enough that many have turned away and resignation is the rule of the day, the potential for playing at a whole new level is tremendous, and calls us powerfully forward in this endeavor.
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