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ABSTRACT

This paper discusses the response to the lack of solid informational foundations on which students can make important decisions: what college majors and career paths to pursue. Shortfalls are described in STEM professionals needed to support DoD objectives for the defense of the nation. The major issues are lack of exposure to practicing professionals, reliance on fictional portrayals of professions, and assumptions most professionals make that everyone knows what their daily activities are. The authors report on their recent project prototyping a computer agent for mentoring students about STEM careers. It was observed that high school seniors not only lacked detailed knowledge of the STEM professions, there was an almost total lack of comprehension of major parameters that defined defining fulfilling careers. The adolescents were focused on theatrical stereotypes of the professions and on dreams of a fanciful work experience. The paper then outlines the work on the virtual mentor and explains the dichotomy between the data conveyed and the impact on the students. Next, a program is outlined to ameliorate the missing reasoned framework and to fill the gap between the questions they should have asked and what they really asked. The emerging technologies enabling such an effort are identified. Other researchers' efforts and findings and the local team's insights are adduced to support the paper's thesis that this effort is vital for both this issue and extensible for other projects using the computer/human interfaces. The choices of appropriate metrics are considered and analyzed.
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INTRODUCTION 

The thrust of this paper is the emerging capabilities of computers to augment humans in the areas of therapy and counseling may be effective in countering the often negative way in which STEM students are perceived by their peers and by themselves. Current efforts to achieve this result are identified and evaluated.  The need for such study and the future impacts of not meeting that need are considered. A brief review of the emerging technologies that may provide a way forward is given, but the authors do not favor or support any of these.  The position taken is that several approaches may have unique niches in which they would be useful. A range of technologies, methodologies and metrics are surveyed and their potentials are listed.  Potential impacts are discussed and metrics for measuring them are detailed and considered.  The hurdles and potential pit-falls are also laid out. Time frames and competing demands on resources are recognized. The theses are there is a problem which is the projected shortfall in capable STEM professionals, some causes are observed, and that emerging technologies may ameliorate the impact of those negative forces.

The paper begins with the background of the issues of STEM student procurement and the difficulties that arise in that process. This delineation features both statistical data and personal anecdotal experiences.  A few external factors that may play heavily in this evolution are suggested.  A brief introduction into some of the technologies that may be effective are outlined.  Then the paper turns to an analysis of the "stakeholders" in the issues identified. The the potential implementations will be presented in enough detail to allow the reader to analyze their own situations with an eye toward the use of the technologies and techniques advanced or to start their own initiative to use capabilities of which they are aware to better meet the challenges presented.  Included is a treatment of the benefits of a multi-disciplinary approach to all of these issues. A section is then given over to metrics. This is followed by an over-arching consideration of the problems and emerging technologies potentials in resolving them. Conclusions are recorded to close out the paper.

BACKGROUND (2⅓ Pages)

It is often good advice to consider the past when looking at current problems.  For approximately 250,000 years humans have existed as Homo Sapiens on the planet. During the first 235,000 years, career choice was not a Darwinian selector.  Successful societies had structures in which men took the arduous and dangerous jobs of hunting and defending the group; women focused on child bearing, rearing and gathering of food stuffs. Societies that reversed those goals did not persist, as the loss of females constrained the birth rate, while the loss of males did not. Around 15,000 years ago, humans began to organize, grow grains, and build settlements.  That led to some specialties, but still the vast majority of men were hunters or farmers and the vast majority of women were child care workers and "domestic engineers." The industrialization of the civilized world began perhaps three millennia ago.  But the trend became almost invariable; a person followed the career of their parent of your gender, with men largely farming and women bearing and raising children.  It was really only about 200 years ago that such traditions began to lose their grip on a person future. Since that time there has become a gradual move away for family channeled career choice, for both genders.  

That means that for about a million and a quarter generations, people lived their lives immersed in the same endeavors as the parent of their own gender.  They learned those skills by assisting the parent and observing their mastery of the parents' duties.  The men may have had some periods of peace punctuated by warfare, and for the last several millennia, standing armies employed some on a full-time basis.  After the fall of Rome, some more advanced traditions began to emerge: in Europe the oldest son of a noble family was expected to manage, then inherit, the family estate, the second son would join the church, and the later sons would seek fame and fortune in the military. Daughters would be married off in the way that best impacted the family as a whole.  Romantic marriage was unknown.  In each of these cases, career choice was non-existent and social mobility was extremely limited, but is recorded in cases of military achievements.

In the Western World, most of these directing institutions fell away as the 19th century progressed.  The World Wars of the first half of the 20th Century accelerated this process for both genders. Farmers' sons were pulled from their homes and became ship builders and pilots; mid-western daughters abandoned their kitchens and became airplane assemblers and cryptologists. Both travelled to the literal "ends of the earth." The ratchet of societal change tends to resist the members from going back to the way things were.  The accelerating technical foundation of the economy produced a range of career choices that would have left people of a century before completely awestruck and dumbfounded. Concomitantly, the exacting nature of the work and the need for specialized equipment and locations meant that children were not exposed to the work their parents did outside of the home.  

All of these factors led to the western societies producing young adults who had very little notion of what their parents did or what other choices there were in career paths.  An informal poll was conducted among the High School students in La Ca California, which is adjacent to Caltech's Jet Propulsion Laboratory.  The students were asked: "What do your parent do when they are at work?". Not one of the student queried could cogently report on what either their Father or their Mother did at work, only being able to give their job title.  About half could not even describe the work place environment in which their parents spent 2,000 hours every year.  Some had participated in "Bring your child to work days.", but had only memories of non-germane activities, e.g. "I got to make a Xerox copy of my face.".  However, when queried as to professions, all had very certain impressions of which were attractive and which were to be avoided.  That begs the question: "Where do they get these impressions?".

Without seeking funding to do a more reliable and reportable study on what shapes the students' zeitgeist, a few anecdotal observations can be offered. When probed s to their impressions, many of the high school students made references to dramatic characters, mostly those appearing in TV shows, but a few emerging from the film repertoire. This blending of fiction with reality was further confirmed when the discussion turned to the opportunities of practicing physicians to do creative medicine and organize innovating research.  One student said that dramatic and innovative medicine was common, noting "Look at the doctor on 'House'.".  Another told one of the authors, who worked at Caltech for a decade, that no student wanted to be like the characters on "The Big Bang Theory." Think of the issues that causes when the major source of information is the dramatic arts.

The nature of those misconceptions is not a trivial matter.  Were they fairly distributed, that might not have such a bad effect, but they are driven by a number of forces that make them destructively misleading.  Some of these forces are guided by the requirements of the media, e.g. action must be exciting and dangerous.  This leads to many commonly held misconceptions: 
	Fiction-base concepts
	Quantified Data Reality

	Soldiers spend all their time shooting people
	Only 25% of US soldiers are in combat arms units and only half actually can fire weapons, fewer still, actually do so

	Lawyers spend all their time in court
	The average for all lawyers is in court about 10% of the time, but the range varies greatly; many never go to court

	Police are often engaged in gun fights
	Policeman have about one chance in 8,000 of firing their weapon in any given week; 75% never fire their weapon in their career

	Intelligent people have poor social skills
	A study found that social skills, evaluated by others, showed a strong positive correlation to IQ; anomalies create the stereotypes
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