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Abstract: A technical woman's success is often found in the adaptation and application of her unique characteristics and ability to distinguish herself. For a rewarding career, technical women must explore how they can better prepare themselves and excel in technical roles. Based on how genders process information differently, this paper explores tactics for maintaining and encouraging technical women's longevity in the workplace: how to tap into the way women process information differently to better their methods and strategies for innovation, mentoring, and credentialing (certifications). Whether attendants are curious about how to exercise their innovative side, or if they want to explore how men and women process information differently, they may find this presentation useful. 
Demographics and Scope: Women in Technology
It is known throughout the industry that there is great disparity between the numbers of men and women in engineering and technology. The factors that contribute to the phenomenon occur both pre- and mid-career. Understanding these factors and mediating them head-on that may ameliorate some of the challenges present in the pre- and mid career technical career pipeline for women. This paper explores these wide ranging factors and attempts to synthesize them as something to be considered together when developing a technical career. 
The advancing role of women in society is difficult to address from a global view because few studies track trends at this scale. Most research grants are federally based, and concentrate their focus on participation in the public sector (education and politics rather than the private sector. For instance, research has been conducted that shows the United States ranks 59th in the world in the number of women elected to its legislature (White House Project) or tracks the number of technical female professors (GAO). Other countries’ public research follows this model; therefore little research exists about the demographics of women in technology in the private sector on a global scale (WiTEC).
Much has been written about the fact that few female college students are choosing science, technology, engineering, and math to study at the college level. The phenomenon has been studied extensively by organizations such as the Institute of Electrical and Electronics Engineers, the Association for Computing Machinery, and the National Science Foundation, as well as the United States Government Accounting Office. At a time where engineering majors are falling across the board (in developed countries), women earn only 27 percent of the bachelor's degrees in computer sciences. To further underscore the point, although 23 percent of graduates in science and engineering were women in 1993, that number increased only 4 percent over the next 10 years (Content Manager, OCIS). And of that total number, only 11 percent of the engineers were women. A 2 percent decline in computer science majors was seen in the computer science occupations. What accounts for such a small showing of females? Where might these trends start? Some point out that it starts quite early in a woman’s education: For instance, females are not raising their hands enough in the classroom and drawing the attention of instructors.  A closer look to understand the relationship between a female’s withdrawal from interaction with instructors in a technical arena is necessary.
Girls elect to remove themselves from early scientific or technical interactions due to peer and family pressures. In other words, there are Gameboys but no Gamegirls (Lucero). From the selection in any electronic or video store, it is apparent that manufacturers produce far more titles aimed at boys than girls. There may be physiological reasons as well. At the age where the juvenile brain is accelerating its growth and development on its way to logical thinking, many girls’ systems are being flooded with the mixed messages that come through society and the assessment of self. It could be the self doubt that is inherent at this age, coupled with the method of scientific inquiry around which math and science curriculums are traditionally based (challenging, competitive, and test-laden) appeal more to the male developmental model then the female’s at this age (Pipher).
The un-appeal of science and technology can also be a societal pressure: The "geek" or “nerd” image associated with information technology can be a powerful deterrent to female adolescents considering a career in this area (Lucero). To circumvent the overwhelming pressure to avoid the stigma of labels at this age, it’s not unusual to find that successful females in technology have been mentored along that path by males that have been inherently successful in the field (West and Ross).
Title IX, a statute drawn to promote the equality of women and minorities in education and the workplace in the United States, has not shown as successful as first anticipated for equality in the science and technology fields. Figure 1 is a powerful reminder of how little progress has been made since Title IX was introduced in the workplace (GAO). It does convey that women’s participation in the sciences has had a marginal increase. 

The same GAO report continues to point out that much of the public research available in the area of women in science and technology has been conducted in the technical education world. If indeed it could be qualified as an indicator, it is apparent from Figure 2 below that women are still under represented in computer sciences and engineering fields as full professors. As mentioned previously, extending this conclusion to the private sector in general proves difficult as most studies are too stratified to draw wide-ranging conclusions.
A study conducted by the National Center for Education Statistics (NCES) tracked the numbers of female professors in technical disciplines. In interviews conducted with participants at MIT, the study revealed that preparation, in other words, education, is not the only reason that leads to women's low participation in science occupations. The study revealed (and stirred up great controversy) that workplace discrimination -- in the form of a sense of marginalization when compared to male colleagues -- also takes place and contributes to female professor’s attrition. This landmark study has been challenged consistently since its publication in 1999 (Kleinfeld).

Figure 1. Bachelors Degrees Earned by women from 1966 to 2000.
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Figure 2. Percentage of Women Faculty by Rank, 2002
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Now that this high-level look at the demographics is complete, the factors contributing to some major areas of differences as found in the literature will be explored. 
The Differences
Much research is being conducted into the sociological, physical, and cognitive differences between men and women in –and out—of the workplace. Differences go past educational impacts and the sense of marginalization. The differences can also be quantified by how men’s and women’s brains work. By exploring these physiological differences, women may be able to understand why the present educational and employment models exist and work within the constraints they impose. 
Overall, the female brain weighs about 100 grams less than a man’s brain, but contains many more folds and fissures. These folds and fissures contain an “extra punch” (Luders). The additional folds, or convolutions, are found in the frontal and parietal regions of the cerebral cortex, and these folds equate to a larger brain surface area. Scientists have also found that the it is not volume, but surface area that determines how many synapses (the gap between two neurons, over which impulses lead to learning) can occur in the brain, so these convolutions that the female brain contains may or may not equalize the larger brain volume of men. 
Eileen Luders and her colleagues in the School of Medicine at the University of California, Los Angeles, created three-dimensional pictures of the brains of 30 women and 30 men, using magnetic-resonance imaging in combination with a new technique for analyzing the images. The average age of their subjects was about 25 years old. The researchers pinpointed prominent grooves in each brain image to divide the brain into distinct regions. They then looked at the complexity of the cerebral cortex in five different areas: the parietal, occipital, and temporal lobes and the superior and inferior regions of the frontal lobe (Luders). 

Some members of Luders’ team concluded that females had more cortical complexity then men in the superior-frontal and parietal lobes of the brain, as well as the inferior-frontal lobe in the right hemisphere. There were no regions in men’s brains that were more complex then women’s brains. This is the first time that gender differences have been shown in the convolutions of the brain. So what does this mean? The researchers speculate that preliminary indicators point to the convolutions contributing to behavioral and learning abilities between men and women. Or, it might just be that it is a female’s way of getting and equal amount of potential synapses into a slightly smaller skull. Now that some of the sociological and physical differences between men and women have been explored, this paper will shift toward the discussion of some new findings about how men and women process information differently.
Cognition and Thought Processes
Whether or not the increased convolutions in these areas contribute to the women consistently surpassing men on verbal and memory tasks is inconclusive. However, the superior temporal cortex, an area of the brain responsible for speech, is nine percent larger in women. Females also generate more blood flow to the brain: about 15 percent more than men. The nerve cells of a women’s brain are also more tightly packed together; whether this results in more efficiency in synapses has yet to be concluded. It has been shown that younger girls develop language skills earlier than boys, and younger girls can discriminate finer differences in speech than their counterparts. For years, it has been recognized that women do better in the earlier years of schooling than boys. Women were thought to be better communicators or were taught to please the teacher or could hold their playground energies for longer periods of time. Studies in behavioral science have concluded that even as early as Kindergarten, women’s handwriting can be developed earlier and knowledge retention from short-term memory is faster (The Brain).
All of this is said not in the spirit of a women’s brain power superiority, but to point out the irony that with all of this brainpower in play for females, why are they still so outnumbered by men in the sciences and engineering? The thick and thin of it is that men have some additional features in their brains, too. Females have more grey matter in their brains then white matter. White matter is the lay term for the neuron fibers that are encased with a fatty myelin sheath. The fat layer around the sheath is thicker in a man’s brain, and may attribute to an increased ability to communicate with more distant areas of the brain. There are fibers in this white matter that inhibit neurons from blocking the dispersal of information, and this encourages more local processing of information. In other words, the thicker white matter may contribute to an increased ability to concentrate without distraction. Ruben Gur, director of the Brain Behavior Laboratory at the University of Pennsylvania in Philadelphia, expresses that the thicker white matter may also bolster the well documented studies that point to a higher level of spatial reasoning in men (Harris). A well ingrained metaphor of this difference in spatial reasoning is the oft-cited distinction between men navigating by spatial reasoning and the need for women to have documented directions. Is this why men have dominated professional chess and are more likely than girls to sit mesmerized for hours playing video games? The jury is still out, but much research is ongoing.
Other experts validate this observation: Men and women don't differ in overall intelligence, but the average male and female do differ for a few specialized cognitive abilities, including a subset of visiospatial tasks," says Harris (2006):
In particular, men perform better than women, on average, on tests that require judging the slope of a line or mentally rotating pictures of 3-dimensional objects, while women tend to be better at remembering objects and their locations -- a skill known as landmark memory -- or at rapidly detecting fine-grained details of a visual image. Also, men and women tend to pay attention to different aspects of the environment when navigating a route. Men tend to be more aware than women of properties of space, such as cardinal directions (north, south, east and west) and distances traveled, while women tend to be more aware than men of the landmarks (items placed within that space, such as buildings). 
So, recent science has established observable differences in how men and women process information. Could it be that the way academia evaluates cognitive skills through standardized testing does not consider these differences and filters out women from pursuing technology careers?
Locked Out by Admissions Testing?
Another factor attributable to women not being drawn into technology programs could be gender bias in college admissions tests. In the United States, over one million high school students annually take the Educational Testing Service's SAT I, America's oldest and most widely used college entrance exam. The test has two sections, Verbal and Math, each scored on a 200-800 point scale. The test items are multiple-choice; however, with a few variations.
The following summary by an organization formed to watch the testing industry states the inconsistencies in design of the College Admission test:

The SAT I is designed solely to predict students' first year college grades. Yet, despite the fact that females earn higher grades throughout both high school and college, they consistently receive lower scores on the exam than do their male counterparts. In 2001, females averaged 35 points lower than males on the Math section of the test, and 3 points lower on the Verbal section. A gender gap favoring males persists across all other demographic characteristics, including family income, parental education, grade point average, course work, rank in class, size of high school, size of city, etc.  Contrary to the test-maker's assertions, the gender gap does not merely reflect differences in academic preparation. ETS researchers Howard Wainer and Linda Steinberg found that on average, males score 33 points higher on the SAT-Math than females who earn the same grades in the same college math courses. The authors state that the "consistent under prediction of women's performance in college mathematics courses provides evidence that the SAT-M, used alone, is mismeasuring the profile of proficiencies that contribute to success in college" (Fairtest.org). 
On the ACT test, women also score lower than men, although the gender gap has narrowed: in 2001, women’s scores were only 2 points lower than men’s. When narrowed down of specific sections of the math and science components of the test, however, women are still scoring significantly lower then men.  Similar score gaps exist on graduate school exams as well. It could very well be that our brightest and best woman candidates are being kept from excelling in technological fields because of the strict cut-off limits employed by higher education and corporate hiring practices.
Why does this gender gap exist? Test expert researchers point to biased test questions, the multiple choice format, guessing penalties (men will guess, women will often leave the item blank), and time constraints that work against the information processing capabilities of women or at least promote the enhanced capabilities of men described above.
Trends Toward Reversal in Education and the Workplace
To make a quick and obvious point, much of the groundwork for reversing the trend toward low numbers of women entering technology and engineering resides with the educational institutions in America and around the world (IBM 2007). Collaborative, not competitive technology curriculums should be developed, and far more women should be encouraged to full professorship at the college level (GAO; Lucero). Another trend gaining attention are “switchers” – college students who are circumventing the rigid and sometimes mis-applied admissions requirements for science and technology and transferring into programs affected by high freshman and sophomore attrition rates (Strenta). 
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According to Strenta et al, 95 women and 165 men switched into science between 1988 and 1992 at the four highly selective institutions they studied. The recruits are often strong students: they "averaged 3.24 in their science courses during the first two years, while students who were initially interested in but left science had a corresponding average of 2.63. 
Once in the workforce, however, it is often up to the individual woman to maintain and elongate a vibrant career. In the United States under Title IX, many corporate programs are aimed at women’s succession planning. Programs and enablement are offered to assist women in these areas. “Branding” is a newer form of self promotion gaining popularity among men and women in the workplace, and it entails the following features. 

First and foremost, women in technology should excel in one main area but keep their fingers on the general direction of their expertise. Borrowing a term from the marketing discipline, they should “brand“themselves. One of the top things that holds women back is a lack of self-promotion. Self-marketing is difficult and even uncomfortable for many women. Women may have been indirectly taught from childhood to let our hard work speak for itself. On a conscious level, women know it is not true. Learning to differentiate - to create a “brand” - is crucial to career success. What does this entail? Consistently improve skillsets; form enduring relationships with others in the workplace; market and promote one’s career; measure all key aspects of the business and adjust to stay in demand; and stay true to core values (Briggs).
Once a technical professional, other strategies for an elongated, successful career in technology exist. These strategies consisting of using the female perspective to innovate, engage in mentoring programs, and distinguishing oneself on the same playing field as men through credentialing, which consists of certifications, advanced degrees, and harnessing intellectual capital.

Innovate. Innovation is taking something mundane and turning it into something that brings increased value to the workplace.  Women can start small – and let this good habit take root. The following chart identifies that the overwhelming source of innovative thought in today’s corporations come from the employee (direct employees indicated by red bars).  Research and development, the traditional epicenter of innovation, has been overshadowed (IBM Institute for Business Value).
Maximizing a women’s capacity to collaborate in teams can accelerate the innovation process. By using the power of networks and a new line of sight, women can exploit the mental capabilities that are inherent to their thought process to innovate in the workplace. Establishing trust among networks and expanding those networks increases exposure. Distributed sources attract a person in the workforce to the attention of leaders. Accepting and taking risk draws a firmer relationship between the process and consequences. There are opportunities for innovation in unexpected places. Women’s natural tendencies to decompose situations, diverge for discussion, and deconstruct breaks open new areas for innovative thought to emerge. This strategy has been coined, “Flipping the equation”, and much of the physiological wiring in the female brain may be tailor-made to such an exercise.

Mentoring models.  Mentoring is a controlled, directed experience. Mentors’ characteristics and goals should complement the aspirations of the mentee. Some mentoring models invoke the creation of a mentoring contract for success. Mentor and mentee should agree to certain goals. When those goals are reached, reassess the relationship. Mentors should sponsor you toward success, provide feedback, and present challenges. All technical women should have a mentor in the workplace – or two. And technical women should be mentoring others as well.

Figure 3. Top Sources of New Ideas and Innovation.
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Leadership pipelines. A company might spend hours creating a list of high potentials, but if they don’t develop them through key job assignments, leadership training exercises or by pairing them with mentors, it’s just a list of names. High potential employee programs exist almost everywhere. High potential technical women should seek them out and get into these programs. If the program is moving along, get involved and develop energy to carry you forward with it (Zielinski). 
Credentials. For years, the science and technology industry has created measurements that allow an individual to spotlight themselves. Individuals should seek out and attain the highest industry certifications. Not only do these certifications validate skills and expertise at the same level as men, they point to increased earning power for corporations. Finally, intellectual capital should be captured and technical women should be viewed as shared contributors: a recognized and valued asset to any organization.
Conclusion

To study the relationships between females and careers in science and technology, much more study is need. Case studies need to be explored concerning the differing interventions that introduce females to the field. Cross-geographical studies of how females enter field and remain their, including causal factors, need to be conducted. Comparisons of successful corporate programs that have shown success need to be studied and applied elsewhere. Closer looks at childhood development and the early successful traits that point toward an active and elongated career in the sciences as well as the dynamics of the workplace that indicate lower attrition levels are necessary. Applying technology to create insightful analyses of existing datasets such as those provided by nations’ census bureaus, market indicators, and economic indicators must be developed between corporations, international organizations, and educational systems.
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