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Statement of the Problem


The pipeline shrinkage is a term used by many to describe a well-known phenomenon regarding women in computer science.  The participation of women in computer science from high school to graduate school diminishes at an alarming rate.  Not only does this “brain drain” occur throughout school but also continues in the academic faculty ranks of colleges and universities where the percentages of women computer science instructors from assistant professor through full professor also decrease.  This problem is compounded by the fact that even though the numbers of women completing bachelor’s degrees in general have increased, the pipeline shrinks at the bachelor’s level for women in computer science over the past several years.  The result is an appalling gender gap in this growing technological field

The Extent of the Problem
Pipeline Shrinkage Throughout Educational Levels

Although as many females as males take computer science classes in high school (The Condition of Education, 1998), the percentage of women receiving bachelor’s degrees in computer science (including computer information systems) for the 2000-01 academic year was only 17.5% (Davies & Camp, 2000).  At the graduate level, the percentages of degrees in computer science at the master’s level and at the Ph.D. level also decreased. In addition, for women in academia, the pipeline shrinks through the ranks of faculty.  During the 2000-01 academic year, only 14% assistant professors, 13% associate professors, and 7.5% full professors were women in computer science departments of Ph.D.-granting institutions (Taulbee Survey, 2002).

Pipeline Shrinkage at Bachelor’s Level 

Not only does the pipeline shrink for women in computer science from high school to graduate school and beyond, but it also shrinks at the bachelor’s level and at the graduate levels over the last two decades.  In the 1983-84 academic year 37% of the computer science degrees were awarded to women, but in 2000-01 only 17% of these degrees went to women.  In fact, computer science is the only science and engineering discipline where the percentage of bachelor’s degrees for women decreased over the period 1980-81 to 1993-94.  

Significance of the Problem

This pipeline shrinkage is particularly of interest to many in business and industry as well as in education because there is a critical labor shortage in the computer science and computer information systems field (Hecker, 2001).  Nine of the top ten fastest growing occupations in the United States that require bachelor’s degrees are in the Information Technology (Computer Science/Computer Information Systems) area (Bureau of Labor Statistics, 2002).

The seriousness of this problem is stated by Fisher, Margolis, and Miller (1997), “Since computers and information technology play an increasingly pervasive role in education and careers, this under-representation is critical, not only for the women whose potential may go unrealized, but also for a society increasingly dependent on the technology” (p. 106).  The demand for degreed computer specialists will double in the next 10 years, which even surpasses the demands in the medical field (“Demand for,” 1999). 

The Nature of the Problem

The fact that women make up more than half of the population and are still significantly underrepresented in this field makes studying the factors contributing to this problem a priority. Many in the educational and business arenas have voiced concerns, hypothesized reasons, and proposed solutions to the problem. Actually the problem is two-fold. There is the problem of recruitment (actually getting high school female graduates to enroll in computer science classes) and the problem of retention (keeping the females in the computer science programs once they enroll in a class).  

Recruitment

Underlying the concern about the low numbers of females who enroll in college computer science courses is the question of whether it is caused by a lack of ability or because of lack of support and encouragement to pursue high-technology careers. There is increasing evidence indicating that gender differences in computer science participation are not due to ability differences. Fennema and Sherman (1977) studied differences in math and spatial achievement scores of over twelve hundred ninth-graders and found sex differences in math achievement and spatial visualization scores only in those schools where there were also significant sex differences in students’ self-perception of their ability to learn mathematics and the value that was placed on that learning. Data from the ACCCEL (Accessing the Cognitive Consequences of Computer Environments for Learning) Project showed similar findings as were found in previous gender-related mathematics research. When junior high and senior high students enrolled in computer classes were given the Raven Progressive Matrices – an ability test designed to be free of verbal and cultural bias, no gender difference in performance was evident (Mandinach & Fisher, 1985; Linn, 1985).  Also, the Minnesota Educational Computing Consortium showed little evidence of sex differences in overall computer literacy and programming ability in girls and boys (Anderson, Klassen, Krohn, & Smith-Cunnien, 1982). Girls and boys were roughly equivalent in overall computer literacy as well as in programming ability.

The fact that so many qualified females do not choose to enter the computer science degree in college has been attributed to recruitment factors such as lack of role models and encouragement, gender stereotyping, and lack of self-esteem with regard to computer proficiency skills among females.  Seeking to study and address these issues, the PipeLINK program, funded in part by the National Science Foundation, was aimed at girls and women from high school through the Ph.D. level to provide activities to encourage participation at each level, provide mentors and role models as well as to introduce to females a wide variety of computer science topics (Rodger & Walker, 1996a, 1996b). Greening (1999) examined gender stereotyping in computer science and concluded, “the biggest source of pipeline ‘leakage’ occurs prior to university admission” (p. 206).  Anderson, Welch, and Harris explained the low level of females in computer science courses on four social factors: parental encouragement directed toward sons rather than daughters, boy and girl peer groups widening the gap, stereotyped game software (mainly directed at boys), and lack of female role models both in the classroom and in the media (as cited in Kersteen, Linn, Clancey, & Hardyck, 1988). 

Retention

Attempts to examine possible contributing factors of the high attrition of female students in computer science programs in college have concentrated in several areas: previous computer experience, hostile environment and culture, and attribution theory. A related area of research includes studies of self-efficacy.

   
Previous computer experience.  A growing body of research suggests that there are significant differences between males and females in their experience with and attitudes toward computers.  Morahan-Martin, Olinsky, and Schumacher (1992) included over 600 entering freshmen in their study and found males had more experience and skills than females in specific computer usage, particularly programming and games.  Gender differences were also documented in attitudes towards the computers as well. Scragg and Smith (1998) studied six possible barriers to women in computer science classes and also found that women had substantially less pre-college computing experience than did men.  They concluded, “the largest barriers to retaining women in computer science may be circumstances that occur long before they enter our programs” (p. 85). Taylor and Mounfield (1991) found that having a high school programming course using structured methodology was not only statistically significant for success in a college computer science course but was also one of the best indicators of success.  Applications experience only (without programming experience) did not prove to be an indicator of college computer science success.  In a later study these same authors found that any type of prior computing experience for females was significant in success in the college computer science class, but only specific types of computing experience were significant for males (1994).   In a study of women in introductory computer science in New Zealand, Brown, Andreae, Biddle, and Tempero (1997) found that “students who find the course difficult are intimidated by seeing other students who have prior programming experience completing the assignments very quickly” (p. 112).  Other studies’ findings agree that women’s lack of prior computer experiences put them at a disadvantage in introductory computer science courses (Sackrowitz & Parelius, 1996; Liu & Blanc, 1996; Scragg & Smith, 1998; Margolis, Fisher & Miller, 2000). At Carnegie Mellon, some women concluded that they did not belong in computer science because they had to work so much harder than the males to be successful (Margolis, Fisher, & Miller, 2000).
Hostile environment and culture.  Women often find the environment and culture in computer science activities to be hostile.  One reason supported by Moses (1993) is that women prefer activities where social interaction is encouraged, and collaboration is often discouraged in academic computer science.  In fact, most assessment is done on a competitive basis, which is a methodology that females prefer to avoid (Howell, 1993; Moses, 1993; Clark & Teague, 1994; Sandler, Silverberg & Hall, 1996).  Frenkel (1990) stated that girls and women are “ill at ease in a field that seems to encourage “highly focused, almost obsessive behavior” (p. 38).  
Also women have few role models because of the small number of female computer science professors. Relationships with faculty are important to women students (Dryburgh, 2000; Seymour & Hewitt, 1997). Women, more so than men, expect to develop relationships with faculty members (Seymour & Hewitt, 1997). The lack of the opportunity to develop a relationship with the faculty member is the reason women do not like large classes. Role models and mentors encourage women to have more confidence and positive perceptions of the skill level and to study computing (Clegg & Trayhurn, 1999; Dryburgh, 2000). At Carnegie Mellon, many women talked about a high school teacher who had encouraged them to study computing (Margolis et al., 2000). They also described the importance of the advice, support, and encouragement of college teachers and advisors during their first year. Hewitt and Seymour (1997) suggest that women computer science majors lose confidence because they have not developed relationships with college faculty that would provide them with positive feedback and encouragement. Supporting Seymour and Hewitt’s (1997) conclusion, McGrath Cohoon (2001) found that Virginia computer science departments that included at least one woman faculty member and had faculty that mentored and supervised female students retained women at comparable rates to men. The faculty members of these departments also enjoyed teaching and shared the responsibility for student success with their students. 

 DeClue (1997) observed that the act of working alone with a computer for long hours in obsessive “hacker” behavior is a part of many computer science programs but is a behavior uncomfortable to females (p. 4).  Because of all of these factors, the female students in the program may feel isolated. 

Attribution theory.  Attribution theory involves explanations that people give for their successes and failures.  The explanations can be of a stable nature (attributing outcome to ability or difficulty of task) or an unstable nature (attributing outcome to luck or effort).  The theory suggests that when people attribute their successes to unstable causes (luck or effort) and their failures to stable causes (ability or task difficulty), the probability of persistence is low.  Deboer (1984) used the framework of attribution theory to study persistence in college science courses. He found that successful science students’ intention to continue in science was directly related to their attribution to ability and inversely related to task ease.  Several studies have suggested that females tend to attribute their successes in computer science to luck and their failures to lack of ability (Bernstein, 1991; Howell, 1993; Moses, 1993; Pearl, Pollack, Riskin, Thomas, Wolf, & Wu, 1990). If these tendencies were substantiated, they would obviously be a barrier to an increase in motivation and self-confidence for women in computer science and certainly could, at least in part, explain the high attrition rates reported in computer science programs.  Bernstein even found that males who were uncomfortable using computers attributed this feeling to “inadequate experience or poor teaching,” while females tended to criticize themselves for feeling uncomfortable with the computer (p. 60).

Self-Efficacy.
According to Bandura (1986) the way people behave is determined by their perceptions of how skilled, competent, and efficacious they are. Self-efficacy is the mechanism by which people navigate paths to achieve goals.  Bandura (1991) states:

People’s beliefs in their efficacy influence the choices they make, their aspirations, how much effort they mobilize in a given endeavor, how long they persevere in the face of difficulties and setbacks, whether their thought patterns are self-hindering or self-aiding, the amount of stress they experience in coping with taxing environmental demands, and their vulnerability to depression. (p. 257)

 
Bandura (1977) believes that there are four important sources of information affecting perceptions of self-efficacy. The first source is performance accomplishment. People’s perceived self-efficacy for an activity tends to increase if their experiences provide positive information about related competencies. “Males tend to seek out interaction with computers (through curricular and extracurricular classes and informally in video arcades), thereby creating opportunity for successful performance on the machine” (as cited in Miura, 1987, p. 305). Because computer science is a math-related subject, perceptions of self-efficacy may be affected by performance accomplishment in mathematics.  The second source of information affecting perceived self-efficacy is seeing others succeed or fail. Males have numerous successful role models in math-related careers, whereas females have relatively few. The third source of information included by Bandura is verbal persuasion. Many studies have been conducted showing that girls in the United States are not actively encouraged to continue in mathematics classes and are often discouraged from pursuing math-related careers including computer science (Brody & Fox, 1980; Dachey, 1983; Hess & Miura, 1985). Finally, the fourth source of information that can affect perceived self-efficacy is emotional arousal. Several studies have shown math anxiety and lack of confidence in one’s ability to do mathematics begins to emerge in girls in the junior high years and continues in the college years (as cited in Miura, 1987). Because most college computer science courses have mathematical prerequisites, math anxiety may influence perceptions of self-efficacy for computer activities at the college level as well.

Get Stats on our program at Murray State (CS &  IS) !!!
Fixing the Problem

Though the problem is frustrating and seemingly endless, there are encouraging signs among those working in the Computer Science Education arena. Many research studies are being conducted to combat the negative influences and to encourage the efforts in positive influences for women to study computer science.

 Some of the efforts being used to improve the recruitment issue are: programs concentrated on working with girls in elementary and middle schools to teach computer skills and thus bolster confidence in proficiency using computers, programs directed toward role modeling and mentoring for middle and high school girls showing successful women in the computing fields, and summer programs directed at reducing the male “stereotyping” of  computer problem solving activities by involving girls in an “all-girl” computer camp. If these attempts are successful at increasing the numbers of females who take computer science courses in college, then the retention problem becomes the next focus.

Some of the efforts purported to reduce the attrition of women in the college computer courses are: formation of peer support groups among the women studying computer science with “upper-classwomen” mentoring “under-classwomen”, use of cooperative learning techniques rather than the competitive/individualistic approach to writing computer programs, offering supplemental class sessions for those with less computer experience, and making connections with other disciplines to have more practicality in computing assignments.
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