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Executive Summary

It is widely recognizedthat the current and projected shortage of adequately-educated IT profes-
sionals could be greatly reduced if more female and minority students would major i IT disci-
plines, yet the dramatic under-representation of these populations appearsto be worsening. T his
under-representation is reflected in Drexel University’s College of Information Science & Tech-
nology’s undergraduate IT programs, which currently average just 9.7% female enrollment and
just 9.7% non-Asian minority (Black, Hispanic, and Native American) enrollment.

As an initial step in working toward redressing this under-representation, the authors present a
theoretical framework for increasing marginalized students’ (women and minorities) participation
in the study of IT. The Changing Mental Models Framework builds on existing gender and IT
research, applying research findings to the practical realm of students’ everyday lives. Most stud-
ies of why women avoid IT have demonstrated that females who are making career choices care a
lot about “solving problems” and much less about “technology.” Studies of minority students’
career decision-making have developed similar conclusions. The Framework proposes that uni-
versities partner with local schools and business organizations to demonstrate that IT careers are
directly tied to solving real-life problems andto show female and minority students real IT pro-
fessionals at work, solving real problems that affect realpeople like them.

The Framework includes four distinct components: mentoring, social cohesion and peer sup-
port, role modeling, and curriculum redesign. The article includes a detailed literature review
of research relating to each of these four areas. The Framework focuses on fostering positive and
diverse mental models of IT careers and IT professionals. This goal is significant because female
and minority students tendto view IT careers and the people who work in computing-related jobs
as overridingly white, male, and technology-focused. Consequently, these student populations
require active and ongoing mentoring, social support, role modeling, and curriculum redesign to
help them understand that they possess similar qualities to IT professionals and managers, and
that these career paths are open to them
and to others like them.
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can bring under-represented female and minority populations more equally into the IT world.

Keywords: gender issues in IT, minority education, perceptions of IT, recruitment, retention, role
models, mentoring.

Introduction

We are facing a crisis in information technology (IT) education. As anation, we are not educat-
ing an appropriate cross-section of society to become the next generation of IT professionals,
thereby shutting female and minority students out of IT careers. This “pipeline” effect (Camp,
1997) has been well-recognized now for more than a decade, yet it has not abated and is unlikely
to do so in the near future. According to a Computer Research Association report (Vegso, 2005),
“Alarmingly, the proportion of women who thought that they might major in CS (computer sci-
ence) has fallen to levels unseen since the early 1970s.” The National Science Foundation’s
Women, Minorities, and Persons with Disabilities in Science and Engineering (National Science
Foundation, 2006) statistics indicate that while females obtained 57.6% of all bachelor’s degrees
in 2004, they obtained just 25.2% of computer sciences-related undergraduate degrees. Thisper-
centage also reflects employment in this area.

These statistics also show that minorities (Asian/Pacific Islander, Black, Hispanic, and American
Indian/Alaskan Native) together obtained 30.2% of undergraduate computer sciences-related de-
grees in 2004 (National Science Foundation, 2006). Whilethis number indicates fairly strong
minority group participation, the high representation of Asian/Pacific Islander students (43.0% of
the CS undergraduate degrees obtained by minorities) masks the markedly lower participation of
the remaining groups. Removingthe Asian/Pacific Islander group, Black, Hispanic, and Ameri-
can Indian/Alaskan Native students together obtained just 17.2% of the undergraduate computer
sciences-related degrees conferred in 2004. This is a serious under-representation, as these same
three groupstogether comprise 27.4% ofthe U.S. population asof 2005 (United States Census
Bureau, 2007).

This problem is aggravated by a general national decline in student participation in IT -related
undergraduate programs. Since the year 2000, we have seen a drop in the number of U.S. high
school students aiming to study IT -related fields in college, and we have seen a subsequent de-
cline inthe number of undergraduates who are entering college as IT students (Vegso, 2005).
Frauenheim (2004) reported that schools like MIT, Rutgers, and Camegie Mellon have experi-
enced a reduction in the number of freshmen in their IT programs. As aresult,there is an insuffi-
cient pool of IT studentsto supportthe needs of industry, andthere is an insufficient pool of IT
students to sustainthe healthy growth of future research and development.

It is widely recognizedthat the current and projected future shortage of adequately-trained IT pro-

fessionals could be greatly reduced if more female and minority college students would major in
IT disciplines (e.g. Mayfield, 2001; McDonald, 2004; Pincus, 1997; Tapia & Kvasny, 2004).
Nonetheless, a dramatic under-representation of these populations in IT related fields persists.

An Example of the Problem: Declining IT Enrollment at Drexel
University’s College of Information Science & Technology

This downward enrollment trend is reflected in Drexel University’s College of Information Sci-
ence & Technology’s (IST) undergraduate enrollment, which has fallen from a high of 127
freshmen i for the 2001-2002 academic year to just 54 freshman for the 2007-2008 academic
year. The declining number of freshmen results in fewer graduates and fewer students entering
the IT-related fields. Currently, IST undergraduate programs average just 9.7% female enroll-
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ment and just 9.7% non-Asian minority (Black, Hispanic, and Native Indian) enrollment. Table 1
shows current enrollment statistics by gender.

Table 1: IST Undergraduate Male/Female Enrollment for AY2007-2008.

Gender Number of Students | Percentage
Male 308 90.3%
Female 33 9.7%
Total Enrollment 341 100.0%

At IST, non-Asian minorities are similarly under-represented. Table 2 breaks these students
down accordingto self-reported ethnic/racial designation.

Table 2: IST Undergraduate Ethnic/Racial Enrollment for AY2007-2008.

Ethnic/Racial Designation Number of Students Percentage
African American/Black Non- 23 6.7%
Hispanic

Asian orPacific Islander 61 17.9%
Mexican American 1 0.3%
Puerto Rican American - Mainland 2 0.6%
Not reported 10 2.9%
Other Hispanic 7 2.1%
White Non-Hispanic 237 69.5%
Total enrollment 341 100.0%

The great irony in these statistics is that IST sits in the middle of a predominately minority city.
Philadelphia residents are 55.3% Black, Hispanic, and American Indian/Alaskan Native, which is
morethan twice the 27.4% national average (United States Census Bureau, 2007). Philadelphia
also has a slightly higher than average female population, 53.7%, as opposedto the national aver-
age of 51.0% (United States Census Bureau, 2007). Yet eventhough it is located inthis incredi-
bly diverse environment, and even though its undergraduate programs have a largely local draw,
IST cannot attract a representative proportion of female and/or minority studentsto its IT-related
undergraduate degree programs.

Why do these marginalized groups hesitateto participate in the study of IT? The problem is
largely societal. Solving it requires cooperation with agencies and organizations outside of the
College and the University. Our response to the problem is to treat these groups as marginalized
populations, rather than as specific populations with different needs. We are arguing that we
want to include them in general programs of education, rather thanto target them with separate
programs. Below we present a theoretical framework for changing marginalized students groups’
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mental models of the IT professions, thereby increasing their desire to participate inthe study of
IT. The Changing Mental Models Framework is based the extensive body of existing gender and
technology research, bringing research ideas intothe practical realm of students’ everyday lives.
The Framework is not unique to our College or University. It can be used by any academic insti-
tutions interested in increasing marginalized student group participation in IT. A review of the
related literature follows the presentation of the Framework.

Changing Mental Models: The Framework

The Changing Mental Models Framework builds on existing gender andIT and minorities and IT
research, applying research findings to the practical realm of students’ everyday lives. Asmar-
ginalized student populations, women and minorities have many shared needs, and the same
kinds of mechanisms can lead to changingtheir mental models of IT. Most studies of why
women avoid IT have demonstrated that females who are making career choices care a lot about
“solving problems” and much less about “technology” (e.g. Agosto, 2001b; Beyer, Rynes, & Hal-
ler, 2004). Studies of minority students’ career decision-makinghave developed similar conclu-
sions (e.g. Burge & Suarez, 2005). The Framework recommends partnering with educational and
business organizations to demonstrate that IT careers are directly tied to solving real-life prob-
lems andto show female and minority students real IT professionals at work, solving real prob-
lems that affect people like them.

The Framework focuses on fostering positive and diverse mental models of IT careers and IT pro-
fessionals. This goal is significant because female and minority students tendto view IT careers
and the people who work in computing-related jobs as overridingly white, male, and technology-
focused. They require active and ongoing mentoringto understand that they possess similar
qualities to IT professionals and managers and that these career paths are open to them.

Moreover, there is an increasing shift from groups and hierarchies as the dominant mode of social
organization in business corporations to network models, with a commensurate shift from central-
ized to decentralized decision processes (Benkler, 2006). Individuals who feel unable to partici-
pate in networked decision-making or who feel uncomfortable in online communities are likely to
be severely disadvantaged. Female and minority students are more likely than their white, male
peer students to feel isolated or inadequate in the use of information technologies. The Frame-
work focuses on creating a sense of inclusion and a facility with technology by providing support
from a peer community. Whilethe framework could be used to increase broad-based student par-
ticipation in IT, regardless of gender or ethnic/racial group membership, it is its focus on promot-
ing the feeling of inclusion for marginalized populations that makes it especially well-suitedto
increasing female and minority IT participation. The Framework also focuses on developing un-
dergraduate curricula that meet the needs of students from disadvantaged groups. If students’
experience ofthe academic program that they selected is unsatisfactory, they may feel disempow-
ered.

The Framework appears in Figure 1: The Changing Mental Models Framework.
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Figure 1: Changing Mental Models: A Theoretical Framework for Engaging Marginalized
Populationsin IT Education

The framework above presents four central elements fromthe literature on dealing with marginal-
ized populations in education. The key elements of the framework arethe synergies between the
elements; this framework suggests an ecological approach to education, where none of the ele-
ments is sufficient on its own. We suggest that this framework could be operationalized through
the integrative relationships between elements. For integrative mechanism (1), we propose that
active mentoring can be used to present a variety of role models through Middle and High School
outreach activities. For mechanism (2), we would suggest that we can present a variety of role
models to engage students in curriculum redesign through a University Lunch Club, where stu-
dents from marginalized groups meet with a variety of female and minority-group role models, to
motivate them to engage with technology subject areas. Their identification withthe curriculum
could be strenghened through mechanism (3), which engages students in social cohesion and
peer supportt through reviewing and suggesting changes to the curriculum, as experienced by
marginalized student groups. For example, female sudents often report that current curriculum
delivery mechanisms are biased towards boys who, though high school clubs, have more techni-
cal experience than they. Engaging female students in curriculum redesign produces more activ-
ity-based courses that rely less on existing technical expertise. For mechanism (4), we suggest
that involving students in school & university online communities provides social cohesion and
support through peer mentoring. This can be combined with guided mentoring in mechanism (5)
to provide social cohesion and wider identification with IT professionals by introducing students
to and building mentor relationships with IT professionals. Finally, mechanism (6) engages stu-
dents withthe IS curriculum and provides active mentoring through presenting video cases,
where IS professionals can speak to the skills and expertise that they have found critical in main-
taining a successful career. Any one of these mechanisms alone will just deal with part of the
problem. It isthrough the integration of these six cohesion mechanisms that we propose to en-
gage sudents from marginalized populations, tothe extent that they identify withtheir peer
communities of IS professionals and IS students.
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The Research Underlying the Framework

Based on a large body of related research, researchers and educators have a good idea of the ma-
jor reasons why women and monitories hesitateto enter [T-related professions. (See Cohoon &
Aspray, 2006, for detailed discussions of some of these sudies.) There have been several signifi-
cant sudies of why women avoid IT careers, and most of them point to the fact that young
women who are making career choices care a lot about “solving problems” and much less about
“technology” (e.g. Agosto, 2001b; Beyer et al., 2004). These sudies indicate that young women
see other disciplines, such as education or psychology, as leadingto careers that are more focused
on solvinghuman problems, and consequently they find these fields more attractive. Studies of

minority sudents’ career decision-makinghave had similar conclusions (e.g. Burge, & Suarez,
2005).

The overarching problem isthat females’ and mmorities’ mental models of IT tendto create inac-
curate and unappealing pictures of IT education and of IT careers (Rettenmayer, Berry, & Ellis,
2007). Agosto’s (2001b, 2004) research has shown that adolescent girls tendto be interested in
computers primarily as tools for communication with other humans, rather than as tools for tech-
nological achievement, andthat theytendto view the IT fields as de-socialized technological
spaces. This is a common finding among gender and technology researchers (e.g. Brunner, Ben-
nett, & Honey, 1998; Honey et al, 1991; Schofield, 1995; Subrahmanyam & Greenfield, 1998;
Turkle, 1988). Similarly, Jackson, Ervin, Gardner, and Schmitt (2001) found that female under-
graduates used the Intemet primarily for sending e-mail, whereas undergraduate males used the
Intemet primarily for searching for information. Other researchers have foundthat females” deep
interest in human communication and human relationships stands at odds with their view of com-
puter scientists as working in social isolation (American Association of University Women,
2000).

The Framework is built upon four sreams of research connectedto female and minority students’
mental models of IT: IT mentoring for women and minorities, social cohesion and peer support
for female andminority IT students, IT role models, and IT curriculum redesign.

Mentoring

Mentoring androle modeling can be effectivetools for changing students’ mental models of IT .
Verbick (2002) described the mentoring role in simple terms: amentor ““can advise the young
woman of any pitfallsto avoid and can be an excellent support person duringtimes of trouble and
change” (p. 245). It isthe personal aspect of the mentoring relationship that iskey, and it is this
personal contact that differentiates mentors from role models. Role models can be provided by
images and discussions in the media or in classrooms, by shared mental models among social
groups, or by casual acquaintances.

Mentoring is not only about helping students to leam, it is about helping students learnto learn.
While a student could learn on his or her own, leaming is aided by having a mentor. Leamingto
learn, however, can rarely be accomplished without a mentor. Learning requires that the student
show some mastery ofthe concepts presented in the classroom. Learning to learn, on the other
hand, requires that the student understand how these concepts can be applied and modified to fit
the world of practice. This requires someone who understands that world of practice. Lave and
Wenger (1991) define professional practice as being “situated” in the context of action. We can-
not understand how to practice our profession without an undersanding of how our behavior is
interpreted as professional or unprofessional in a typical context of practice.

Donald Schon’s (1983) The Reflective Practitioner presents a theory of how professionals learn.
The Reflective Practitioner is based upon Schén’s conviction that universities are not devotedto
“the production and distribution of fundamental knowledge in general, but in a particular episte-
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mologythat fosters selective inattention to practical competence and professional artistry” (pref-
ace). This claim forms the foundation for his discussion of how professionals think when situa-
tions arise that are a surprise or do not fit a known model or method for finding a solution. The
everyday work of a professional is in the “tacit knowing-in-action” (pg. 49). It is how we do
things somewhat aitomatically without consciously thinking about them. Schon distinguishes
reflection-in-action asan agpect of professional practice that comes about when a practitioner en-
counters an unexpected, surprising, or unknown situation for which their knowledge base has no
frame. Asthe practitioner tries to make sense of this situation, a reflection takes place upon the
“understandings, which have been implicit n his action.” This artful manner of inquiry by which
practitioners sometimes deal with uncertainty Schon calls “areflective conversation withthe
situation” (pg. 268). Teachingreflection-in-action as way to learn to learn is discussed in more
detail in Educating the Reflective Practitioner (Schon, 1990).

Professional practice is “situated” in the context of action. We cannot understand how to practice
our profession without an understanding of what constitites an appropriate way to solve various
types of problems in a typical context of practice. We cannot leam how to problem+solve without
an understanding of what congtitutes socially-acceptable — and therefore “professional” career-
enhancing — ways of presenting a solution in a given community of practice (Lave & Wenger
1991). Having a mentor iskeyto learning how to leam andto leaminghow to behave profes-
sionally.

But, while mentors help students leam to leam, doing so also improves the mentor’s skills. There
is an interplay between our self-understanding and our undersanding of the world that is realized
through relatingthe “parts” of our daily practice in problem-solvingto the*“whole” in our
interpretation of how the world works. A hermenetic circle of self-understanding is realized
through assertion, where we explain the workings of the worldto others (Heidegger, 1962).
Explanations help usto understand practice better, which makes us better professionals, as well as
better mentors. So the benefits of a good mentoring program extendto mentors as well as to
mentees:

“In corporate or academic settings, mentoring, in general, and for under-represented mi-
nority groups, in particular, has proven to result in desirable outcomes. Davis and Rodela
(1997) have detailed these consequences: 1. Higher productivity and performance ratings
for both the mentor and protégé; 2. More accurate selection and training of new person-
nel; 3. Greater retention of highly qualified people; and 4. A greater probability of a per-
son’s being promotedto a senior rank.” (Payton & White, 2003, p. 125)

A study of students in a Stanford CS course reinforced the importance of mentoring: “Only stu-
dents who knew adults involved in computing had a notion of options for computer science
graduates that extended beyond the images of a solitary, ‘Office Space’ coder developing lines of
script” (Zur, Irani, Barker, & Guzdial, 2005, p. 64). Othman and Latih (2006) found that the high
percentage of female role models and mentors in Malaysia results in significantly higher female
CSand IT participation at the undergraduate level. Katz, Allbritton, Aronis, Wilson, and Soffa
(2006) found mentorsto be an indicator of undergraduate academic success in the computer-
related disciplines.

Stephenson, Miguel, Peckham, Hervé, and Hutt (2007) have shown that mentoring leadsto in-
creased IT student retention at the undergraduate level. Payton and Jackson (1999) emphasize the
importance of minority faculty as mentors in IT academic retention efforts. They studied IT mi-
nority doctoral sudents’ socio-cultural needs for educational success. Doctoral sudents’ main
barriersto success included “minimal faculty support, social isolation andthe need for minority
mentors” (p. 32), indicating that the need for mentorship continues beyond the undergraduate
years. Indeed, “the largest concern of the sudents was the scarcity of minority IS faculty for
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mentorship” (p. 32). However, Payton and White (2003) pointedto the serious shortage of Afri-
can American mentors in the IT professions, which prevents students from finding mentors on
their own without formal support structures such asthe one proposed here. Mentoring for women
and minortities is also crucial to retention at the professional level, wherethese populations con-
tinue to be under-represented (T apia & Kvasny, 2004).

Implications for implementing mentoring as a component of the
framework

This research suggests that providing formal faculty and IT professional mentoring relationships
for female and minority undergraduate IT students can increase IT sudent retention. Ideally,
mentoring should be a part of a larger effort to provide badly needed support and encouragement
for under-represented student populations.

Social Cohesion and Peer Support

Another element of female and minority students’ mental models of IT is the misperceptionthat
IT disciplines and professions exist in social isolation. Peer-support from other female sudents
has a significant effect on persisence and retention of female students at the undergraduate level
(Cohoon, 2001). Agosto’s (2001b) work with high school females interested in science and
mathematics found them to be uninterested in pursuing computer-related careers forthis very rea-
son: a distaste for working alone. The young women were much more interested in careers in
medicine or biology; careers that they felt mvolved more collaborative work and more interaction
with peers. Beyer et al. (2004) surveyed 567 college freshmen about their attitudes toward CS
and their decisions whether or not totake CS courses. They found the subjects generally to hold
negative sereotypical views of CS students as “unsociable and nerdy” (p. 26), which they identi-
fied as a deterrent to women studying CS. This view ofthe IT world as unwelcoming to females
continues at the professional level. Perelman (2007) found that only about half of the 2,000 fe-

male IT professionals she surveyed “believed their company offers a favorable environment for
women.”

This is critical as we see anew generation of “Millennial students” emerge. Born between 1979
and 1994, Millennials comprise the bulk of today’s undergraduates and will continue to do so for
much of the next decade. Their relationships to technology are different fromthat of previous
generations. Technology, and ICT use particularly, plays a much larger role in their everyday
lives (Brown, 2000; Oblinger & Oblinger, 2006). They have a sronger preference for collabora-
tive work, experiential and inductive leaming opportunities, and multi-tasking than previous gen-
erations of students. These are “digital natives” (Prensky 2001), whose uses of technology are
embedded in therr daily lives and who prioritize social uses of technology over nstrumental uses.
While these students are knowledgeable in the use of technology, they are extremely naive about
how such technologies are constructed. They view technology design and programming as
“geeky” and anti-social (Kvavik, 2005). Peer-suppott is even more critical for this generation of
students than for previous generations —and is especially critical for minority students. A report
by the Coalition to Diversify Computing concluded that:

“Minority sudents may also lack social outlets in which they feel comfortable; and anec-
dotal evidence suggests that social factors can play a large role in how much a sudent en-
joysthe graduate experience andhow well he or she succeeds. Communities are perhaps
the most effective means for teachingthese lessons, and peer support is probably the
mog effectivetype of support. Sometimes the sudents can form such communities on
their own, but it behooves the department to take an active interest in and provide aid to
these communities.” (Aspray & Bemat, 2000, p. 19)
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Student community building programs have also been shown to leadto increased participation in
CSandIT for females and minorities. For example, Denner, Wemer, Bean, and Campe (2005)
have used electronic game design clubs with middle school girls and have had success at increas-
ing their computer confidence and skills. Dobosenski (2001) has had similar success with fifth
grade girls’ computer clubs. Beyer, Rynes, Perrault, Hay, and Haller (2003 ) found friends and
family who support females’ interests in IT to have a significant impact ontheir college major
selections, showing the importance of supportive social networks in IT program recruitment.

Agosto and Hughes-Hassell’s (2008) current research into minorityteens’ information seeking
and use shows that, unlike middle class white/Caucasian teens who are generally tech-savvy
computer users, low-income minority teens tendto favor telephones and face-to-face communica-
tion over computers, viewing computers as an anti-social information medium (Agosto &
Hughes-Hassell, 2005). This strong desire for close-knit social communities can result in a dis-
tase for supposedly “anti-social” IT careers.

These misconceptions about the anti-social nature of computer-related careers add up to female
and minority students’ reduced interest in studying IT disciplines in college. Removingthis atti-
tudinal barrier is crucial for increasing females’ and minorities’ participation in IT, as interest is a
key component of student advancement, especially inthe case of groupsthat are under-
represented in STEM (science, technology, engineering, and mathematics) disciplines (Campbell,
Jolly, Hoey, & Perman, 2002).

Implications for implementing social cohesion and peer support as a
component of the framework

As shown above, providing IT community building opportunities can change students’ misper-
ceptions of computer work as anti-social work and increase their interest in IT. These concepts
can be translated into providing online and face-to-face opportuntties for social networking with
peers, with IT professionals, and with IT faculty.

Role Models

A crucial pat of female and minority sudents’ negative mental models of IT is a lack of appro-
priate role models. Inatelephone survey of 652 college-bound high school students, Jepson and
Perl (2002) foundthe top six reasons why females were less likely than malesto pursue IT ca-
reersto be: “not enough role models,” “women have other interests,” young women “don’t know
about the industry,” young women have “limited opportunity,” “negative media,” andthe percep-
tion that computer-related careers are “too nerdy.” Agosto’s (2001a) work confirms this idea.
Thomas and Allen (2006) found that a majority ofthe female IT students at an Australian univer-
sity could not name any female IT role models. The reason forthis shortage is simple: most IT
professionals are male, meaning that most of the IT professionals young women see and hear
about aremen. The lack of visible female role models makes females feel that STEM careers are
not open to women (Kekelis, Ancheta, & Countryman, 2005). Based on an extensive meta-
analysis, Adya & Kaiser (2005) identified role models as a major factor in young women’s career
decision-making, a finding echoed by Guzman, Sharif, Blanchard, Ellis, and Stanton (2005).

Similarly, the paucity of non-Asian minority IT professionals in the U.S. discourages minority
students from entering the IT fields, thereby perpetuating their under-representation (May &
Chubin, 2003). Payton (2004) surveyed the IT field and foundthat the percentage of African
American IT professionals is shrinking: “While African Americans represented 10.9 percent of
the U.S. workforce in 2002, the percentage of African American IT professionals declined from
9.1 percent to 8.2 percent” (p. 4). She tiedthis under-representationto alack of role models and
a lack of networking opportunities and to misperceptions about the nature of IT careers.
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The lack of appropriate role models is compounded by females’ negative perceptions of com-
puters and computer-related professions. Clarke and Teague (1994) have tied historic reductions
in female participation in computing in Australia to negative public and classroom images of
computers-makingthe computer a kind of anti-role model for young women. Indeed, many fe-
males hold a view of computers as “boys’ toys” (Cassell & Jenkins, 1998, p. 14), and of the com-
puter-related professions as unwelcomingto women. Margolis and Fisher (2002) showed that
social, educational, and familial factors led young men and women to view CS and I'T asmale
domains, a view that makes young women feel locked out of computer-related professions and
serves as an attitudinal deterrent to the pursuit of IT degrees. Margolis and Fisher’s findings cor-
responded to American Association of University Women (1998) researchers’ findings that high
school females, even those who are frequent computer users, eschewthe “computer culture,”
making them less likely to pursue IT careers.

As further proof of this perception of the computer-related disciplines as male domains, Moorman
and Johnson (2003) surveyed 941 male and female U. S. high school students taking advanced
mathematics and CS classes about their computer skills, computing habits, likely college majors,
perceptions of CS, and perceptions of computer scientists. They foundonly 16.8% ofthe fe-
males, as opposed to 48.2% of the males, were interested in pursuing CS degrees. The research-
ers also found a similar gender gap in computer confidence, with 18.1% ofthe females and 54.6%
of the males ratingtheir skills as advanced. The authors concluded that students of both sexes
generally viewed CS as a male domain absent of female role models, which preventedthe fe-
males from seeingthemselves as fiture CS majors. Similarly, Cohoon (2007) has shown that
female graduate students in IT fields tendto have less confidence that they can achieve their edu-
cational goals and less confidence in asking questions in class than do male sudents. Madigan,
Goodfellow, & Stone (2007) have had similar findings with first-year CS students.

Just as many young women view the computer-related professions as a male domain that is un-
welcoming to women, many people of color view these fields as a “white” domainthat is unwel-
coming to minorities. AsPayton (2004) explained, the paucity of African American IT profes-
sionals leads young African American students to develop a “perception of IT as a career for
White males” (p. 4). She suggested that this perception helpsto perpetuatethe low percentage of
people of color working in IT jobs.

The good news is that providing positive female and minority role models can counteract these
negative representations and make computer-related careers seem more achievable. As Kekelis et
al. (2005) explained, “Role models help combat sereotyped images and also communicate infor-
mation about the work and the stepsneeded to prepare for a [CS or IT] career” (p. 18). Joshi and
Schmidt (2006) found female undergraduates to hold negative perceptions of IT related profes-
sions, but they showed that these negative perceptions are largely based in stereotypes and can
improve significantly with exposure and accurate information.

Having arole model isnot just about having someone to look up to; it is about having colleagues

in your community. In their book 7he Social Life of Information, Brown and Duguid (2000)
highlight the fact that information exists within a social context and, once that context is lost, the
information loses value rapidly. For example, a group that generates a document shares certain
background knowledge and beliefs. Since this knowledge and these beliefs are shared among
group members, it is not necessary to explicitly sate them in the document. However, if this
knowledge or these beliefs were to change, the document could not be undersood. Absent the
community, information ceases to exis.

In such communities of practice (Lave & Wenger, 1991) leaming results from working in a
community and in learning to speak the vocabulary ofthe community. Successful organizational
memories have been described, for example, for copier repairtechnicians (Orr, 1996) and mid-
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wives (Jordan, 1989). In these and similar cases, members of an organization learn by participat-
ing in the activities of the organization.

Implications for implementing role modeling as a component of the
framework

This research reveals the important of providing positive role models in order to change students’
mental models of IT. It suggests that providing female and mmority IT role models can show
students that women and minorities can and do enter computer-related professions, thereby break-
ing down their perceptions of IT professions as an exclusionary club for white males.

Curriculum Redesign

Females’ and minorities” mental models of the IT world also tend to include negative views of the
nature of IT coursework. A number of sudies have shown that curriculum redesign can increase
recruitment and retention ifthe redesign is based on students’ learning style preferences and so-
cial interests (Kirk & Zander, 2002). Lewis, McKay, and Lang (2006) have argued the impor-
tance of curriculum redesign in the recruitment and retention of female IT students. Geier et al.
(2004) have shown that curriculum redesign helps to reduce the minority student achievement
gap. Frieze, Blum, and Dias (2006) stressed that female under-representation is a social issue, not
an intellectual one, andthat the social support structures of the curriculum morethan the contents
of'the courses needto be changed in order to increase female student retention.

However, there are some course content changes that do result in increased recruitment and reten-
tion. Georgia Tech researchers have shown that making IT courses more clearlytied to using
technology to solving societal problems increases their appeal to both female and minority stu-
dents:

“At Georgia Tech, we created a new introductory course Introduction to Media Computa-
tion that teaches introductory comptter science in the context of manipulating media—a
useful application of computersthat sudentsrecognize. .. With the new course, we have
some 90% of the sudents succeeding at the class, including women and minorities—and
asking for more computing courses! The content of the new courses that we are creating
for these students is computer science, but by explicitly sarting from the computing, we
create a sequence that attracts a different and wider range of students.” (Guzdial, quoted
in Zur et al, 2005, p. 64)

Returning to Margolis and Fisher’s (2002) argument, curriculum redesign should also focus on
the building of social support networks. One method of achieving social cohesion is by building
the study and discussion of socio-cultural issues into the IT curriculum. Dudley-Sponaugle,
Goode, Schroeder-Thomas, and Trajkovski (2003) have found that introducing the topic of gen-
der and minorities in IT education and in the IT professions into general IT courses can provide
badly needed social support for female and mmnority sudents. Gasson and Agosto (2008) have
suggested that facilitating social interaction during academic work activities is especially impor-
tant for helping today’s undergraduates learn.

Little et al. (2001) showed that socio-cultural issues within the IT industry, including gender and
diversity issues, should be a part of any curriculum intended to attract and retain marginalized
groups, as “it is not enough for graduates to havetechnical capabilities; they also will work in an
environment with multicultural customers and clients” (p. 137). The authors explainedthat in
order for IT graduatesto be productive and successful in an increasingly diverse world IT market,
IT graduates mugt be able to:
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e “Beknowledgeable about the demographics of the workplace, especially as it concerns
cultural issues, including gender,

e Understand effortsto create successful team building with multicultural members and
trends of multinational outsourcing of projects,

e Showawareness of industry trends for cultural differences, especially as it may apply to
the use of workers in an immigrant status,

e Understand trade-offs of gender issues as they applyto team considerations,

¢ Be considerate of and attentive tothe perceptions of the user who may have cultural and
gender sensitivities” (p. 137).

The authors provided examples of classroom exercises that can be used to address each of these
crucial areas, areas often omitted from traditional IT curricula.

Blum and Frieze (2005) have argued that computer-related courses should not be limited to pro-
gramming skills but should present a broader view of computingto students. Finally, Zur, et al.
(2005) have shown thatthe IT gender gap is srongly tiedtothe content of individual courses and
that research-based course redesign can go a long way toward redressing the gap.

How should these changes be made? We argue that the responsibility for curriculum design re-
sides not just with the instructors but is shared equally by instructors and sudents. In Work-
Oriented Design of Computer Artifacts, Pelle Ehn (1989) notes that the design of systemsto func-
tion in complex situations, such as large technology-oriented companies or interdisciplinary de-
sign domains, requires a deep understanding not only ofthe application domain, but also of the
practice of the people who will use the systems. This belief is the core the user-centered design
approach that dominates the human-computer interaction community. We argue that this ap-
proach is also appropriate for curriculum design. A central theme of Ehn’s approach to design is
that the users and developers must work closely together. Ehn’s approach is sometimes called the
Scandinavian approach to design, or participatory design, as well as work-oriented design.

Implications for implementing curriculum redesign as a component of
the framework

A critical component of the Framework is careful curriculum redesign to incorporate socio-
cultural aspectsof IT into the undergraduate curriculum andto create course-based structures for
social networking and social cohesion among female and mmnority sudents. Such efforts can
make considerable headway into changing females’ and minority students’ mental models of IT.

Conclusion

The research underlying the Framework suggests that bringing studentsto IT work placesto ob-
serve IT managers working collaboratively and using information technologies to solve real prob-
lems that affect real people’s everyday lives can make IT careers much more attractive to young
women andminorities. An underlying goal of the Framework is to put female and mmnority stu-
dents into direct communication with active IT professionals who will serve as role models and
mentors. As aresult, students will come to see that most IT-related jobs are directlytied to solv-
ing real-life problems, and it will start them thinking about computer technology as ameans for
human problem solving and for collaborative work. The Framework couples these ideas of IT
mentoring and role modeling with the creation of ingtitutionally-supported formal structures for
enabling social cohesion and peer group building, Lastly, it suggests that support for all of these
measures must be built into to IT curriculum as well.
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Thenext step inthisongoingprocess will be to implement the Changing Mental Models Frame-
work at IST as atest case andto monitor its effects on female and mmority IT recruitment and
retention. It ishoped that it will lead to the development of an ongoing collaborative IT commu-
nity that will encourage young women and minorities to participate more equally in the increas-
ingly-important world of information technology, both locally at ISI' and beyond our College as
well. As Fountain (2000) has argued, making women equal players in the design of technology
will broaden the range of available technological applications, products, and practices, thereby
greatly benefiting our global society. The same istrue of bringing more minority students into
IT -related fields.
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