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ABSTRACT

Many social scientists conduct research on increasing the participation of women in computing, yet it is
computer scientists who must find ways of implementing those findings into concrete actions.
Technology for Community is an undergraduate computer science course taught at the University of
Colorado at Boulder in which students work with local community service agencies building
computational solutions to problems confronting those agencies. Although few Computer Science majors
are female, this course has consistently attracted a very large proportion of female students. Technology
for Community enrollment patterns and course curriculum are compared with other computer science
courses over a three-year period. All courses that satisfy public markers of design-based learning are seen
to have higher than average female enrollment. Design-based learning integrates four practices believed

to increase participation of women — authentic learning context, collaborative assessment, knowledge
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sharing among students, and the humanizing of technology. Of all the courses marked as including
design-based learning, however, the Technology for Community course is drawing the most significant
numbers of women from outside of the College of Engineering and Applied Science. We attribute that
success to the inclusion in the course of curriculum reflecting design-based learning and recruiting

partnerships with programs outside of the College of Engineering.

INTRODUCTION

In spite of the increasing importance of computing and information technology in our society, women are
participating in computing disciplines and careers at historically low rates. Although women represent
half of all college graduates in the United States, they receive only about 28 percent of all Computer and
Information Sciences bachelors degrees, down from 37 percent in 1987 (Barker, Weston, Garvin-Doxas,
& Jung, 2003; Camp, 1997; Knapp & Broyles, 2001). Yet even 28 percent is a misleadingly high figure,
since when certain computer and information science sub-disciplines such as instructional technology
and information science are removed from the analysis, the figure drops to only 22 percent (Barker et al.,
2003). Other factors also lower the percentage; for example, the more elite the institution, as judged by
the Carnegie Code (i.e., by number and level of graduate degrees it awards) and the larger the graduating
class, the fewer computer science degrees awarded to women (Barker & Garvin-Doxas, 2003; Camp,
1997; Cohoon, 2002; Vardi, Finin, & Henderson, 2003). While many social scientists study the
phenomenon at all levels of the “pipeline,” within institutions of higher education, it is generally up to

computer science professors to reverse this trend.

During the summer of 2000, the Department of Computer Science at the University of Colorado at
Boulder was invited to participate in the Anita Borg Institute for Women and Technology's Virtual
Development Center (VDC) (ABI, 2003). The VDC is a nationwide network of universities pledging to
offer technical courses in ways that promote the participation of women. The invitation was attractive to

us because, like its peer institutions, our Department of Computer Science has historically experienced
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low enrollments of women. We accepted the charge to design a “woman-friendly” course, but grappled
with what this might mean. This article is our report from the trenches, describing our intervention, a
multi-disciplinary course titled Technology for Community (Jessup, 2003) in which students develop
computational products designed to serve the needs of local community service organizations. The course
pedagogy is rooted in design-based learning, an area in which we had existing teaching and research
expertise. Into this we integrated four key approaches derived from the research literature: authentic

learning context, collaboration, knowledge sharing, and the humanizing of technology.

This article is organized as follows. We first review relevant research that might support faculty in
designing a “woman-friendly” course. We then define the course’s design-based learning pedagogy,
focusing on the features known to promote the recruitment and retention of women into technical fields.
We subsequently describe the Technology for Community course as well as the outcomes of our efforts
from the viewpoint of both the faculty and students involved. In the latter, we are helped by social
scientists involved in a National Science Foundation funded Information Technology Workforce research
project. We proceed with a discussion of implementation challenges facing faculty trying to promote the

participation of women in their courses then provide some concluding remarks.

Resear ch on Attracting and Retaining Women in Computing

The low participation of women in computing professions stems from both failure to enter and attrition.
As a result of both observable and subtle processes, girls begin very early to believe that computing is in
the “male domain” (Bryson & de Castell, 1996; Margolis & Fisher, 2002; Sadker & Sadker, 1994). Not
surprisingly, by the time they are in middle or high school, girls and boys begin to have strong attitudes
about “who does computing,” with girls often opting out (Dryburgh, 2000; Kirkpatrick & Cuban, 1998).
Girls and women who do take computer science classes in high school are not only a minority, but also

confront a male majority who believes they do not belong there, resulting in a male computing culture in
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higher education in which many women feel they do not or cannot belong (Beyer, Rynes, Perrault, Hay,

& Haller., 2003; Dryburgh, 2000).

Of course, many women do enter computer science programs, but nationwide, women leave them at
much higher rates than do men (Cohoon, 2001). Several factors combine to account for the greater
attrition of women who enter computer science. In introductory computer science courses, female
students perceive themselves as struggling more than their more experienced, and therefore better
prepared, male peers (Barker & Garvin-Doxas, 2004; Margolis & Fisher, 2002). This situation is
exacerbated by inadequate peer-mentoring relationships among female students due to low female
enrollment, the small number of female faculty role models, and lack of faculty-student mentoring
(Button & Sharrock, 1996; Cohoon, 2002; Haller & Fossum, 1998). Indeed, learning in introductory
courses is often individualistic, aligning collaboration with plagiarism (and grounds for failure) (Barker
& Garvin-Doxas, 2004). Yet research shows that women prefer collaborative learning environments
(Agogino & Linn, 1992; Felder, Felder, Mauney, Hamrin Jr., & Dietz, 1995; Strenta, Rogers, Russell,
Matier, & Scott, 1994). What is more, it is well established that all students learn more when they are
engaged in two-way communication with the instructor, collaborate with other students, and hear their
peers articulate what they are learning (Bransford, Brown, & Cocking, 2000; Cooper, Ayers-Lopez, &
Marquis, 1982; Forman & Cazden, 1985). Other research shows that many males have low experience
and limited opportunities for mentoring, yet are more willing to “tough it out” (Davis, Gregerman, &
Hathaway, 2003). Females, however, express low confidence, which as both Margolis’ and Fisher’s

(2002) and Cohoon’s (2002) studies show, precipitates a student’s decision to switch major.

The majority of computer science undergraduate programs use a “programming first” approach in the
introductory course, leading many students to believe that computer science is equivalent to
programming (IEEE/ACM, 2001). Women who take introductory courses as non-majors have “little

exposure to the conceptual and intellectual foundations that underlie the revolutionary technological

Page 4 of 37 (Jessup, Sumner, & Barker)



developments driving change throughout society” (ibid, p. 27). In addition, pedagogical methods and
assignments within these courses often privilege abstract principles, discussing, for example,
programming syntax rather than the human contexts in which an algorithm might be useful. Instruction
rarely takes place with genuine users or in contexts of computing application, that is, in real-life rather
than contrived applications, until the senior year. Yet research also suggests that women enter computing
study in order to apply computing to some human context (e.g., medicine or education) and that they are
less likely than men to be interested in the computer as a machine (Haller & Fossum, 1998; Margolis &

Fisher, 2002).

Several types of solutions are proposed in the literature to attract and retain women in computing study.
These include offering introductory or immigration courses which offer a broader view of the IT industry
or which accommodate different abilities at the early stages of the program (c.f., (Giirer & Camp, 1997;
Margolis, Fisher, & Miller, 1998; O'Leary, 1999)). Another common solution is to lay the groundwork
for student collaboration—benefiting all students, not just women—by requiring pair programming in the
introductory course and projects that are less gender-biased (Glirer & Camp, 1997; Margolis & Fisher,
2002; McDowell, Werner, Bullock, & Fernald, 2002; O'Leary, 1999). Ensuring that visible role models
are presented to students (e.g., guest speakers), faculty and student role models are available, and
improving student-faculty and student-student relationships through mentoring programs and support

groups are also recommended strategies (Borg, 1998; Giirer & Camp, 1997; Margolis & Fisher, 2002).

We have borrowed from some of the recommendations above as well as from the more general literature
on women’s preferences in building our “woman-friendly course.” We want to emphasize, however, that
‘women-friendly’ does not mean that the course we designed is compensatory; i.e. making up for a
deficiency in women (Howe, 1993; Muller, 2002). On the contrary, the course we created is founded in

the principles of design-based learning and embeds four key features that make up for a deficiency in
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many courses: authentic learning context, collaborative assessment, knowledge sharing among students,

and the humanizing of technology.

APPROACH: DESIGN-BASED LEARNING

As previously discussed, prior research suggests that many women appreciate and derive motivation from
understanding, a priori, the broader utility and potential applications for detailed technical knowledge.
Design activities readily support this type of contextualized learning due to the deeply intertwined nature
of working and knowledge creation during design (Kolodner, Crismond, Gray, Holbrook, &
Puntambekar, 1998; Sumner & Stolze, 1996). In his seminal books on design practice and design
education, Schon describes an action-breakdown-reflection cycle that underlies professional practice
(Schon, 1983, 1987). In this cycle, designers construct design representations until their expectations are
not met and they experience a breakdown in the current work situation. Breakdowns trigger the designer
to explore new ideas, fix problems, seek new information, or consider alternatives. In this way, they
present situated opportunities for learning and for the construction of new knowledge (Fischer, 1994). It
is when breakdowns occur that the motivation and need to learn are most apparent to the designer. Thus,
in design-based learning, skill and knowledge development activities are all situated within an authentic
problem-solving context where success is measured by the ability to produce a useful and useable

artifact.

Prior studies identify classroom practices that promote collaboration and knowledge sharing as
supporting the retention of women in technical disciplines (Barker, Garvin-Doxas, & Roberts, 2005).
Knowledge sharing is defined as formal and informal classroom practices that encourage faculty and
students to present their ideas to each other as works-in-progress for joint discussion and elaboration.
Barker, et al. argue that males often use discourse that functions to over-represent their knowledge; such
behavior can reinforce women’s perceptions that they are underperforming relative to their male

colleagues (ibid). Knowledge sharing interactions help to counteract these perceptions. Collaborative
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assessment and knowledge sharing are readily incorporated in design-based learning through the
inclusion of standard studio practices such as critiquing of works-in-progress. Such practices are
routinely used in design practice to overcome the ‘symmetry of ignorance’ (Rittel & Webber, 1973).
Coined by Rittel in the 1970’s, this ‘symmetry’ refers to an enduring aspect of realistic design projects
and highlights that the knowledge needed to complete a design is necessarily distributed across

interdisciplinary stakeholders.

Finally, as previously mentioned, research on the recruitment and retention of women in computer
science has claimed that aspects of the academic engineering environment are often perceived as being
hostile or alienating to women. Particularly problematic is the general impersonalization of the learning
environment: teachers often do not know students as individuals or even know their names, students
often feel isolated from each other, and students do not understand how their work may affect others
(Barker & Garvin-Doxas, 2004). Design-based learning can counteract impersonalization and humanize
both the classroom setting and the technology development process. Within the Technology for
Community course, the projects are more complex than any student can take on individually. Necessarily,
all work must be performed by teams of students working together intensely both within and outside of
the formal class period. Students within the teams learn to depend on, and count on, each other’s unique
skills and expertise. Additionally, in line with modern product design best practices, the course activities
are deeply rooted in user-centered design methodologies (Lewis & Rieman, 1993; Norman, 1986; Rosson
& Carroll, 2002). Such methodologies emphasize deep knowledge of the users and the problem context.
Thus, students spend significant time interacting with the project sponsor and other members of the
sponsoring organization over the course of the semester, or longer depending upon the project. These
external ties serve to deeply personalize and humanize the project as the student teams come to realize

the sponsor cares about, and is depending on, the final project outcomes.
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In summary, it is important to note that design-based learning courses differ significantly from our
“standard” computer science courses in several ways. First, learning is driven largely by the students’
own work agendas, as opposed to the teacher-developed course calendar. Second, course time is mostly
devoted to actively working on projects, as opposed to passively listening to lectures. Third, most
significant student work is collaboratively developed and assessed, as opposed to being the product of
students working individually. Fourth, the end product or final course deliverable is collaboratively
negotiated amongst the student team, the course instructors, and the community sponsor, as opposed to
being pre-assigned, with little give and take along the way. And finally, design-based courses almost
necessarily have a human dimension as user-centered design emphasizes understanding the needs and
goals of real clients as a primary objective; all artifact construction and other design activities serve this

people-oriented goal.

TECHNOLOGY FOR COMMUNITY

Technology for Community satisfies both elective requirements for Computer Science majors and project
course requirements for students enrolled in an interdisciplinary, multimedia certificate program called
Technology, Arts, and Media (TAM) (TAM, 2003). The TAM certificate program, open to all
undergraduates, requires that students take six courses: three that are project-oriented and three that are
theoretical in nature. Project-oriented courses feature significant opportunities for hands-on development
in project teams. Students acquire in-depth skill with high-end, software packages (e.g., Flash,
Photoshop) as well as some HTML programming, with the goal of designing and producing multimedia
materials both for self-expression and to serve clients. Programming courses (e.g., C++ or Java) are
optional and most students do not take them. Theoretical TAM courses are more focused on history,
communication theory, implications of media for society, etc. Enrollment in the TAM certificate
program is consistently more than half women. Technology for Community satisfies the “Invention and

Practice” requirement of TAM.
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There are no prerequisites for Technology for Community, and participants have diverse backgrounds in
terms of educational experience, major, and expertise with technology. In the course, students learn to
use software tools for such computational tasks as composing and editing websites and maintaining and
manipulating databases. Students also study user-centered design methodologies (Norman, 1986)
including the process of turning an idea into a useful software product and methods for evaluating that
product in terms of usability. The course’s design-based learning pedagogy is instantiated in three major
activities described below: 1) a Technology Innovation workshop, 2) a short skills-development

practicum, and 3) a semester-long project.

Technol ogy Innovation Workshops

Project ideas for Technology for Community are generated in community brainstorming workshops,
called Technology Innovation Workshops, held annually and facilitated by Anita Borg Institute staff
members. These workshops are the primary mechanism in the course for supporting the involvement of a

broad spectrum of women and for ensuring that the course projects reflect the priorities of women.

Participants in the workshops include technical and non-technical women from the Boulder community at
large, representatives of local community service agencies, a few interested academics, and the students
enrolled in the course. Each workshop takes place over two half-day sessions. At the workshop,
attendees visit the question “What services does your community need that it doesn’t have now?” Over
the course of the workshop, dozens of answers are articulated, ranging from the immediately practical (an
internet task/volunteer match system) to the outrageous (a transferable uterus) to the wholly impractical

(a conference center).

The interactions through which participants answer this question are carefully managed by a facilitator,
who first introduces a technique for listening without judgment. Surprisingly, many students take this

technique seriously, returning in the second day with reports of how they used the technique with their
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friends. This training sets up very early in the semester the value of listening to others and equips
students to do so. The facilitator also minimizes social status and hierarchy differences by deliberately
not asking participants to reveal their working identities till the end of the second day (e.g.,

undergraduate Computer Science major, director of a safe house for battered women).

It is during the community workshop that students begin to realize that the community members see them
as experts who can help to solve their very real problems. For their part, students report enjoying working
with the groups and seeing their classmates in this larger group environment, where they take on roles

outside of those of a typical student.

Immediately after the workshop, course instructors work with attendees to identify individuals and
organizations willing to sponsor projects over the next academic year. The potentially obtuse answers to
the workshop question are reshaped into project ideas. For example, “community-based technology
education” became an on-line tutorial for middle school students on using the Internet to do research.
These projects are then compiled into a list that students draw from when forming project teams. Over
the course of one or more semesters, the students work in groups to bring their solutions to product form
with faculty members and community sponsors serving as advisors. A particular strength of the
workshops is that they encourage participants to think beyond their workaday concerns: the resulting

project ideas have been creative, interesting, and broad in scope.

We note that, for the purposes of this course, “community service organization” is quite loosely defined.
Our clients have included a variety of non-profit and governmental organizations that provide aid or
education of some kind to the people of Boulder, Colorado. In particular, the Boulder Valley School
District has been an important participant, as have Boulder Senior Services (City of Boulder, 2004), the
Conference on World Affairs (CWA, 2004), and Thorne Ecological Institute (Thorne Ecological

Institute, 2004).
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ills-Devel opment Practicum: Setting the Stage for Learning from Each Other

In the first three weeks of the semester, students develop and apply their new computational skills by
creating “guest books.” A guest book is a dynamic website where users can enter or retrieve information
stored in a database. The guest book may have any purpose and design that the student chooses. Each
guest book is developed independently by one student; students, however, are encouraged to help each
other so that everyone can be successful in getting something working. For example, early one semester,
a female with web development experience came in late, looked around, recognized that students were
working together, and asked a Computer Science major if she could work with him. The two of them
used trial and error to work their way through a web-based tutorial, asking each other questions that
demonstrated not only what they knew and didn’t know but also their reasoning skills. Through this self-
imposed exercise, they realized that each had a kind of technical knowledge the other could draw on that
was distinct from their own. While this assignment is graded individually, the skills development
practicum is a collaboration in which students share their knowledge with and learn from each other. It is
not unusual for students to express frustration (sometimes loudly) and for others to help them sort out
their difficulties, often based on having just experienced something similar. This early course experience
allows students to identify the sources of expertise among their classmates and sets the stage for the
establishment of a collaborative environment where it is expected and appropriate that one will not know

all the answers and will ask peers for help.

A detailed set of web-based tutorials is provided, enabling students to develop their guest books at their
own pace. The guest book assignment is assessed collaboratively at the end of the three-week period
based on three criteria — implementation (does it work?), design (does the artifact reflect user-centered
design goals?), and demonstration (can the student articulate her design rationale in a well-reasoned
manner?). Students must demonstrate their guest books to the rest of the class, and the class votes for the

top two projects, with the winners each receiving a large chocolate bar. Thus students hear each other
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articulate what they have learned and developed in their own language, rather than in the more theoretical

language of their professors.

This assignment gives all of the students a common experience, a common vocabulary, and some degree
of proficiency with a common set of computational tools. The guest book represents a substantial piece
of individual work: for students who enter the course with little computational experience, designing a
website, creating the database, and hooking the two parts together is a major accomplishment. In
essence, the guest book assignment performs two important functions. First, it is a small practice project,
where students can gain confidence in their technical and design skills before starting to work with
community clients. Second, it offers an important social experience that enables students from different
disciplines to get to know each other and develop comfort learning from one another prior to the
formation of the semester-long project teams. Finally, the collaborative assessment creates the
expectation that students will put their work on display, manage their ability to do so, and acquire the

empathy needed to provide constructive criticism to other students’ work.

Semester-Long Projects: Authentic Tasks for an Authentic Learning Context

The remaining weeks are devoted to completing a computational project in collaboration with a local
community service agency. Representatives of the agencies meet with the students in order to refine the
project ideas generated at the workshop, and they later work with the students to test and evaluate
prototypes. To date, all of the projects have been web-based although that characteristic is not a
requirement of a course project. Projects can also extend longer than a single semester. Examples of

semester-long projects developed in the course include:

* A self-paced introductory tutorial about using Yahoo to search the Internet and send email for

Boulder Senior Services;
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* Games for simulating the ecology of a local marsh for the Boulder Valley School District,
targeting both fourth and eighth graders;

* An on-line events scheduling calendar for use by local non-profit agencies developed for the
Boulder Community Foundation, intended to minimize fund-raising conflicts across agencies;
and

* A web site to support the information and collaboration needs of Technology for Community
students, sponsors, and community members (Figure 1). Participants in the course can easily add

materials to the site to support project development.
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Figure 1. Student project: interactive course web site,
used to support community information needs and team
collaboration.

While most of the projects satisfy small scale needs of the client agencies, a local bank executive who is

very active in non-profit work expects the events calendar to save local non-profits $100,000 a year by
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reducing event-scheduling conflicts. The full set of projects is showcased on the course website (TFC,

2002).

Humanizing the Technology Learning With User-Centered Design

In building their projects, students learn and use a user-centered design process; i.e., one where design is
driven by the users’ needs and capabilities. User-centered design processes are rooted in the principles
that design is an inherently iterative, data-driven process, informed by early and continual involvement of
end-users and by successive formative evaluations (Gould, Boies, & Lewis, 1991). There are several
different flavors of user-centered design methodologies (i.e., task-centered (Lewis & Rieman, 1993),
scenario-based (Rosson & Carroll, 2002), and goal-driven (Cooper, 1999)). Each emphasizes a different
type of design representation as the central artifact guiding the process, but all draw on a similar suite of
design and formative evaluation techniques (e.g., (Lewis, 1982; Nielsen & Molich, 1990; Polson, Lewis,
Rieman, & Wharton, 1992; Wood, 1997)). We have experimented with each of these major
methodologies over the past three years, but, most often, the methodology used to guide the semester-

long projects is a simplified version of task-centered design.

Students begin their design process by interviewing the sponsor and other members of the sponsoring
organization, learning about their backgrounds and about what they want the product to do. These people
are often the users of the software being designed. We impress upon students that the focus of the project
is not about implementation, but about understanding what their users need. When they are first given
this part of the assignment, students are somewhat nervous because it is really driven home to them that
they know very little about the people and organizations for which they are developing a product. We

ask them what they need to know, and students reply “how they envision their solution,” “what their

9 )

facilities are, operating system, etc.,” “what software they have,” and even “who we are supposed to
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speak to” and “how involved they will be with us.” Thus, they understand the need to interview clients

and are able to come up with important interview questions.

From the interviews, the students formulate a list of tasks. A task is a statement of something that needs
to be accomplished that does not include information about implementation: a sample task for the events
scheduling calendar might be “Mary, the events coordinator for the ACME Public Goods organization,
wants to change the starting time for an event she posted on the calendar last week.” The collection of

tasks defines the functionality of the product.

Working from the list of tasks, the students research commercial products and websites, looking for
existing materials that relate to their projects. From those products, students borrow features and
functions (within the constraints of copyrights and patents). The value of this step is two-fold: borrowing
reduces development time and borrowed features that are already familiar to users help to reduce learning
curves for the new product. The students then sketch out a detailed design on paper (a “low-fidelity”
prototype) and proceed from the sketches to a rough computer implementation (a ‘“high-fidelity”

prototype.) See, for example, (Rudd, Stern, & Isensee, 1996) for more information about prototyping.

Students evaluate their high-fidelity prototypes using the thinking aloud technique (Lewis, 1982;
Tognazzini, 1992), which is one of the most common techniques used in usability tests. In thinking aloud
evaluations, the students observe a user trying to accomplish a task with the prototype. The user is asked
to speak aloud all of her or his thoughts about the prototype during the process. Almost without
exception, most of the user’s thoughts and decisions (and stumblings and errors) catch the students
completely by surprise. More than one student group has redesigned a prototype completely from scratch
following the first round of thinking aloud evaluations. Responding to the users’ actions and opinions

typically gives the students a sense of having accomplished a so-called authentic task that was
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meaningful in terms of real human needs. For example, one group testing a Flash animation intended to
teach senior citizens how to search for information using Yahoo learned in the first walkthrough that
their own perceptions of “usable and intuitive” were light-years away from those of their user. One
problem, for instance, was that their 75-year-old first-time computer user did not understand the
difference between an actual usable interface and a simulation intended to teach her how to use an
interface. Further, the elderly tester had physical difficulty with double clicking the mouse. The initial
prototype required double clicking for all navigation and so had to be redesigned. Later these students
reported that, although frustrating, these revelations were one of the most important lessons of the course.
Involving real users throughout the process adds human faces and voices to the technologies the students
develop. The steps of prototyping, evaluating, and correcting the projects are the building blocks of the
iterative phases of task-centered design. Students repeat these steps until they and the sponsors are

satisfied with the results.

The finale of the course is an evening devoted to project team presentations and demonstrations, where
students showcase their work to each other, the clients, and the community-at-large. In their
presentations, students show an explicit awareness of their disciplinary differences and the value of
collaboration. One student joked, “you can tell I’'m a computer science major and I made the slide,
because it says ‘system requirements’.” A student reporting on another project introduced one of his
team members, saying he “helped a lot with meetings, because he was better at talking to the end user
than the rest of us.” Having shown their work to clients many times, and having become accustomed to
showing their work to each other and getting feedback in class, students are well prepared for this

potentially intimidating event. This last activity of the course is an authentic experience that advances

students’ professional skills.
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Course Assessment

Knowledge sharing, collaborative assessment, and peer evaluation are carried out formally and
informally throughout the course. Guest books and project milestone results are discussed and evaluated
by all members of the class as well as by the instructor. Peer evaluation also plays a role in the
assignment of final grades. Those grades are assigned as about 85% work on the project and 15% on the
guest book. The project grade is determined in part by the instructor (30% of total), in part by the client
(10%), but mainly by the project group members themselves (45%). By means of an evaluation form that
poses several questions, group members are asked to evaluate themselves and their teammates with
respect to both effort and results. In reality, a well-functioning group with an ecstatically happy client can
expect high grades regardless of the other factors. It has not proven necessary to distinguish students
according to major, but freshmen and sophomores are graded by the instructor on a somewhat more
lenient scale than are upperclassmen: upperclassmen are expected to take leadership roles in the

projects, while lower classmen are often primarily learners.

RESULTSAND COMPARISON TO OTHER COURSES

Here, we consider in what ways the Technology for Community course is meeting its objectives to
promote the participation of women in technology design and development and to increase the number of
women enrolled in computer science courses and degree programs. To assess the impact of the course,
we examine enrollment patterns from Spring 2001 through Fall 2003 (five offerings over six semesters)
across all Computer Science courses. We also analyze project sponsorship patterns as well as feedback
from course participants. To better understand whether the impact is different across curricular models
and course types, we compare data from the Technology for Community course with those for other

Department of Computer Science courses.
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Enrollment Patterns

Between 2001 and 2003, a fairly steady 51 percent of the undergraduate students who have enrolled in
Technology for Community have been female. This is a remarkable percentage in the Department of
Computer Science where females have totaled between 11 and 16% of undergraduate majors during the
last 14 years and have averaged 13% during this time period. The student body in the course is also
diverse in terms of major: 44% of the 62 students have come from the College of Engineering, which
includes the Department of Computer Science, and 53% from three other Colleges on campus (Arts and
Sciences, Business, and Journalism and Communication). Thirty eight percent have been Computer

Science majors. Three percent of the students have not yet declared a major.

Public Markers

The high level of participation of women in the course indicates that Technology for Community is
providing a type of technical education that is appealing to women. To identify features of the course
that might contribute to its success, we compared it to other similar courses within the Department of
Computer Science. We defined similarity in terms of three 'markers' that are readily visible to students

making course enrollment choices:

1. The course description emphasizes learning about design theory and methodologies, i.e., the
cognitive and social models that underlie design activities and the processes for doing design, such as

task-centered design or scenario-based design.

2. The course description emphasizes developing externally sponsored group projects as a primary

course activity.
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3. The course is cross-listed with a department outside of the College of Engineering and Applied
Science (in addition to being as a Computer Science course), or the course is listed as satisfying a

degree or certificate requirement outside of the College.

The first two markers are visible signs of a course's emphasis on a design-based learning pedagogy. For
our purposes, we define a design-based learning course to be any course that satisfies at least one of these
two markers. The third marker signals a course's commitment to a broader perspective on computer
science beyond traditional disciplinary boundaries. Previous studies have also identified a broader view

of technology as important (Giirer & Camp, 1997; O'Leary, 1999).

As shown in Table 1, there are four elective classes offered by the department that satisfy these markers.
Educational Technology House covers some aspects of user-centered design and enables teams of
students to construct educational technology for faculty sponsors from across the campus. User Interface
Design teaches students about the processes, skills, and techniques of user-centered design; students
apply their skills in the context of semester-long externally sponsored design projects. Design, Learning
and Collaboration combines lectures on design theories and methodologies spanning computer science,
architecture, and urban planning with hands-on, team-based project work. A few other Computer

Science courses exhibit one of these markers; most have none of them.

All of these courses have a larger than average participation of women. In Table 1, enrollment is reported
for both undergraduates and graduates since several of the courses are listed with both undergraduate and
graduate sections and because graduates can also enroll in undergraduate courses. These four design-
based learning courses all have no course prerequisites, though some require permission of the instructor
in order to enroll. All are cross-listed with departments or programs that emphasize understanding the
role of technology in human society, cognition, and quality of life. All four courses are taught by faculty

members from the Department of Computer Science, two by women faculty and the other two by men.
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Table 1. Enrollment patterns in design-based learning courses

Percent Women Total # Course
Undergraduates | Graduates Students Cross-listing
All Computer Science Courses 13% 25% | e | e
Technology for the Community 51% 33% 62 TAM
Educational Technology House 36% | - 33 TAM
User Interface Design| 35% 41% 84 ICS
Design, Learning and Collaboration| 20% 50% 9 TAM & ICS

Key: TAM = Technology, Arts, and Media certificate program; ICS = Institute of Cognitive Science

certificate program

The third marker pertains to cross-listing of the course in a department or program with a greater
participation of women than in the Computer Science Department. The first three courses are cross-
listed with the TAM certificate program, which presently has a 56% female enrollment. The fourth is
cross-listed with the Institute of Cognitive Science (ICS) certificate program. That certificate is awarded
for the completion of a series of courses in the study of how human knowledge is acquired, stored, and
represented in the mind. The ICS program has a 42% female enrollment. As shown in Table 2, two of
the four courses have notable percentages of women from outside of the College of Engineering and
Applied Science according to their declared majors. Note that a typical Computer Science course
includes no women from outside of the college. We see that Technology for Community, which has
been particularly successful at attracting non-engineering TAM students, has a very large representation

of women from outside of the college.
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Table 2. Declared majors of enrolled women

Percent Women

within College | outside College
Technology for the Community| 23% 77%
Educational Technology House 92% 8%
User Interface Design 78% 22%
Design, Learning and Collaboration 100% 0%

Attracting New Computer Science Majors

These data suggest that the design-based courses are bringing more women to the study of computer

science. Interestingly, in interviews intended to elicit ways of improving the major, a female student not

enrolled in Technology for Community said

You might wanna look into why there's a lot more women in my computer design class
in the environmental design school. I don't really wanna generalize too much, but there

might be more leniency for artistic talents and, graphical, kind of.

programming there seems to be a tool to do something else.

The Technology for Community course has been particularly successful at attracting a large number of
women. However, since the course’s inception, there has not been a single case where the course has
contributed to recruiting a new woman into the Department’s Bachelor of Science program. This result is
disturbing, but probably not surprising. While the course is open to any undergraduate, at any grade level,
to date only 18% (11) of the students have been freshmen or sophomores. The remaining 82% are all
well underway in their chosen field of study and unlikely to change majors based on their experiences in

a single course. Of the 18% of freshmen and sophomores enrolling in the course, all but four have been
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computer science majors. Thus, the course has not created many opportunities for effective recruiting

into the program.

Project Sponsor ship Patterns

A broad goal of the course and the VDC is to increase the participation of women in technology design
and development. Clearly, having more female students enrolled in the course helps to satisfy this goal.
Another mechanism for increasing that participation of women is through project sponsorship. While
there are no formal requirements for how much time a project sponsor should spend working with the
students on a project, most Technology for Community sponsors meet with their teams several times a
semester and invest considerable time and energy into the projects. They are very much major
participants in the design process, reflecting the course’s emphasis on user-centered design

methodologies.

We compared the gender distribution of project sponsors in the Technology for Community and the User
Interface Design courses. Both courses are based around externally sponsored, semester-long projects
and include user-centered design methods and techniques as explicit components of the course
curriculum. Both courses employ the same mechanism for the formation of student project teams:
students state preferences for projects from lists compiled by the instructors. The instructors organize
project groups according to those interests with an eye on balancing of skills within the groups. The
courses differ significantly in how project lists are put together. In the Technology for Community
course, the list is the result of the Technology Innovation Workshop. In the User Interface Design course,
the list of projects is compiled from responses to a “Call for Proposals” in a widely distributed email

solicitation.

As shown in Table 3, most of the project sponsors in the Technology for Community course are female

(68%) which is a significantly different sponsorship pattern from that of the User Interface Design course
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(46%). Thus, it appears that the Technology Innovation Workshop, which is unique to Technology for
Community, is an effective mechanism for increasing the sponsorship of projects by women. The high
level of sponsorship by women in Technology for Community is also due to the large number of women

working in the community service sector.

Table 3. Gender of project sponsors

Project Sponsors

Total % Women

Technology for Community] 25 68%
User Interface Design| 26 46%
What the Sudents Say

We have student perception data from three sources: an end-of-semester survey administered campus
wide in all classes and observations and interviews by the social scientists working on the
aforementioned NSF-sponsored project. Every semester, students respond to open-ended questions about
aspects of the course as part of the campus-wide Faculty Course Questionnaire process; these
questionnaires are administered during the final week of classes every semester. In these questionnaires,
the students have reported that the most rewarding feature of Technology for Community is working in
multidisciplinary project groups. Computer Science, Fine Arts, and Journalism majors rarely have the
opportunity to interact with each other in their usual coursework. Over the course of the semester,
students come to recognize the diverse strengths of their project teammates and the variety of

contributions those teammates are able to make to the project.

In interviews conducted as part of the NSF-sponsored study, computer science majors were asked what

they would suggest to the Department to improve the major. Among other things, students indicated
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many of the features of the Technology for Community class. Students proposed making assignments
more realistic, interesting, and involving the kinds of human interactions they will have in their careers.

For example, one student said

Maybe make the programs in there interesting. Not just the same thing. I know it's just a tool to
teach you, but maybe take a little piece of a real-world kind of program, and make it so you can
really see how you're applying it. Make it more into application and maybe not just learning how,
'cause that's how I learn better is to take something and really apply it. 1 guess you're still
applying it if you're writing the program, but you're just applying it to like counting the words in

a document. That's just not very exciting.

Another said,

Put more of a human face to it... When you are in a comp sci class it’s, literally, you're
focused on the code, on the code, on the code. And I don't think you really get an idea
for what people are really doing out there. You think that as a programmer, you're gonna
go out there and you're gonna sit and write code eight hours a day. And that's not
necessarily the truth. You're still going to have to operate in a business environment.
You're still going to have to attend meetings. Just give them more of a realistic idea of

what being out there in the business world is.

A student interviewed specifically about the Technology for Community course praised the authenticity

of the experience:

It was the opportunity to actually do a real-world scenario, developing or helping a group
with a problem and solving it. It’s not like you’re in a classroom and you’re given this,

“Here you go, here’s your assignment. Complete it by this date. Get it done.” This was
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more of a real world application and none of the other courses really offer that kind of

experience.

In fact, students said that the goal of providing good quality products to the clients was inspiring, and
they were grateful that competition between students was not used to motivate their efforts. Further,
students felt a sense of accountability to their clients and worked harder to produce something

worthwhile:

We have a vested interest because this isn’t just a group paper we’re writing and handing
in at the semester. We’re making it for kids and we care that it isreally good. And, you
know, we know that their school is going through a hard time. [Student’s name] and I
were just talking last night. Kind of had an e-mail, phone conference, all three of us, and
we have one last content section to do and she said, “You know, this has got to be really
good because this is the thing they’re probably going to use most, so we’ve really got to
spend time going through step-by-step.” Whereas, maybe if we were doing just a group
project, no one’s actually going to use what we would’ve done. Just slap it up there, you

know.

As mentioned earlier, Technology for Community students report that the biggest challenge of the course
is learning to deliver a usable technical product to someone with little or no technical background. They
typically become acutely aware of this challenge during their first round of thinking aloud evaluations,
when they discover that their first design was perhaps not a good as they thought it was. In one end-of-
semester presentation to the community, a student that had been involved with the senior citizen group
said, “in the first walkthrough, we thought it was a disaster, but we realized as we went along that the
everyday language we use was not familiar to them.” Not only must the features of the product match the

abilities of the users, but also the students must find ways to present those features clearly to the users.
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Even the liberal arts majors in the course have grown up with some exposure to computers, while not all
of their clients and product users have. While these revelations are difficult to deal with, Technology for
Community students interviewed expressed appreciation for the authentic, real-world experience of
working with actual clients, as opposed to classes where the experiences were “prepackaged.” They
found surprising the varied range of clients’ motivations in working with computers and the range of
computer experience and interest in middle school students. For most, successfully finding language that
allows the students of different majors to communicate among themselves and with their community

service partners represents the biggest accomplishment of the course.

We find it very interesting that students’ comments, for the most part, focus on the ‘people’ aspects of
the course as being the most rewarding, enlightening, and challenging; i.e., learning how to collaborate
and communicate effectively with people from different backgrounds. In contrast, typical comments from
standard Computer Science courses focus on the course mechanisms and technical course content.
Universities within the VDC network are trying to get a handle on how participating in VDC programs
affects students’ perceptions of technology. The student comments imply that one way the Technology
for Community course may influence students’ perception of technology is to humanize technology

design by highlighting the value that people bring to the process.

Interestingly, students who were not computer science majors reported in interviews that the Technology
for Community course was like an introductory computer science course, and they believed that they
were exposed to “real” computer science. Unlike a more typical introductory course, however, these
students felt that the computer science majors and their computer science professors gave them great

encouragement and enabled them to be successful technically.
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DISCUSSION AND IMPLEMENTATION CHALLENGES

The study presented here can, at best, provide suggestions for concrete action toward increasing the
number of women involved in computer science. Specifically, the small number of students overall
precludes a definitive statistical analysis of observed trends. Furthermore, it is hard to decouple the
effects of the various factors influencing the participation of women: the four courses that we examine all
demonstrate at least two of the significant markers, and other external factors may further influence the
situation. Although much of the observation and interview data collected in this study are consistent
with the Carnegie Mellon study reported in Unlocking the Clubhouse (Margolis & Fisher, 2002), a more
comprehensive study including several universities might help to identify more critical factors.

Nonetheless, various strategies for attracting women have emerged.

The large percentage of women in design-based courses points to the appeal of that pedagogy (Agogino
& Linn, 1992). From the perspective of faculty members located in a College of Engineering, the task of
creating a 'women-friendly' curriculum can seem quite daunting. The essential elements of such a
curriculum are difficult to identify from the research literature. Studies tend to discuss particular
practices in isolation; e.g., women like to collaborate, women prefer to work on projects that are
personally meaningful, women students appear to benefit from knowledge sharing activities in the
classroom, etc. (Barker et al., 2005; Felder et al., 1995; Giirer & Camp, 1997; Margolis et al., 1998;
O'Leary, 1999). Design-based learning offers a coherent pedagogical framework to collectively address
these practices. Design-based learning also supports modern engineering educational standards (ABET,
2003). Alignment with recognized standards can be very important when introducing new courses into an
already full curriculum, as one of the challenges is to match course content with the goals of the

Department and the College.
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Once the content is in place, it is necessary to communicate it to the right group of people. That is, the
three course markers must be made public. An excellent course announcement advertised by good
advisors is an effective recruiting tool. We believe that an important factor contributing to the high
percentage of women from outside the College of Engineering in the Technology for Community course
was the effective advising service provided by the TAM program (Biros, 2002): its advisors actively
promoted the course as fulfilling the certificate’s project course requirement. Another valuable recruiting
tool may be to have Technology for Community students present their work and, especially, their work

processes and feelings about these processes to students taking non-major introductory courses.

An example of the importance of labeling is provided by one course not included in Table 1 entitled
“Things that Think.” This course has been offered during three semesters of the 2001-2003 timeframe
being considered. At first blush, the course appears similar in kind to the other four: students work in
teams to design and construct robots and automata that integrate physical and computational components,
and it has no prerequisites. However, this course does not satisfy any of our public markers identifying
design-based learning or a commitment to a broader perspective. That is, the course announcement
emphasizes the creation of artifacts rather than the design processes to be employed; projects in the
course are not externally sponsored; and the course is not linked to any other departments or programs. In
addition, as the title states, this course is concerned with ‘things’ rather than people, so it seems to lack

the human aspect of the other offerings.

In her book Feminism Confronts Technology, Judy Wajcman argues that a feminist view of technology
would recognize three layers of meaning: what people know about interacting with technology (using it,
repairing it, etc.), people’s practices surrounding the development and use of technologies, and a
collection of physical objects. We know from experience that “Things that Think” is an engaging and
innovative course, yet interestingly, the title points only to the latter of Wajcman’s layers, the physical

objects. It is interesting to note that the course has not attracted women participants substantially beyond
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the average percentages with only 17 percent female undergraduates and 16 percent female graduates.
These numbers are far below those of the four explicitly design-based courses. We propose that deficit
occurs because the advance information available to students does not explicitly include the human

practices and knowledge building present in the other courses’ titles and descriptions.

A final factor in raising the numbers of women involved is the inclusion of infrastructure that directly
promotes their participation. While, as instructors, we focus primarily on the student body, including
women as project sponsors is another way to garner women’s participation. Technology for Community
has had particular success in bringing women into the technical process in part because of its Technology
Innovation Workshops. We know that the direct identification of that course with the Anita Borg
Institute attracts female community participants, and that link may also be a further draw for female

students.

We close by examining the effect of these strategies as applied to Technology for Community on the
number of women in the IT pipeline. That course has, so far, not caused any non-technical women to
move into the Computer Science major. Rather, Technology for Community succeeds in bringing
women into the field of computer science at a higher level than they’ve previously experienced. Many
women who participate in the Technology Innovation workshops have virtually no technical experience.
Nonetheless they play an important role in developing the projects for the course. Indeed, their
importance in that task belies the trepidation that many of them express at their invitation to the
workshop. “I know nothing about computers, so I can’t possibly help” is not an unusual first response.
Some of those non-technical workshop attendees actually go on to be project sponsors and so immerse

themselves in a sophisticated project for a semester or longer.
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Many of the students are similarly promoted in the technical world. Most students successfully complete
the guest book, the development of which is certainly a substantial achievement for the non-technical
student. Even computer science majors can be challenged by that assignment as it involves technologies
that are not necessarily part of the mainstream curriculum. In fact, we have observed TAM students give
computer science students both design and technical tips for accomplishing that assignment.
Furthermore, many students in the course find that they need to learn new technical skills in order to
complete the community service project, and the structure of the course requires that students learn those

skills on their own.

It is worth noting that Technology for Community also provides a positive impact on the men of the
Engineering College. For many of them, this course is the only one in which they have the opportunity
to work with so many women as both project partners and project sponsors. At least some of these men
will pursue careers in areas without the great gender imbalance of the Computer Science major, so for

them, this academic experience is a good introduction to a more realistic working environment.

CONCLUSIONS

Technology for Community has succeeded in its goal of bringing more women into the world of
computer science. The enrollment of female students is large, and female community members are active
participants. We believe that some features of this course can serve as models for faculty trying to create

other courses that are appealing to women.

In particular, a design-based curriculum provides a coherent framework for such a course. In a sense, it
is an all-in-one package, providing academic legitimacy and pedagogic coherency delivered in a ‘women-
friendly’ style. Technology for Community also demonstrates the importance of emphasizing a human

aspect to course content: students find it very satisfying to do good work for others. It is an authentic
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task in which students truly share their knowledge with each other and learn to value their peers’

critiques.

Further, the course illustrates the value of partnerships with external organizations capable of attracting
and recruiting women. Our partnerships with the TAM program and the Anita Borg Institute enabled us,
as engineering instructors, to focus on the part of the solution we are best equipped to address: course
design and teaching. We believe external partnerships are particularly important for individual faculty
members trying to positively impact the participation of women in IT education while simultaneously

attending to other teaching, research, and service duties.

Technology for Community is thus the result of a good mixture of nontraditional academics and broad
institutional support. The result of this combination is a true melding of technology and community, just

as the course name implies.
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