Undergraduate Women in Computer Science:Experience, Motivation and CultureAllan Fisher, Jane Margolis and Faye MillerSchool of Computer Science, Carnegie Mellon University5000 Forbes Avenue, Pittsburgh, Pennsylvania 15213Abstract1For the past year, we have been studying the experiences ofundergraduate women studying computer science atCarnegie Mellon University, with a specific eye towardunderstanding the influences and processes whereby theyattach themselves to or detach themselves from the field.This report, midway through the two-year project, recapsthe goals and methods of the study, reports on our progressand preliminary conclusions, and sketches our plans for thefinal year and the future beyond this particular project.1. BackgroundThe goal of our project has been to understand women�sattachment and detachment from computer science, and tofind ways for CMU to intervene at the undergraduate levelin favor of gender equity in computer science. Women areunderrepresented in computer science at CMU and in otherhigher education institutions across the nation: for example,they receive 18% of the bachelor�s degrees in CS at the top12 research departments [1]. Since computers and informa-tion technology play an increasingly pervasive role in edu-cation and careers, this underrepresentation is critical, notonly for the women whose potential may go unrealized, butalso for a society increasing dependent on the technology.Clearly part of the low representation of women in CS atthe undergraduate level is inherited from the secondaryschool level, where girls do not participate in computerscience courses and related activities as much as boys [7].There is a gap between male and female enrollment in highschool computer science courses that increases as studentsprogress from introductory to more advanced CS courses[8]. Females have been only about 12% of AP computerscience AB exam takers over the past five years (CollegeBoard, private communication). As we learn more aboutthe different ways that students attach to and detach fromcomputer science, we will apply the lessons learned to thedesign of pedagogical, administrative, and social methodsaimed at both attracting and retaining women students.This paper reports our findings in the initial phase of ourresearch. This part of the research is based on gatheringstudents� accounts of their histories and thoughts aboutcomputer science. We have been studying students� percep-tions of attachment and detachment from the discipline. Inorder to conceive of the most effective interventions, we areworking to understand the relative importance of the factorsthat have the greatest bearing on the low numbers ofwomen in the field.

To appear in ACM SIGCSE Technical Symposium, Febru-ary, 1997.2. Ethnographic MethodologyWe have been using ethnographic methods [4,5], with in-terviews being the primary source of our data. We regardthe students as expert witnesses in their own world, and tryto ask the questions that will enable them to best elucidatetheir thoughts about computer science. It is then up to usto note significant themes and patterns. We are not testinghypotheses, but rather are generating testable hypothesesabout students� attachment and detachment.ParticipantsThe participants of our study are:1. CMU Computer Science male (29) and female (20) stu-dents (first-year to senior);2. Two selected samples of female non-CS majors: 9 stu-dents doing well (receiving an A at midterm) in a non-majors� programming class.Analyzing the DataEvery interview is tape recorded. The interviews are tran-scribed and the transcripts are entered into HyperResearch, acommercial computer program developed to assist inqualitative data analysis. After coding the interviews forevents and themes, the coder writes what we call a�narrative summary.� This is our attempt to keep the par-ticipants story as whole as possible, to avoid �contextstripping.� We have worked very hard negotiating the ten-sion between presenting our data as full portraits and thealmost necessary �fracturing� of the data into discrete ele-ments so that we can detect patterns across groups and cate-gories (see [4, p. 63]). ReliabilityWe are aware of the risk of compromised data analysis andwe are continually asking ourselves how can we get themost accurate and detailed picture of the situation. We havethree main defenses against drawing biased or unwarrantedconclusions. First, we are refining the coding scheme to afine level of detail, which tends to decrease the subjectivityof the classification of elements of students� accounts.Second, the cross-disciplinary makeup of our research teamhelps to expose implicit preconceptions. Finally, we willbe holding regular focus groups this year to continuallyreturn to the participants, and other groups of CS students,to double-check what we are hearing and hypothesizing. 3. Initial FindingsIn this section we briefly discuss our �working hypotheses�from the first year of interviews.Gender Gap in Previous ExperienceDuring the interviews with first-year CS students, many ofthe women speak of feeling less prepared than the otherstudents in the department. To obtain more insight intothis issue, we distributed a survey questionnaire to all first-year CS students regarding their experience and knowledgeof computers prior to attending CMU. Our study confirmsa significant gap between male and female prior experience, noted in other studies as well [2,3]. It is notable that 40%of the male respondents from the CMU first-year classpassed the AP exam, thereby placing out of the CMU in-troductory level computing class. None of the first-yearwomen placed out. Also, we found a correlation betweenfemales students� sense of feeling less prepared and theiractual experience with computers prior to CMU.Gap Between Perceived and Actual AbilityDespite this difference in how students evaluate themselves,there is a gap between women�s perceived ability and theiractual performance. Despite their modest estimates of theirown standing in the class, three out of the seven first-yearstudents made the Dean�s List (which turned out to be aboutthe top third of the class) in the first semester, and six ofthe seven women made a B or A average for the first year.Hacking Not a Prerequisite for SuccessMany of the female students have entered the departmentwith very little computer experience, yet they do well.Their stories counter the suggestion that prior computingexperience is necessary to do well in undergraduate com-puter science. Their stories of success raise some challengesto widely-held beliefs of who does computer science. Theirsuccess is not without costs, though -- they often gothrough a very difficult period of adjustment, facing tremen-dous self-doubt and feelings of isolation and inadequacy.Nonetheless, it is clear that one need not have been a highschool hacker to major in CS. Our findings have become animportant talking point for prospective students, and mayhave contributed to the improved recruitment of womenstudents for the coming year.Confidence Gap NarrowsBased on the gender gap in previous computing experience,it is not surprising to find a difference in the confidencelevels of male and female first-year students. Female firstyear students report themselves as being significantly lowerin computing experience, preparedness for their computerscience courses, and ability to master the course materialthan the males. In contrast, in response to a first semestersurvey, the males� stated confidence is quite high. For ex-ample, 53% of the men rated themselves as highly preparedfor their classes, whereas none of the women rated them-selves as highly prepared. 50% of the men reported them-selves as having an expert level of at least one program-ming language prior to CMU, whereas none of the womenreported themselves as having an expert level of knowledgeof a language. We have heard in the interviews how thisgender gap in confidence affects the women students� expe-riences in the program. In our first-year interviews femalestudents commonly refer to how much more other students(males) know, and question whether they belong.What we were surprised to hear from the upperclass womenwas that confidence seems to rise, rather than fall, aswomen progress through their junior and senior years. Thisis contrary to the findings of studies from other disciplines.Junior and senior women talked to us about a leveling proc-ess, which occurs as the course material gets more difficultfor everyone by the junior year, and as women�s hard workand discipline has paid off. We asked first-year students andupperclass students to rate their feeling of preparedness fortheir CS classes compared to classmates, and their ability tomaster the course material, for their first semester and theircurrent semester. For both groups, those students who feltleast prepared at the beginning experienced the greatest in-crease in feelings of preparedness over time. Women ratethemselves lowest in initial feelings of preparedness, andshow the most increase (1.1 rise in preparedness for first-year women on a scale of 1-5, versus a .3 rise for men.) Ifwe continue to hear this, as we interview more students,this finding could be very important for increasing women�sconfidence about themselves in this field.Attachment Begins at HomeResearch on women in the sciences has highlighted theimportance of family influence on students� exposure to andinterest in majoring in the sciences [9]. Our interviewscertainly confirm this. Most of the students, male and fe-male, were first introduced to computing by a parent whoeither works on computers themselves or brings one homefor the child. School is almost incidental, except in a fewcases. Male students, with only a few exceptions, re-ported owning their own computer, or having the familycomputer in their room, by an early age. Only one of theseven first-year women reported having her own computerprior to CMU.While females are also influenced by a parent at home, wehear a difference between the females and males that webelieve to be important and deserving of further inquiry. Females� stories are filled with descriptions of watchingtheir dad work at the computer, or having their older brothershow them how he programs the machine. From there,their interest is sparked, and some do become active incomputing activities in high school, but their participationis much more qualified than the males�. There seems to beless tinkering, less unguided exploration and less obsession. Indeed, even the female who was president of her highschool computer club, says in reference to computing, �Inever really got totally into it.�Males: Computers as the Ultimate ToySeveral males describe epiphany moments from their earli-est (before 10) computing experiences, sometimes receivingthe sense that this is what they wanted to do for the rest oftheir lives. They become consumed early on and their com-puter activities become a consistent part of their identity.One student answers the question �Can you tell me howyou got interested in computers?� this way:Well, I think it was sometime in middle school, sixthgrade about then, my dadborrowed a computer from afriend, it was an old black and white Macintosh, justtotally self contained one unit thing, and I rememberjust playing with that all the time and trying to figurestuff on it. And that got me really hooked ... I wasreally getting into figuring things out on computersand I just knew that that was going to be somethingfor me.Other male students respond likewise: I started playing around with computers before I canremember...I think I supposedly knew how to type ona machine before I could write....I liked to play games a lot when I was growing up onthem. They just seemed to be really integral to how Ilike to express my creativity....But I like just what a computer can do. I don�t knowwhy it interests me so much...They say kids like totake things apart and see what makes them go and I dothat a lot....My mother brought me a computer back in Alabamawhen I was four years old and I guess ever since it has been me playing video games, thinking �WOW, howdid they do that�?The male narratives are filled with descriptions of the com-puter itself as an alluring object. The computer is the ulti-mate toy and they get �hooked.�Females: Computing with a PurposeThe female stories have a very different sound: When thefirst-year females talk about their personal history withcomputers, their narratives are not filled with long and de-tailed accounts of all the different activities they have doneat the computer. They do not describe years of unguidedexploration. They contextualize their interest in computerscience, instead, within a larger purpose: what they can doin the world. One female student who talks about her�lust� for technology, continues to explain that she is �notinterested in the nitty-gritty of computers�, but sees herselfas �exploiting� the department --- getting all the computerknowledge she can, to then be able to apply it to puppetryand art. The women we are interviewing describe computersas a tool to use within a broader context of education,medicine, communication, art and music.What I would really like to do is teach...would like tominor in education and how computers affect educationand what is the most efficient way to use them in edu-cation.I really wanted to get people together...how can thischange the world as we see it today. You can get peo-ple together. You can provide information. I think with all this newest technology there is somuch we can do with it to connect it with the sciencefield, and that�s kind of what I want to do(study dis-eases). Like use all this technology and use it to solvethe problems of science we have, the mysteries.�You tend to think of computer scientists as people thatsit in front of computers all day...doing netscaping,that sort of thing. I can�t stand doing that. I have tobe actually making something, something productive,or I get depressed.This is not to say that women totally lack interest in thecomputing process itself. Female students describe com-puting as enjoyable, interesting and �hard but fun.� Two ofthe women who had previous work experience in comput-ing lab environments describe the experience as �awesome.�But, most of the women talk more about the uses of com-puting. We have also heard older males, as they progress inthe program, articulate more interest in the larger context ofcomputing.Computer Science: An Acquired TasteRather than epiphany moments as described by the males,females stories seem to reflect a process over time, inwhich their interest in computers evolves. Due to the vari-ety of obstacles girls/women find in their computing path,it may take women more time to be drawn to computers(Sheila Tobias, personal communication). Developing aninterest over time was expressed by one of the first yearfemale students:My dad’s always been into computers... We always hada computer in the house. It’s always been like, we al-ways like tinker around with them, play games, stufflike that. I never really got totally, like totally into it.I never started programming. But, I don’t know, I justkind of found that I really enjoyed working with com-puters over time... So now I am here and I get it morethan I would have. And I’m pretty good at like foolingaround with something and just kind of getting it towork, I guess you can say.Similarly, an international woman senior student, who hadno computing experience at all prior to coming to CMU,described her experience with computing as �an acquiredtaste.� As she progressed in the program she became morecomfortable in the department and with the course work andactually developed a new-found interest in the field. Thiscertainly speaks against the notion that women are cogni-tively ill-equipped to do CS. Rather, it bolsters the notionof cultural artifacts that stand in between women and com-puting. Decision to Major in CS: Love and PragmatismReasons for becoming interested in computer science andselecting it as a major differ among the men, Americanwomen, and international women in our sample. We askedthe students both why they became involved in computing,and why they chose CS as a major; the most salient reasonscited are plotted below as percentage citing a reason for ma-joring vs. percentage citing it as a reason for attachment.As Figure 1 shows, all of the men interviewed cited an in-trinsic interest in computers and computing as a reason forbecoming involved in the field. While they cited a numberof other factors (notably games, classes and the influence ofpeers) for their initial attachment, interest alone was theprimary driver of their decisions to major in CS.American women, while also citing intrinsic interest as amotivator, rank class experiences and their sense of thepromise of the field and its future high among reasons formajoring. It is interesting to note that while they reportedencouragement from family and teachers as reasons for at-tachment, these do not rank high in terms of reasons formajoring. Also notable is that few cite games or peer in-teractions as reasons for attachment.Perhaps the most interesting finding in our interviews con-cerns the international women. Among this group, prag-matic factors (employability, the image of CS as a prag-matic choice among math, science and engineering-relatedfields) dominate both attachment and choice of major.While all of the US students cited interest as a reason for

Men peersgamesclassgood at itinterest02 04 06 08 01 0 002 04 06 08 01 0 0a t t a c h

decide

Figure 1: Majoring vs. Attachment (Men) attachment, fewer than 60% of the international students didso. This stands in sharp contrast to Seymour�s findings thatinterest above any other factor is critically important inretaining women in the sciences [9]. Whether this contrastis due to cultural differences and/or to the circumstancesunder which international women find themselves studyingin the US bears closer study.

US Womencombineexciting fieldinterestclassencouraged02 04 06 08 01 0 002 04 06 08 01 0 0a t t a c h

decide

Figure 2: Majoring vs. Attachment (USWomen)

International WomenencouragedMSE-relatedpragmaticinterest02 04 06 08 01 0 002 04 06 08 01 0 0a t t a c h

Figure 3: Majoring vs. Attachment(International Women)Perceptions of the FieldA large fraction of the CS experience in the first year isprogramming. Upper class students comment on how theyrealized in their Junior and Senior years that Computer Sci-ence is more than programming, and they often expressrelief at that. First- year students who have had the benefitof hearing from upper class students, and who have regularcontact with faculty first-year advisors, also seem to knowthat programming is not the be-all and end-all. But, outsideof the School of CS, we hear students� beliefs that com-puter science is programming.Students from the Information Science major, who sharemuch interest in computers and computing, state their dis-interest in Computer Science largely based on the emphasison programming in the CS curriculum. Women studentswhom we interviewed in the non-major introductory pro-gramming course (from a variety of fields) describe theirfear, dislike, intense anxiety, disinterest in programmingwhen they began the class. Most of these students expressan awakening in the course to the fact that programmingcan actually be interesting and satisfying to understand. Butmost are not motivated to continue to a deeper level, andthey associate the CS major with programming.Geek Mythology: Lore about Being in CSInterviews with all students are filled with local lore andimpressions about CS and about the CMU department inparticular. The beliefs we hear over and over again are that:¥ computer science students have a single-minded focus andtalk incessantly about computing¥ CS is the department with the really smart students¥ the work load is extremely heavy (with special emphasison the amount of time that it takes to complete program-ming assignments)The stereotype is clearly the myopic, narrowly focused,young male who sits at his computer all day. This is howone of the female CS students describes this type of studentand how they affect her:I ask them, �How can you sit in front of a computerfor eight straight hours and then when you go homeyou start to play on computer games again?� And thenthey say, �oh, because it’s fun.� I say, �don’t youspend time with your friends?�, and they say, �no, Ijust like sitting in my room and just play thesegames.� So I just felt really different because, I don’tknow, I don’t know... if you want to major in com-puter science, what you are supposed to do? Like justplay on the computer all day? I don’t, so I felt differ-ent.It is important to note that most of the CS students (bothmale and female) we interviewed feel they do not match thestereotype: their interests are varied (including sports, thea-ter, poetry) and not isolated to computer science. The gapbetween reality and stereotype of the qualities needed to be asuccessful CS major and who CS majors are is importantto analyze, because the stereotypes work against genderequity. If we can dispel the perceptions of most CS stu-dents being immature males who burrow into their comput-ers for all forms of satisfaction, there is hope for progress. Climate IssuesFrom our interviews we hear a tension between somewomen who believe gender to be a non-issue, and otherwomen who feel disrespected in the department because oftheir gender. The former group feel experienced at handlingmale environments, feel at ease, and believe attention togender is unnecessary. The latter group of women describeconcerns and/or unhappiness about the male environmentand/or the way they are treated. For instance, one first-yearwoman describes unwanted romantic attention when she istrying to complete her assignments in the computer lab;another describes her alienation from the culture of CS,which she attributes to testosterone run amok.

Peers

It is not unusual for a woman student, within one semester,to report differing impressions: that most of her male peersare willing to help, and that male students make her feel sostupid when she asks them a question. Several of thewomen talk about the male students knowing so muchmore than they do. We asked every student for their views on why there are sofew women in computer science. As we understand theircomments at this point, we have found some of the maleinterviews to be particularly provocative. Many of themhave concluded, from their school and family experience,that women just aren�t interested in the subject the waymales are. Most of the males describe school classes withonly a very few women, and families where mothers are�unable to plug in the machine� etc. One male studentadded that he doesn�t think he has had a computer conversa-tion with a girl in his life. We wonder how this socializinghistory may influence male students� attitudes towardswomen students and faculty in the program.

Faculty andTeaching

While one upperclass student who had transferred out of thedepartment reported negative experiences with an unsuppor-tive and unhelpful professor, most of the female studentseither have felt supported by the faculty, or have not voicedany complaints. It is not clear to us whether the disparitybetween this finding and the commonplace occurrence ofbehavior discouraging to female students in other studies isdue to a favorable environment at CMU, failure of the stu-dents to notice those behaviors, or the peculiar effects ofespecially low ratios of women in classes. We will need tocarry out more classroom observations and focus groupdiscussions to clarify this point.4. Conclusions and Next StepsAs we work forward from these observations toward a pro-gram of interventions, the three sets of issues we will beworking to elucidate are those surrounding individual andcultural conceptions of computer science, those involvingpedagogy, and those involving institutional culture. In allcases, we will be working to sort the essential features ofcomputer science from the accidental (and perhaps harmful),and to understand how perceptions and misperceptions areformed and influence students� decisions. We will be ask-ing how we can improve both the reality of the computerscience program and its culture, and the accuracy withwhich they are perceived by computer science students,other students and prospective students.A key question that pervades students� accounts of theirrelationships with computing is their understanding of thenature of the field, in both its intellectual and social as-pects. Considering that a wide range of conceptions ofcomputer science exists among faculty, what about the na-ture of the field gets translated to existing and potentialfemale and male students? Among the issues that seem todeter women from pursuing computer science is the concep-tion that it is narrowly focused on programming and othertechnical issues, and that people who enter CS are forced (orchoose) to be narrowly focused themselves. Even studentswithin CS carry this stereotype of others, while denying itapplies to them. In our ongoing study, we will work toelucidate these issues, and to develop ways of communicat-ing the �big picture� earlier and more accurately to first-yearand prospective students. Part of this effort will be to sharpen our picture of the CSeducation process and ways in which it could be improved.If women prefer to learn about the computer in a purposefulcontext (i.e. �programming for a purpose, not just to pro-gram�), does the curriculum respond? Are assignmentsmore in line with what seems to be young male desires,such as focusing predominantly on the machine? Althoughthe department has made improvements, it is arguably stilltrue that the early curriculum (here and nationwide) fails topaint a complete picture of the field�s possibilities [3,6].We are also aware of the possibilities of different pedagogi-cal approaches to programming [10]. One question we areanalyzing is whether females and males differ in their cogni-tive preferences in programming.Another issue we plan to address is the prevailing concep-tion of gender in CS among the student body. The onlysignificant �chilly climate� issue raised in our interviewsconcerns the attitudes of fellow students. This is a delicateissue, posing substantial risk of backlash against clumsyconsciousness-raising efforts. In seeking effective means ofshifting the prevailing culture, we will be asking studentsabout the roots of their assumptions about women andcomputer science, and about experiences that have changedor might change them.AcknowledgmentWe gratefully acknowledge the support of the Alfred P.Sloan Foundation.Bibliography1. Andrews, Gregory R. (1996). �1995 CRA TaulbeeSurvey: New enrollment in Ph.D. programs drops,�Computing Research News, March, pp. 6-9.2. Kersteen, Z., Linn, M., Clancy, M., & Hardyck, C.(1988). �Previous Experience and the Learning ofComputer Programming: The Computer Helps ThoseWho Help Themselves.� Journal of Educational Com-puting Research, 4(3): 321-333.3. Martin, C. Dianne, ed. (1992). In Search of Gender-Free Paradigms for Computer Science Education. ISTE.Eugene, OR. 4. Maxwell, Joseph A. (1996). Qualitative Research De-sign: An Interactive Approach. Sage Publications,Thousand Oaks, CA.5. Miles, Matthew, and Huberman, Michael. (1994).Qualitative Data Analysis, 2nd edition. Sage Publica-tions, Thousand Oaks, CA. 6. Rosser, Sue V. (1995). Teaching the Majority. Teach-ers College Press, New York.7. Sanders, Jo. (1995). �Girls and Technology: VillainWanted�. in Teaching the Majority, Sue V. Rosser, ed.,Teachers College Press, pp. 147-159.8. Schofield, Janet Ward. (1995). Computers and Class-room Culture. Cambridge University Press, New York.9. Seymour, Elaine and Nancy M. Hewitt. (1994) TalkingAbout Leaving. Factors Contributing to High AttritionRates Among Science, Mathematics & Engineering Un-dergraduate Majors: Final Report to the Alfred P. SloanFoundation on an Ethnographic Inquiry at Seven Institu-tions. University of Colorado. Boulder.10.

Turkle, Sherry and Seymour Papert. (1990).�Epistemological Pluralism: Styles and Voices withinthe Computer Culture.� in Signs: Journal of Women inCulture and Society. 16(1), 128-157.