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Abstract

The proportion of computer science (CS) bachelor’s
degree recipients who are women has consistently
been small and is declining. This study investigates
factors that predict performance and persistence in
an undergraduate CS program and explores why
even  high-achieving  students  leave  the
undergraduate “CS pipeline.” The factors that predict
achievement and retention sometimes interact in
complex, unexpected ways. Male students who
earned less than a B in an introductory CS course
were more likely to take the next course in the
curriculum than were women who earned less than
a B. Achievement is a factor in even high-achieving
students’ decision to leave CS; loss of interest can
accompany loss of confidence. Level of
achievement was predicted by various background
factors including Scholastic Aptitude Test scores,
the number of Calculus courses taken before
entering the CS program, amount of access to a
computer at home, prior computing experience, and
having a mentor or role model during high school.
Most of these factors also predicted persistence
beyond the first two courses required for a CS major.
Curiously, women in the introductory CS course who
reported having low exposure to specific
programming skills outperformed women who
reported having a high level of programming
experience. The reverse was true of men. Further
investigation provided evidence that women who
develop programming skills while in high school
might do so at the expense of developing other skills
that strongly predict CS achievement, particularly
math skKills.

ACM Categories: K.3.2

Keywords: Gender and Computer Science
Education, Achievement and Retention of Students
in an Undergraduate Computer Science Program,
Under-Representation of Women in Computer
Science.

Introduction

According to the Bureau of Labor Statistics’
Occupational Outlook Handbook, 2004-05 Edition,
employment of software engineers, systems
analysts, database administrators, and computer
scientists is expected to grow much faster than the
average growth rate of 10 to 20 percent through
2012. Employment of computer programmers is
expected to grow more slowly, at about the average
rate, with job prospects best for “college graduates
with knowledge of a variety of programming
languages and tools” (BLS, 2004). Hence, the
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demand for computer specialists in various areas is
on the rise, as is the standard that computer
programmers will have to meet in order to be
competitive. Undergraduate computer science
programs are challenged to turn out students who
can meet this standard.

Unfortunately, while the demand for competent,
versatile technology professionals is increasing, the
2002-2003 Taulbee Survey  shows that
undergraduate enrollment in computer science (CS)
and computer engineering (CE) programs
decreased significantly from 2002 to 2003 and is
expected to decline further—most likely because the
dot-com crash and move of more technology jobs
overseas have made CS and CE less attractive to
undergraduates (Zweben & Aspray, 2003). Although
CS/CE enrollment levels are still considerably higher
than they were before the dot-com era, there will
nonetheless be a shortage of competent college
graduates who will be qualified to fill the increasing
number of information technology (IT) jobs predicted
by the Bureau of Labor Statistics (2004).

It is frequently noted that the IT labor shortage could
be resolved if more women chose to pursue a
technology-related profession and persisted in post-
secondary computer science programs. In addition,
increasing the representation of women in CS would
help to ensure that diverse perspectives are going
into the development of technologies that can be
used by a wide range of people (Roberts, 2003;
cited in Beyer et al., 2003). Unfortunately, though,
the dearth of women in IT, and disproportionate loss
of women from undergraduate CS programs (relative
to men) are well-documented phenomena (Camp,
1997; Camp et al., 1999; Crews & Butterfield, 2003;
Freeman & Aspray, 1999; Girer & Camp, 2002;
Myers, 1999; NSF, 2000). Statistics available from
the U.S. Department of Education show that, from
1993-1994 through 1997-1998, the percentage of
women earning bachelor's degrees in computer
science decreased to a low of 26.7% (NCES, 2001).
This drop in female CS bachelor’'s degree recipients
stands in contrast to the steady growth of women
earning degrees in other sciences and in
engineering. According to Camp, Miller, and Davies
(1999), the “incredible shrinking pipeline” of women
in CS is a trend that is likely to continue.

These nation-wide trends in decreased recruitment
of women, and low retention of both men and
women in undergraduate CS programs, are reflected
in the Department of Computer Science at the
University of Pittsburgh. In an on-going study of the
factors that contribute to achievement in Computer
Science (Katz et al., 2003), we have traced the
progress of a cohort of 200 students throughout the
sequence of courses that make up the programming

core: Introduction to Computer Science Using JAVA
(CS401), Data Structures (CS445), and Algorithm
Implementation (CS1501). Because students
sometimes take another course required for the CS
major (Formal Methods, CS1502) before taking
CS1501, we also tracked student enroliment and
performance in this course. These four courses are
typically completed within the first two years of the
program.

Figure 1 shows the sharp contrast between female
and male entry into the program (CS401). Indeed,
even after recruiting participants from CS401 across
three academic semesters, we obtained a sample of
only 35 women, compared with 165 men. These
samples represent approximately 28% of the men in
the population of students who were enrolled in
CS401 during the recruitment period (165 men out
of 590) and approximately 27% of the women in this
population (35 women out of 130)." Furthermore, the
rate of attrition from CS401 to CS445 is higher for
women than for men—41% versus 57%,
respectively, a marginally significant difference (x° =
3.2; p=.07).

What is not directly apparent in Figure 1 is the fact
that the Department of Computer Science is not only
losing under-achieving students (i.e., students who
earn less than C, which is the departmental standard
for passing), but high-achieving students as well
(i.e., students who earn B or above). This trend is
shown in Figure 2. Reflecting the attrition trend for
the cohort as a whole (Figure 1), the sharpest loss of
high-achieving students takes place from CS401 to
CS445. 23% of students who earned B or better in
CS401 (25 out of 109) did not continue to CS445—
that is, 22% of high-achieving men (20 out of 91)
and 28% of high-achieving women (5 out of 18), a
difference that was not statistically significant. This
pattern continued after CS445. Among high-
achieving students in CS445, 14% (7 out of 51) did
not continue to CS1501 or CS1502—that is, 14% of
high-achieving men (6 out of 43) and 13% of high-
achieving women (1 out of 8).

The striking loss of high-achieving (B and above)
students of both genders prompted us to investigate
the relationship between achievement, student
characteristics (including gender), and attrition in this
program. Specifically, we asked: What factors
predict achievement and do the same factors predict
persistence?

! The population includes students who were not prospective CS
majors, but who were enrolled in CS401 during the recruitment
period. Frequencies for men and women in the population are
approximate. They were derived from direct observation (a count
of men and women who attended CS401 examinations), since we
were unable to obtain demographic information for students who
did not consent to participate in the study.
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Figure 2. Loss of B-and-above Students After Two CS Courses

Do the factors that predict achievement persist
through the programming core, or are they relevant
to the entry-level course (CS401) only? Are there
gender differences in the factors that predict
achievement and persistence? What are the
reasons that good students give for staying in or

leaving the program, and, again, are there any
gender differences in these reasons?

Our goals in investigating these questions are to
build upon prior research dedicated to
understanding the problem of attrition (especially
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female attrition) along the undergraduate segment of
the CS “pipeline” and to contribute to the growing
body of proposed solutions (e.g., Bunderson &
Christensen, 1995; Cohoon, 2001; 2002; Margolis &
Fisher, 2002; Pearl et al., 1990). Of course, as
Figure 1 dramatically illustrates, the retention
problem can not be solved independent of the
recruitment problem. Much prior research has
focused on understanding the complex forces that
repel young girls and women from computers and
computer science (see Davies et al., 2000 for a
review), and many promising programs are in place
to attract young girls to CS, such as SWIFT (Davies
et al.,, 2000) and Eyes to the Future (Falk et al.,
1999).

The problem of undergraduate attrition from CS is as
complex as the problem of recruitment (Bunderson &
Christensen, 1995; Crews & Butterfield, 2003; West
& Ross, 2002). Since 1990, research has focused
on several causes of female attrition, including (but
not limited to) gender bias and stereotyping
(Margolis et al., 1999; Spertus, 1991), attitudes
towards computing (Charlton & Birkett, 1998;
Shashaani, 1997), prior computing experience
(Bunderson & Christensen, 1995; Fan et al., 1998;
Taylor & Mounfield, 1994), motivation (Charlton &
Birkett, 1999), confidence (Beyer et al., 2003),
disciplinary characteristics (Mahony & Van Toen,
1990; Pearl et al, 2002), and departmental
characteristics (Cohoon, 2001; 2002) including the
“culture of computing” at particular institutions
(Bunderson & Christensen, 1995; Margolis & Fisher,
2002). Because most studies have found that
women perform equally as well or better than men in
undergraduate CS programs, little attention has
been paid to the relationship between achievement
and persistence. In this exploratory study, we take a
closer look at this relationship. Supporting research
by Jagacinski, LeBold, and Salvendy (1988), we
found evidence that achievement can play a role in
even “successful” students’ decision to leave CS.
While there is considerable overlap between the
factors that predict achievement and retention, these
factors sometimes interact in complex and
unexpected ways.

Method

Participants

Two hundred students at the University of Pittsburgh
voluntarily participated in the study. Recruitment
took place on the first day of the first course taken
by all prospective computer science majors,
Introduction to Computer Science Using Java
(CS401). Students were paid a nominal amount for
consenting to participate. In order to increase the

number of women in our sample, we recruited from
five sections of the course, spanning three academic
semesters during 2001-2002. Despite this lengthy
recruitment period, our sample consists of only 35
women (17.5% of participants in the cohort and 27%
of women in the population), compared with 165
men (82.5% of participants in the cohort and 28% of
men in the population).

Originally, 236 students signed up for the study. We
eliminated thirty-six students because their planned
major was not computer science and they were
therefore not required to complete the programming
core, they withdrew from CS401, or they did not
have Scholastic Aptitude Test (SAT) scores.
Included within the sample of 200 were 9
engineering students, 1 student from the Scientific
Computing program, and 9 students who stated that
they were “undecided” about majoring in CS. We
included the engineering students because they are
required to complete the programming core and
several of these students planned a concentration in
computer engineering.

As shown in Table 1, the majority of participants
(78%) are Caucasian. Thirteen percent are African
American, 5% Asian or Asian American, and 4%
belong to another ethnic group. Because of the
small sample of students who could be considered a
“minority” in computer science (i.e., students who
are not Caucasian, Asian, or Asian American), our
analyses do not differentiate students based on race
or ethnicity. We differentiate students only according
to gender. The mean age of participants is 20 years.

Classification Males | Females | Total
Caucasian 130 26 (74%) 156
(79%) (78%)

African American 21 5 (14%) 26
(13%) (13%)

Asian or Asian 8 (5%) 2 (6%) 10
American (5%)

Other (Hispanic 6 (4%) 2 (6%) 8 (4%)
American,
American Indian,

etc.)

Table 1. Ethnic Classification of Participants

Instruments

In order to identify the factors that predict
achievement and to determine if these factors also
predict persistence, we developed and administered
two surveys: a background questionnaire that was
issued at the start of CS401 and an end-of-course
questionnaire that was issued approximately a week
before the final exam for each course. Students’
responses to selected questions on these surveys
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were used in the analyses. Appendix A shows the
questions used in the analysis, with their associated
variables (factors) and values. These questions
targeted factors shown in prior research to be
predictive of achievement in undergraduate CS
programs, such as math background (Cafolla, 1987;
Clement et al., 1986; Jagacinski et al., 1988; Lai &
Repman, 1996), prior computing experience (Byrne
& Lyons, 2001; Taylor & Mounfield, 1989), home
and school access to computers (Jones, 1987, cited
in Bunderson & Christensen, 1995; Foorman et al.,
1985, cited in Bunderson & Christensen, 1995),
motivation (Charlton & Birkett, 1999), confidence in
one’s computer ability and the perception that one’s
confidence is backed by good performance
(Charlton & Birkett, 1999; Jagacinski et al., 1988;
Volet & Styles, 1992), and encouragement from
mentors and role models (Falk et al., 2000). The
background survey also included questions aimed at
exploring the influence of parental encouragement
on achievement and persistence. Since math ability
has repeatedly been shown to correlate with CS
achievement, we also obtained students’ official SAT
scores (math and verbal) from the university’s Office
of Admissions and Financial Aid.

As shown in Appendix B, the end-of-course surveys
were primarily designed to identify students who no
longer planned to major in computer science and
students’ self-reported reasons for this decision.
Towards this end, it asked questions aimed at
gauging students’ confidence in their ability to
succeed, interest in computer science, attitude
towards the CS department, and perception that
they had friends in the department.

The response rate for surveys is as follows:

e 156 out of 200 students completed the
background survey at the start of CS401
(78%)

e 131 CS401 students completed the end-of-
course survey (66%)

e 47 students completed the end-of-course
survey for CS445, out of 110 students in the
course (43%)

Data collection for the third course in the
programming core (Algorithm Implementation,
CS1501) is in progress, given that some students
opt to take Formal Methods (CS1502) before this
course. Hence, the end-of-course surveys for
CS1501 have not been analyzed and will not be
discussed here.

In addition to collecting the survey data, we acquired
students’ letter grades for each course from their
instructors.

Results and Discussion

Letter grades are the measure of achievement in our
analyses, on a scale from 1 to 13 (e.g., 1 = F, failure;
6 = C; 9 = B; 13 = A+). The number of courses that
students completed, as evident by their having a
grade for a given course, functions as a measure of
persistence: 1, 2, or 3, where 3 means “3 or more
courses” (i.e., students who took CS1501, CS1502,
or both all received a persistence rating of 3). Table
2 presents means and standard deviations for the
dependent variables (grades and persistence
ratings) by gender. N (M,F) means number of men
and women, respectively.

We assume that if a student did not have a grade for
a course, the student did not take the course. We
also assume that students should have completed
the programming core (CS401, CS445, and
CS1501)—or, alternatively, CS401, CS445, and
CS1502—by the time we analyzed the data for this
study. We believe that these are fair assumptions,
given the amount of time that has elapsed since the
last set of students signed up in the Spring of 2002
and the fact that most students take these courses
in successive academic semesters, as
recommended by the CS Department. There are
probably some students who are progressing more
slowly than the norm, but we do not expect there to
be enough of these cases to significantly lessen the
validity of our findings.

All findings reported in this section are statistically
significant at the .05 level, unless otherwise stated.

Gender, Persistence and Achievement

Does achievement predict persistence? If so, what
student characteristics predict achievement and are
there gender differences among these factors?

35% of men versus 27% of women had a
persistence rating of 3 (i.e., they completed CS401,
CS445, and either CS1501, CS1502 or both). This
difference is not statistically significant. Not
surprisingly, students’ persistence rating correlated
strongly with their grades in CS401 and CS445 (r =
.61, and r = .64), respectively. Among the 66
students who completed three or more courses,
women outperformed men in all four courses, but
not significantly so.

If we look at persistence over time—the transition
from CS401 to CS445 and then from CS445 to
CS1501—we find  significant  differences in
persistence by gender. 60% of men who completed
CS401 versus 43% of women continued to CS445, a
marginally significant difference (x 2 = 3.2, p < .07).
When we examined this difference further, we found
that the nexus of the gender difference was at the B
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performance level. Comparing students who earned
C or above with students who earned less than C in
CS401, a Chi-square test revealed no significant
gender differences in persistence to CS445. Indeed,
very few students of either sex who earned less than
a C in CS401 continued to CS445 (8% overall; 10%
of men who earned C or less and 0% of women).
However, when we performed the same test using B
as the performance cut-off, we found that men who
earned less than B were more likely to continue to
CS445 than were women who earned less than B (x
2=3.9, p=.05).

The reasons for this gender difference are unclear
and warrant further investigation. It could be that
women tend to be more strongly affected by
performing below the B level than men and this
influences their decision to continue with a CS
major. Although this explanation is speculative, it is
consistent with prior research by Eccles-Parsons
(1984; cited in Jagacinski et al., 1988), which noted
the importance of students’ performance
expectations in their plans to enroll in advanced
mathematics courses. Jagacinski et al. (1988)
suggest a similar relation between performance
expectations and persistence, but their work, like
Eccles-Parsons’ did not investigate this relation with
respect to gender. Alternatively, or in addition, it
could be that women are more cautious than men
about pursuing a major that they might not be well-
suited for; they leave CS to pursue a field that they
are confident about being able to excel in. Whether
or not this is a wise decision, and how long students
should be encouraged to test their ability to succeed
in CS before leaving the field (e.g., by repeating first-
year courses that they do not do well in) are also
important questions for further research.

Looking at the transition from CS445 to CS1501,
Chi-square analysis did not reveal any significant
gender differences in persistence, using either a
letter grade of C or B as the performance cut-off.
This is probably because the number of women who
continued on to CS1501 or CS1502 (9) was too
small for statistical analysis. Nonetheless, the same
pattern that we observed at the first transition point
(from CS401 to CS445) holds for this second
transition point: more men who earned less than a B
in CS445 (37%, 20 out of 54) continued to CS1501
and/or CS1502 than did women (33%, 2 out of 6).

Student Characteristics that Predict
Achievement

Given that achievement predicts persistence as well
as gender differences (above and below the B grade
level), it is worthwhile to consider which of the

background factors described in Appendix A
significantly predict achievement.

Men Women
N
(M,F) Mean SD Mean | SD
CS401 165, 8.2 3.9 7.6 4.7
letter grade | 35
CS445 96, 6.9 4.1 7.9 4.3
letter grade | 14
CS1501 47,6 7.8 29 9.0 21
letter grade
CS1502 45,9 8.0 3.6 9.4 1.8
letter
grade’
persistence | 165, 1.9 .86 1.7 .86
35

* = marginally significant, p = .08

Table 2. Gender Differences in Dependent
Variables

Table 3 displays gender differences in mean scores
(SD = standard deviation) for selected background
and end-of term survey factors. As in Table 2, N in
Table 3 represents the number of data points for
each factor by gender (M = male, F = female), based
on survey responses. Significant gender differences
are flagged.

Consistent with prior research (e.g., Beyer et al.,
2003), men reported more confidence in earning a B
or above on all three surveys—{(148) = 2.1; {(128) =
1.8, p < .08, and t(47) = 2.0, for the background
survey, CS401 end-of-course survey, and CS445
end-of-course survey, respectively. Also consistent
with prior research (Taylor & Mounfield, 1989), men
entered the program with a greater number of self-
reported programming skills (exposure to specific
constructs), #153) = 1.8, p < .07. Women scored
higher on self-reported home access to a computer
during high school; {(154) = 1.8, p < .07.

Math and verbal SAT scores. Math Scholastic
Aptitude Test (SAT) score predicted achievement in
all four courses, overall (all students, irrespective of
gender): r = .38 for CS401, r= .23 for CS445, r= .34
for CS1501, and r = .37 for CS1502. Number of
Calculus courses taken predicted achievement in
CS401 overall, r = .16. These correlations support
much prior research on the importance of math skills
in computer science (e.g., Lai & Repman, 1996).

Verbal SAT score predicted male performance in
CS401 (r = .20), female performance in CS445 (r =
.78), and CS401 performance overall (r = .21).
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Factor Men Women

N (M,F) Mean SD Mean SD
Math SAT score 165, 35 618 81.0 609 83.5
Verbal SAT score 165, 35 595 83.5 604 107.7
Number of Calculus courses completed 128, 28 .79 .92 1.1 1.1
Number of CS courses that involved programming 128, 28 2.2 1.2 1.9 1.1
Access to computers at home during high school’ 128, 28 1.9 .38 2.0 19
Availability of computers at high school 128, 28 1.9 31 1.9 .26
Informal computing activities 128, 28 2.0 1.1 1.6 1.1
Exposure to specific programming constructs’ 127, 28 5.6 2.1 4.8 1.8
Goal of earning B or above 127, 28 1 .0 1 .0
Confidence in earning B or above at start of Ccs401” 122, 28 4.1 1.1 3.6 1.4
Had mentor or role model in high school 127, 28 57 .50 75 44
Maternal encouragement 127, 28 3.5 1.3 3.5 1.2
Paternal encouragement 128, 28 3.8 1.2 .88 .33
Interest in CS at end of CS401 105, 26 4.1 1.0 3.7 1.2
Likes CS environment at end of CS401 105, 26 35 1.1 34 1.2
Has friends in department at end of CS401 105, 26 3.2 1.3 2.8 1.2
Goal of earning B or above at end of CS401 104, 26 a7 42 .81 40
Confidence in earning B or above at end of CS401 105, 25 3.9 14 3.4 1.5
Interest in CS at end of CS445~ 41,8 4.2 .90 3.2 1.3
Likes CS environment at end of CS445 41,8 3.0 1.2 2.8 1.5
Has friends in CS department at end of CS445 41, 8 3.2 1.3 3.1 1.5
Goal of earning B or above at end of CS445 41,8 .63 .49 .38 52
Confidence in earning B or above at end of CS445~ 41,8 3.5 1.4 2.4 1.5

* = marginally significant, p < .10
**=p<.05

Table 3. Gender Differences in Selected Factors

Computing experience and access to computers.
Having a high level of access to computers in the
home during high school predicted performance in
CS401 for men (rho = .20) and overall (rho = .19),
consistent with prior findings on the importance of
home access to computers (Byrne & Lyons, 2001).
Supporting prior research that demonstrated the
importance of prior computing experience for CS
performance at the post-secondary level (e.g., Byrne
& Lyons, 2001), the number of informal computing
activities that the student engaged in predicted male
performance in CS401 (rho = .18). In addition, the
number of specific programming constructs that the
student had prior exposure to predicted male

performance in CS401 (rho = .19) and in CS1501
(rho = .37). Curiously, an ANOVA revealed a
significant cross-over interaction between gender
and number of CS courses taken prior to CS401 as
predictors of letter grade for this course, whereby
women who took more programming courses before
CS401 did more poorly than those who took fewer
courses, while the reverse was true for men, F(1,
152) = 3.4, p < .07. (For this analysis, we redefined
“number of CS courses that involved programming,”
as specified in Appendix A, into a categorical
variable with 1-2 courses meaning “low” and 3 or
more courses meaning “high.”)
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We hypothesized that women who had developed
their programming skills while in high school, either
by taking CS courses or on their own, might have
done so at the expense of developing other skills
that predict CS achievement, particularly math skills.
As an initial test of this hypothesis, we performed an
ANOVA of prior CS courses and the number of
Calculus courses that women had taken before
entering CS401 with the grade that women earned
in this course as the dependent variable. (For this
test, we redefined number of Calculus courses taken
as a categorical variable, with 0 or 1 meaning “low”
and 2-3+ meaning ‘high.” We used the same
specification of number of prior CS courses taken as
described in the preceding paragraph—1-2 meaning
‘low” and 3+ meaning “high.”) Although the number
of prior CS courses taken marginally predicted
female performance in CS401 (F(1,24) = 3.6, p =
.07), there was no interaction between this variable
and number of Calculus courses taken. However,
when we ran the same test using number of
Calculus courses taken and amount of exposure to
specific programming constructs as predictor
variables, we observed a significant cross-over
interaction between the predictor variables (F(1,23)
=4.2, p = .05) as well as a positive relation between
number of Calculus courses taken and CS401 grade
(F(1,23) = 6.5, p <.05). Indeed, women who had low
exposure to specific programming constructs but
one or more Calculus courses performed nearly as
well as women who had high exposure to specific
programming constructs and several Calculus
courses. The poorest performers were women who
reported a high level of programming exposure and
a low number of Calculus courses. The high
correlation between Math SAT score and female
performance in CS401 (.60) further supports the
proposed importance of math preparation for CS
achievement, particularly for women. These findings
suggest that further research is needed to specify
the relative importance of pre-college math and CS
training for CS achievement at the undergraduate
level and to determine if there are gender
differences in what constitutes optimal preparation.

Encouragement. Having a mentor or role model,
according to students’ self-reports, predicted CS401
performance across genders, tau-b = .14.

Contrary to our expectations, parental
encouragement negatively correlated with
achievement in the second course, CS445.
Specifically, maternal encouragement  was
negatively related to CS445 achievement overall
(rho = -.33) and for each gender (rho = -.29 for men
and rho = -.61 for women). Paternal encouragement
was negatively related to CS445 achievement
overall (rho = -.23). These findings suggest that at

least some under-prepared students persist in a CS
major in part because their parents encourage them
to do so. The influence of parental encouragement
on achievement and persistence is an interesting
topic for further research.

Indicators of achievement. Several factors
correlated with performance, though we suspect that
they are more the result of students’ perceptions that
they are doing well rather than contributors to
success. For example, a belief that CS is interesting
at the end of CS401 correlated with male
performance in this course (rho = .34), and with
overall performance (rho = .22), while a belief that
CS is interesting at the end of CS445 correlated with
female performance (rho = .93) and overall (rho =
37).

Similarly, confidence at the end of courses may be
as much a reflection of achievement as a
contributor. Confidence in earning a B at the end of
CS401 correlated with CS401 performance for men
(rho = .71), women (rho = .41), and overall (rho =
.65). Confidence in earning a B or above in CS445
correlated with female performance in this course
(rho = .47), and overall (rho = .27). Apparently,
students are fairly good judges of their performance
status.

Another reflection of good performance is students’
attitude towards the CS department at the university.
This factor correlated with CS401 performance for
males (rho = .31), and overall (rho = .19) and with
male, female and overall performance in CS445 (rho
= .41, rho = .87, and rho = .51, respectively).

Other Factors that Predict Persistence

Since, as we have shown, persistence is highly
correlated with achievement, we can expect high
overlap between the factors that predict
achievement and the factors that predict
persistence. Indeed, this appears to be the case. In
the analysis reported below, we treated persistence
rating as a categorical variable, with 1-2 meaning
“low persistence” (students who left the program
after CS401 or CS445) and 3 meaning “high
persistence” (students who continued onto the
upper-level courses, CS1501 and/or CS1502). This
categorization was motivated by our observation that
students who take three or more CS courses tend to
continue with the major. As several students stated
on the end-of-term surveys, they persisted with CS
in part because they had already invested
considerable time and effort.

If we look at students in the aggregate (without
distinguishing by gender), without filtering by grade,
we find several significant differences between
students who persist beyond CS445 and students
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who do not. Students who took 3 or more CS
courses had higher math SAT scores, {(198) = 2.6,
and verbal SAT scores, {(198) = 1.8, p < .08. They
reported taking more Calculus courses, t(154) = 2.7
and more CS courses, {(154) = 2.1. Consistent with
a higher number of CS courses, higher-persisting
students reported more prior exposure to specific
programming constructs, #{(153) = 3.2. They were
more likely than students who left the program early
on (after CS401 or CS445) to agree that CS is
interesting at the end of CS401 and CS445—t(129)
= 2.9 and {(47) = 2.0, p < .06, respectively; to agree
that they liked the CS department at the end of the
same courses—i(129) = 2.2 and #47) = 2.1—and to
state that they were confident about earning a B in
CS401 and CS445 at the end of these courses—
t(128) = 4.3 and t(47) = 1.8, p < .08, respectively. As
we have seen, these factors (SAT scores, number of
Calculus courses taken, prior computing experience,
confidence, interest in CS, and a positive attitude
towards the CS department) also predicted
achievement.

What this analysis can not explain is why it is that a
high number of promising students (earning B or
above) leave the program, as shown in Figure 2. Are
there specific factors that predict whether successful
students stay in the program as opposed to leave?
Given that the most significant loss of high-achieving
students occurs after CS401—23% (5 women and
20 men out of 109 high-achieving CS401 students;
Figure 1)—and that the number of high-achieving
students who left the program after CS445 was too
small for statistical analysis (1 woman and 6 men out
of 51 high-achieving CS445 students), we focused
the analysis that follows on attrition after CS401.

For both genders, B-or-above students who
persisted to CS445 had more prior programming
experience than B-or-above students who left the
program, as evident in the number of programming
courses taken before CS401, t(94) = 2.8, and
amount of exposure to specific programming skills,
t(94) = 2.8. High-achieving male students who
persisted to CS445 had taken more programming
courses than did high-achieving male students who
left the program at this point, #(78) = 2.8, and
reported exposure to more programming skills, {(78)
= 2.8). High-achieving female students who
persisted also reported more exposure to specific
programming skills than did women who left, {(14) =
2.2. Not surprisingly, across both genders, high-
achieving students who continued to CS445 were
more likely to report that they found CS interesting at
the end of CS401 than were high-achieving students
who left, {(78) = 2.8.

What distinguishes women who stayed in the
program from those who left after CS401, at the B-

or-above level, is apparently the need for support
and encouragement. Relative to high-achieving
women who left, high-achieving women who
persisted were more likely to claim that they had
friends in the CS department, #(13) = 2.3, strong
maternal encouragement to major in CS, #(14) = 3.8,
as well as paternal encouragement, £(14) = 2.5 to do
so. So, although parental encouragement to persist
may be detrimental to weaker students (B- or lower),
as suggested by the negative relation between
parental encouragement and CS445 grades
discussed previously, it seems to be an important
factor in keeping strong female students in the
program. We did not observe significant
relationships between friendship, encouragement,
and persistence among high-achieving male
students.

Insights about Persistence Drawn from Students’
Responses to Open-ended Questions

When we looked more closely at the survey
responses of “‘good” students who left the program,
we gained further insight into why it is that these
students leave. Two of the main reasons were a loss
of confidence that led to a loss of interest in the
program, and a direct loss of interest in the
program—that is, unmediated by a loss of
confidence. The first type of relationship is
discussed and illustrated extensively in Margolis and
Fisher (2002).

Loss of confidence, possibly followed by a loss of
interest, can stem from a gap between a student’s
performance expectations and actual performance
(Volet & Styles, 1992). For example, one woman
entered CS401 with the goal of earning a B or
above. However, she got a 75 on the course’s
second exam, which might have shaken her
confidence. On the end of term survey for this
course, this woman showed that she was also
among those in Margolis and Fisher's study who
compared their required effort with that of their peers
(mostly males), and concluded that CS was not right
for them:

I don’t think | have the skills to go on as a CS
major. The programs that are assigned are
incredibly difficult for me, while for others, they
are very simple.

Sometimes there was no indication of a loss of
confidence, because the student earned high marks
on each course exam administered prior to the end
of term surveys. However, despite A-level
performance, some students nonetheless left the
program because they simply lost interest in the
discipline. For example, one women with a strong A
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in CS401 gave the following reason for her
consideration of leaving:

| found Java to be easy to learn as long as | paid
attention and attended, yet not interesting at all.
So, I'm not sure | have a lot of interest, but will
probably stick with Computer Science.

Apparently, she did not “stick with it.” We heard
similar comments about loss of interest from B-or-
above male students who left, despite no apparent
reasons for a loss of confidence, e.g.:

| feel confident in my programming ability and
have an A in the class. However, | do not
believe that | would be able to program all of my
life in front of a computer. | switched to
information science, which is still related to
programming, just not as intense.

This student's comment also represents another
apparent reason for the loss of “good” students:
disillusionment with what they perceive the discipline
entails, whether or not their perceptions are entirely
accurate. (For example, many computer scientists
spend little time programming.) Another male
student commented that he planned to leave the
major because he did not want to take higher-level
math courses.

These comments suggest the importance of
sustaining students’ interest in the program and of
providing them with an accurate portrait of what the
discipline entails and can offer with respect to career
opportunities. The reasons that the handful of
women who persisted through all three courses
gave for staying underscore the importance of
interest and an awareness of career opportunities.
Four of these women talked about using their
degree in computer science to complement or serve
another career interest, such as biological research,
computational physics, or neuroscience. This
interest was acquired in high school or early in
college, suggesting the importance of developing
students’ awareness of CS applications in high
school and post-secondary CS courses. For
example:

| am interested in technology in biological
research and, while working in the research
setting, | found a great need for computer
knowledge and programming skKills. Also, | enjoy
programming and solving problems.

Women tend to have an applied interest in computer
science, while men tend to like computers and
programming for their own sake (Margolis & Fisher,
2002). The only applied interest we found expressed
among the B-and-above male students was video
game programming.

Conclusions

This study investigated the factors that predict
performance and persistence in an undergraduate
CS program and explored why it is that even high-
achieving students leave the undergraduate “CS
pipeline.” Not surprisingly, we found that several
factors that predict achievement also predict
persistence beyond the first two courses in an
undergraduate CS maijor, such as math and verbal
SAT score, the number of Calculus courses taken,
and prior computing experience. Home access to a
computer and having a mentor or role model during
high school also predicted achievement.

Following related research (e.g., Beyer et al., 2003;
Charlton & Birkett, 1999), this study demonstrates
the value of investigating the interactions between
variables that predict achievement and persistence
in computer science. By doing so, we observed
several complex and unexpected interactions
between student characteristics (including gender),
achievement, and persistence. Most notably, male
students who earned less than a B in the
introductory CS course (CS401) were more likely to
take the next course in the curriculum for CS majors
than were women who earned less than a B.
Achievement is a factor in even high-achieving
students’ decision to leave CS; loss of interest can
accompany loss of confidence. To take another
example of interactions between background
factors, women who reported more exposure to
particular programming constructs before CS401
performed worse than women who entered with less
programming experience. Upon further investigation,
we found evidence to support our conjecture that
substituting the development of math skill (a
consistently strong predictor of achievement in CS
programs) with programming skill development
during high school may be detrimental to
performance in an undergraduate CS program,
especially for women.

Given the small sample size used in this study
(especially of women) and the fact that it was
conducted at one institution, there is a need for
further research to test the wvalidity and
generalizability of our findings, and to uncover the
reasons for the complex interactions and
unexpected correlations we observed. For example,
why are male students who perform below the B
level more likely to persist to the next course in a CS
program than women who perform at the same
level? Is this a reflection of less confidence on
women’s part, better judgment, or both? At what
point, and under what circumstances, should
academic advisors suggest that students pursue a
different major that they are more likely to excel in,
as opposed to repeating CS courses? What is the
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optimal combination of pre-college math and CS
training? What, if anything, can be done to sustain
the confidence and interest of promising students
whose grades do not rise up to their performance
goals and expectations? And how can we sustain
the interest of all students through the early stages
of CS instruction, when a large body of rudimentary
skills and concepts that are often not inherently
interesting must be covered? We expect that
investigation into these issues will lead to a deeper
understanding of why many students of both sexes,
even some of the most promising ones, leave the
“CS pipeline” at the undergraduate level, and what
can be done to reverse this trend.
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Appendix A: Background Characteristics Considered in the Analysis

Factor

Relevant Survey Question(s)

Values used in the
Analysis

Math and Computing Background

Calculus courses
completed

Which Calculus courses have you completed? Check
all that apply:

e Currently taking Calculus

e Calculus 1

e Calculus 2

e Calculus 3

0 = none (no selection) or
currently taking Calc

1 = Calculus 1 only

2 = through Calculus 2

3 = through Calculus 3

Number of CS courses
taken that involved
programming

How many computer science courses did you take in
high school? Please count only those courses that
involved programming, as opposed to learning how to
use software applications:

e O
e 1
e 2
e 3

How many computer science courses have you taken
during college? (Same specification and options as the
preceding question.)

Sum of programming-
oriented CS courses taken
before CS401, in high
school and college. 3+
counted as “3”

Access to Computers

Access to computers in
home, while in high
school

Did you or your family own a computer while you were
in high school?

e Yes

e No ... Skip next question

Select the phrase that best describes your access to
the computer in your home during high school:

1. | had to compete with other family members to
use the computer; it was seldom available
when | wanted to use it.

2. | shared the computer with other family
members. It was sometimes unavailable.

3. | shared the computer with other family
members, but it was usually available when |
wanted to use it.

4. | was the sole computer user.

0 = “no” to question about
home ownership of
computers

1 = limited access; options
1or2

2 = adequate access;
options 3 or 4

Availability of computers
at high school

Select the phrase that best describes the availability of
computers while you were in high school:
1. There were no computers for students to use
at my high school.
2. lusually had to compete for access to a
computer at school.
3. | sometimes had to compete for access to a
computer at school.
4. A computer was usually free when | wanted to
use one at school.

1 = limited availability;
options 1 or 2

2 = adequately available;
options 3 or 4

Informal activities that
potentially develop
programming skill

Which of the following informal computer activities did
you participate in during high school or any time prior
to taking CS4017? Check all that apply:
e Computer club
Computer camp
Email and chat rooms
Playing computer games
Programming for fun

Number of the following

items selected:

e Programming for fun

e Building web pages

e Building a computer or
taking...
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e Building web pages

e Browsing the Internet

e Building a computer or taking a computer
apart to explore how it works

Exposure to specific
programming constructs

Before taking CS401, which of the following could you
write programs with? Check all that apply:
e “if’" statements
loops
arrays
linked lists
recursion
objects, classes, and inheritance
more than 100 lines of code
more than 300 lines of code

Number of items selected

Performance Goals and Expectations

Goal of earning B or
above

Select the phrase that best describes your
performance goals for CS401:

1. Pass (earn a D or above)

2. Earn a C or above

3. Earn aB or above

4. EarnanA

5. Do more than is needed to earn an A

0 = no; selected items 1 or

= yes; selected items 3,
orb

-h—\l\)

Confidence in earning B
or above

How confident are you in your ability to earn a final
grade of B or above?

Scalar selection; 1 = not
confident at all; 5 = very
confident

Motivation

Reason for pursing CS

In one or two sentences, please describe what most
influenced your decision to major in computer science
or to consider majoring in CS.

Open-ended

Encouragement

Mentor or role model

Did anyone serve as a mentor to you, with respect to
computer science? (A mentor is someone who is
knowledgeable and who takes an active interest in a
person’s career development.)

e Yes

e No
Did anyone serve as a role model for you, with respect
to computer science? (A role model inspires a person,
but does not directly help him or her to achieve a
career goal.)

e Yes

e No

0 = no to both questions
1 = yes to either question

Maternal
encouragement

Please rate the degree to which your mother (or step-
mother) encouraged you in your decision to major in
computer science, or to consider a CS major:

0 = Not applicable (NA)
Discouraged me
Neither discouraged nor encouraged me
Encouraged me somewhat
Encouraged me considerably
Encouraged me a great deal

arON=

Scalar selection.

Paternal encouragement

Same as preceding, for father (or step-father)

Scalar selection
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Appendix B: End-of-course Survey Factors Considered in the Analysis

Factor

Survey Question

Values

Persistence and Motivation

Plan to continue in CS

At the beginning of the semester, you stated that you
are considering a major in CS. Do you still plan to major
in CS?

e Yes

¢ No

e Maybe

0 = no or maybe
1=yes

Reasons for staying or
leaving

Briefly explain your response to the preceding question.
Why do you still plan to major in CS? Or, why are you
considering a different major?

Open-ended

Interest in CS

Please rate the degree to which you agree with the
following statement:

| find CS interesting.

Scalar; 1 = strongly
disagree; 5 = strongly
agree

Attitude Towards the CS Environment at the University

Likes CS environment

Please rate the degree to which you agree with the
following statement:

| like the CS environment at Pitt (i.e., lab facilities,
faculty, other students, etc.).

Scalar; 1 = strongly
disagree; 5 = strongly
agree

Has friends in the
department

Please rate the degree to which you agree with the
following statement:

| have several friends who are CS majors or
prospective majors.

Scalar; 1 = strongly
disagree; 5 = strongly
agree

Performance Goals and Expectations

Goal of earning B or
above

Select the phrase that best describes your performance
goals for CS401:

1. Pass (earn a D or above)

2. Earna C or above

3. Earn a B or above

4. EarnanA

5. Do more than is needed to earn an A

= no; selected items 1 or

= yes; selected items 3,

0
2
1

4,0r5

Confidence in earning
B or above

How confident are you in your ability to earn a final
grade of B or above?

Scalar selection; 1 = not
confident at all; 5 = very
confident
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