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athematics, read-
ing, and writing
are  considered
basic skills that
must

. T . Students
learn from kindergarten to high
school (K-12) in the L5, Ay stu-
dents progress through the edu-
cation pipeline, physical science
courses are progressively intro-
duced as reqguired curriculum.
Computer science (C8} is a subject
that remains an optional course.
With ity relative unpopularity f27].
C8 iy further marginalized in high
schools. For instance, the Col-
lege Board [11] discontinued the
Advance Placement C8 exam in
2009. Further, existing CS courses
in high schooly focus on graphics,
animation, multimedia, robotics,
and games, which are considered
“frosting” and not “essential” {16,
p. 371 With C8 being treated as
grivial at K-12, an  educational
grounding in
encourage students who are plan-
ning to attend a university to pur-
sue a bachelor’s degree in CS. K-12
training in mathematics is typically
considered a strong predictor of
success in science and engineering
(S&E) fields.

While all students in the US.
must enroll in
most of their K-12 schooling, many
are increasingly struggling with the
subject. A recent study found that
the U.S. is failing to adeguately de-
velop the basic mathematics skilly
of all ity students. Students who
succeed in mathematics are often

mathematics  can

mathematics for

either immigrants or chikdren of
immigrants from countries where
mathematics is highly valued [3]
in 2006, the Program for [nterna-
tional Student Assessment by the
Grganization for Economic Devel-
opment and Co-operation ranked
the U.S. 25th of 30 nations in math-
ematics achievement |23}, U5, me-
dia outlets and others are decrying
the poor preparation of American
students in mathematics compared
to students in India and China {eg.,
February 12, 2006 cover page of

a

Time magazine). Mostimportanthy.
there is extensive Hterature show-
ing that mathematics & viewed as
a male domain in the UK [22],
[24}. though conclusive evidence
to support such stereotypes is often
debated.

It has been argued that female
students tend to choose careers in
the biological sciences, social sci-
ences, and environmental sciences
over mathematically-based sciences
such as physics, C8, and engineer-
ing [9}. For instance, in 2007, wom-
en earned a majority of bachelor's
degrees awarded in psychology
{77%:), biological sciences (60%),
social sclences (534%:), agricultural
£30%:), and chemisiry
{5309%:); they earned a mere 9% of
bachelor’s degrees in C8 [27]

The low number of women in

sciences

C5 education is a criticaf challenge.
Schofars have identified a range of
factors that contribute to the under-
representation of women in C8 [2],
FHL E32). Lack of preparation and
proficiency as well as a lack of con-
fidence in mathematics have been
seen as important factors that cause
female students to avoid C8 majors,

In contrast to the 1.8, C8 seems
to be a popular major among wom-
en in India [35]. Since computer
education at the K-12 level is either
optional or non-existent in India,
and early exposure to computing
at home and in school & limited,
why do female students think they
can handle C§ studies once in the
CS program at a university? This
article addresses that question by
examining the relationship be-
tween mathematics and C8 among
female students in India.

Method

This article is based on in-depth
interviews conducted by the author
with 64 female undergraduates ma-
joring in C§ at four institutions of
higher education in 2007-2008.
The study took place at two engi-
neering institutes and two univer-
sities that granted four-year under-
graduate degrees in CS. Random
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sampling was vsed to select 15 sub-
jects who were in thelr second and
following years of studies at each
institution. Once approached, all
students participated in the study.
The interviews were structured in
the sense that certain issues were
covered. They were also unstruc-
tured in the sense that they re-
sembled private conversations with
subjects. lasted
anywhere from less than an hour to
an hour and 2 half. Interviews were

Fach interview

recorded, transcribed and inserted
in the Nvivo program for data anal-
ysis. Findings are reported with
interview excerpts to highlight
complexity of concepts and by fre-
guency to show their strength.

Mathematics and

Computer Science

In most countries, mathematics is
required from kindergarten to high
school since it is seen as teaching
abstract thinking, analytcal skills,
logic, and problem-solving rigor, in
addition to caleulation and deduc-
tion. The special role of mathemat-
ics in education i a conseguence
of its universal applicability {28}
Among other things, mathematics
deals with inference, deduction,
proof. builds
mathematical natural

and Mathematics

nmodels of
phenomena, of human behavior,
and of social systems; and employs
data, measdrements, and obser
vations from science to discover
truth. The discipline relies on logic
to seek truth since its domain is
not real physical entities, but num-
bers, chance, form, algorithms, and
change. Mathematics is a science
of abstract objects [26].

In recent years, however, the
centrality of mathematics o CS has
been questioned in the U.S. There
is a perceived shortage of techni-
cal labor in information technology
{IT}, which threatens U.8. compet-
itiveness in the global economy. An
excessive emphasis on mathemat
ics, it is reasoned, will alienate stu-
dents from pursuing a career in the
desirable field of CS. Advocates for
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women and minorities in C8 have
argued that too much weight placed
on mathematics s wsed simply as
a filter—weeding out students 0o
weak or unprepared to survive [8],
[31]. As an example, the Com-
niittee on Public Understanding
of Engineering Messages and the
National Academy of Engineer-
ing {12} contend that emphasis on
mathematics in marketing engi-
neering may damage rather than
increase the appeal of engineer-
ing. So, they recommend focusing
on collaboration, communication,

and teamwork to attract students to
engineering fields. In other words,
the C8 curriculum is seen as send-
ing a chill o underutilized talent
pools with its focus on advanced
mathematics. Generally, the 8§
community debates how much and
what sort of mathematics their stu-
dents need.

A few have gone beyond ful-
filling labor needs or increasing
representation of women and mi-
norities in €S o argue that math-
ematics is unimportant to €85 on
technical grounds. For instance,
Fant [13] has argued that 1) math-
ematicians and computer scientists
are pursuing fundamentally dif-
ferent aims, and 23 the mathemati-
cian’s tools are not as appropriate as
they once were for questions stem-
ming from computer
According to Fant, the primary
guestions of C§ are not of compu-
tational possibilities but of expres-
sional possibilities. Therefore, C§
does not need a theory of computa-
tion; it needs a comprehensive the-
ory of process expression. The con-
cept of process expression is seen as
a common thread running through
the various sub-fields of CS.

soientists,

Do CS8 students need a strong
background in mathematics? An
examination of subject matter and
the history of CS8 show that strong
nrathematical skills have tradition-
ally been valued and rewarded in
the field. Historically, CS arose
and electrical

from mathematics

engineering {131 In the 19605, CS
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was understood simply as the study
of computers, like botany was
the study of plants. By 1970s, the
core of C8 was seen as the study
of algorithms, which were origi-
nally studied by mathematiclans
[20]. In the 19805, the focal point
of C8 was the study of algorithms
as well as designing and building
systems. Since the 19905, however,
the scope of C§ has widened. From
and  algorithmic
foundations, today CS incorporates
cutting-edge developments in ro-
botics, computer vision, intelligent
systems, bioinformatics, and other
exciting areas [1].

The core need for C§

its  theoretical

s dis-
crete mathematics, which includes
1} functions, relations, and sets; 2)
basic logic; 3) proof technigues; 4)
basics of counting;, 3} graphs and
trees; and 6) discrete probabil-
ity. Mathematical tools are used in
formal methods of hardware and
sof tware design; that is, the precise
mathematical specifications
utilized to define a product, and the
product’s implementation (code) is
verified using mathematical proof
techniques [26], [34]. Mathematics
is also central in verifying perfor-
mance and security properties [7]

The differences between math-

are

ematics and C8 are in the subject
matter and the approach. Math-
ematics deals more or less with
theorems, infinite processes, and
static relationships. C8 is predomi-
nantly concerned with algorithms,
programs, finite constructions, and
dynamic relationships [20§, [34].
C8 is about information and the
main vehicle for managing infor-
mation is programs. Yet, a basic
understanding of mathematics s
required in all stages of C8§ devel-
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opment, including design, specifi-
cation, coding, and verifying the
security and correctness of the fi-
nal implementation. Mathematical
skills, therefore, are central to vir-
tually everything in CS, including
programming, software system de-
sign, applications design, systems
analysis, database administration,
network administration, and secu-
rity administration.

The two major professional so-
cleties for C8 are the Association of
Computing Machinery (ACM} and
the Institute of Blectrical and FElec-
tronics Engineers (IEEE} Com-
puter Society. These organizations
support the idea that students of C8
need a certain level of mathemati-
cal sophistication {1}. Mathemati-
cal sophistication is the ability
formalize concepts, to work from
definitions, to think rigorously,
reason concisely, and to construct a
theory [34}. By understanding and
applying mathematics, C8§ students
can improve their ability to abstract
away from details and © be more
creative when solving problems. In
the same way that students plan-
ning on a career in medicine ought
to have a background in biology, or
athletes seeking to do well in orga-
nized sports need to have physical
training, €8 students require a sol-
id foundation in mathematics.

Mathematics and Women

There has been a widespread con-
cern about women's participation
in mathematics in the US. Ear-
lier studies have shown that a lack
of preparation and proficiency in
mathematics is one of the most im-
portant barriers precluding women
from S&F careers [17], [36]. Until
the 1980s, the National Assessment
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of BEducational Progress mathemat-
ics assessment showed that males
than
grade 12 mathematics. {n the early
1940s, the gender gap in mathemat-
ics assessment began O narrow,
although differences remained in
the percentages performing at the
proficient and advanced levels of

scored  higher females in

achievement [27]. A recent study
found that standardized mathemat-
ics scores showed no gap for girls
F191 Yet, 1.8, women seem to lack
confidence in their mathematical
skills when compared to U.5. men.
A survey of over 330 students re-
vealed that both men and women
had similar math scores on Ameri-
can College Tests (ACTs), but men
held more positive attitudes towards
their expertise than women [4].
Historically, scholars have high-
lighted biological differences be-
tween men and women to explain

inferior role in social hierarchy [3}.
Eawrence H. Summers, then the
president of Harvard University,
remarked at the National Bureau of
Economic Research conference on
January 14, 2005, that innate dif-
ferences between men and women
may be one reason fewer women
succeed in S&E careers. Brizen-
dhine {6}, the author of The Female
Brain, has argued that boys and
girls are born with different brains
that drive their impulses, values,
and their very reality. Accordingly,
girls’ brains are wired to empathize
more than boys’ brains.

Biologists such as Linda Birke,
Ruth Bleier, Ruth G. Doell,
Anne Fausto-Sterling, Stephen
Jay Gould, Ruth Hubbard, and
Sue Rosser have used sclence o
show that biological differences
between men and women do not

intellectual  differences

result in

the inherent inability of women to
understand and embrace mathemat-
ics. These scholars see men as nat-
urally superior to women in mathe-
matics. One claim asserts that men
are naturally inclined, from birth,
to learn about objects and their
mechanical relationships. Women,
on the contrary, are apparently
predisposed toward the affective
anct emotional aspects of life and
relationships. Another claim holds
that due to the different genetic
composition of males and females,
males have a greater command over
the cognitive systems responsible
for effective reasoning, a prereg-
aisite for mathematics. The final
claim maintains that males show
a wider spread in mathematical
ability genetically [33]. Biological
arguments of sex differences such
as these seem so persuasive to the
general American public that they
have been used to assign women an

42

in mathematics or any other S&E
field. They have argued that the
social behavior of human beings is
environmentally based. Fine [18],
the author of Delusions of Gen-
der, shows flaws in Brizendine’s
F6] stuedy to argue that bad science
s advancing neurosexism. As an
example, Fine [18] points out that
in countries where women are not
considered to be inferior at math-
ematics, girls perform well in itand
are well represented in mathemat-
ics competitions.

In the fate 1970s, scholars be-
gan paying particular attention to
the impact of socialization-refated
psychological attitudes, especially
gender-identity issues, on girls” dif
ferentiaf achievement and participa-
tion in mathematics. The stereotyp-
ing of mathematics as a “masculine
domain™ was viewed as having
powerful inhibiting effects on fe-
males. Doing well in mathematics
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could apparently impact a woman’s
sense of “femininity” creating a
problem of “non-congruence” in
gender identity for mathematically
successful  girls and  generating
anxiety and a “fear of success™ [24,
p. 4611, The content of mathemat
ics education and practice conveys
gender-based stratified systems in
which men have the dominant po-
sition. The gendered nature of the
study of mathematics, then, deters
women from pursuing the subject.
Stucties have shown that the ca-
parents,
students

reer  expectations  of

teachers, friends, and
themselves are shaped by the domi-
nant view that mathematics is for
males. Parents, who are one of the
major sources of educational infor-
mation and guidance for their chil-
dren, often do not encourage their
daughters to consider mathematics
H4l Mathematics teachers make
more eye contact with boys and pay
more attention to them than they do
to girls in their classes [22] Friends,
if they begin laughing or making
fun, affect female students’ op-
tions to take advanced mathematics
courses. Because of socialization
pressures, gender-role beliefs, and
cultural norms, women themselves
end up thinking that men are better
in mathematics. “We are Hving in a
culture that is telling girls you can’t
do math — that is telling everybody
that only Asians and nerds do math™
(Prof. Janet . Mertz, cited in [29],
n.p.y. “The stereotype that boys do
better at math is still held widely by
teachers and parents. And teachers
and parents guide girls, giving them
advice about what courses o take,
what careers to pursue. | still hear
anecdotes about guidance counselors
steering girls away from engineer-
ing, telling them they won't be able
to do the math” (Prof. Janet Hyde,
cited in [21}, np). Without a pre-
college mathematical background,
girls may not pursue a major in C8.

indian Case
Most of the female Indian students
we interviewed (77%) identified
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mathematics as their favorite sub-
fect in the secondary school (9th
to 12th grades): for the remain-
ing students (28%), science was
the second most popular subject.
Among 1) students who listed mul-
tiple best subjects, mathematics re-
ceived eight mentions. In contrast,
only 3% (2 out of 60} of students
listed computers as their best sub-
ject. When asked to justify why
they listed mathematics as their
best subject, these students high-
lighted the general usefulnesy of
mathematics, the emphasis placed
on mathematics at home and in
schools, and the mastery needed in
mathematics to pursue future S&E
studies. One student said, "Some
people think math is only for sci-
entists. This is not true. Everyday
life revolves around math. So, it is
a must subject for everyone” An-
other student believed that “among
all courses fshe] took, math stimu-
lated [her} brain in a way no other
course did. ... Math opened [her}
brain to all kinds of knowledge
and imaginations.” This student
endorsed mathematics as it “helped
to develop [her] problem solving
skills and logical thinking.” In thiy
student’s words, *1 found math to
be the only subject where one did
not have to do extensive memori-
zation. Biology, chemistry, [and}
social studies, they are largely
memory-based flelds. But, math is
a thinking-based field. So, the more
you know, the better yvou become
in everything else” This student
explained, "My teacher made sure
that every student is engaged in
learning math. He firmly believed
that anyone can learn math, not just
smart students.” The same senti-
ment was reinforced at home, “My
parents are not well educated. But
they always made sure that [ fin-
ish my math homework. Among all
subjects, they mostly talked about
math homework and asked gues-
tions about my marks.”

These students were admitted
to thelr current institutions based

on their scores in the institute’s

entrance exam or a central/state
board exam. Once admitted, they
were allowed to choose thelr Held
of studies based on the marks they
recetved in the exam, and they se-
lectedt C8. There were many rea-
sons why these students preferred
CS8 over other S&E felds. They saw
IT as growing rapidly to permeate
modern India, which has created a
great demand for the CS. They be-
lieved their CS program has dedi-
cated, hard working, intelligent,
meticulous, and smart students.
Most importantly, students felt that
CS is a field where women can ex-
cel. They saw themselves prosper-
ing economically with a CS degree
since the work is high paying, white
collar, office-based, and modern.
Further, jobs with a C5 degree are
available in almost every technical
industry throughout India. Some
students indicated that employment

... I had a passion to help my coun-
try, do something that will be ben-
eficial to people. 1 saw computers
fulfilling my passion”” Another stu-
dent declared, “Computers are the
future of India. So, I chose them.”
This student way clear, “comput
ers are being used in every field.
So, thiy is the field which can make
you earn your bread and butter no
matter where you go. You dont
have to give up your independence
if you move elsewhere after your
marriage. So, this iy a very practi-
cal field.”

These students elected to major
in C§ despite the fact they rarely
considered themselves prepared
for it at the university level. Only
0% of the students felt fully
prepared o study C8§ ar univer-
sity while 339 of the students felt
partially prepared. Gver 30% of
the students responded that their

in T companies is well appreciated
athome, and it eases apprehensions
their families have about marriage;
women who will add income to the
household are increasingly desir-
able. They further thought by being
admitted in the C8 program, they
will be highly respected by faculty,
peers, family members, friends,
anct neighbors. One student said,
“All my seniors started telling me
that CS is a very good field for
girls. Then, I saw my friends go-
ing for C8, so [ opted for that wo.
CS5 iy considered the top-most field
here at [ X" This student took her
father's advice; “My father wanted
me o get into €85, He insisted be-
cause in this fleld girls don’'thave to
g0 into the field. In civil, mechani-
cal, and chemical engineering,
girls have to work in the produc-
tion fleld” A student generalized,
“There is a craze about computers
here. They make the work easier.
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secondary school had not prepared
them to study CS ar university.
Typically, their secondary schools
did not offer computer classes; if
they did, these classes were poorly
offered. A student said, “Actually
our college did not have any con-
cept of C8. They only had some
concept of computers. So, they just
taught us how to sit on a computer,
work on a computer. Thatis all. So,
when I came here, | had no knowl-
edge as to what C8 was all about”
Another said, I did take a com-
puter subject in the 10th {grade].
It was very short and concise. [t
did not teach anything about CS.
Then, 1 did not touch a computer
when I was in the Fth and 12th
{grades] because entrance exams
are very hard. It is Hke a rat race.
BEvery one prepares for these ex-
ams wholeheartedly. So. there was
no time for computers.” This stu-
dent resented her secondary school

{4z



€8 experience, "I did not have
computer classes at least in my
{secondary schools]”

Students’ responses about the
fack of €S studies in secondary
schools are not surprising con-
sidering the status of computer
resources in their schools. About

computer, computing resources,
software, and connectivity. Though
principaly  and teachers believe

they need to have these, they do not
have money to buy them.”
Considering these students had
fimited use of computers at home
and in schools, and their secondary

ARG AE SIS

32% of the students reported that
either their secondary schools had
no computer facilities, or that they
had no access to any available com-
puters. The remaining 68% of the
students noted that their secondary
schools had computers, but these
students didd not agree on the gual-
ity of the available facilities or their
access to them. Generally, students
complained about low computer
to student ratios, Hmited access to
computer labs, a lack of advanced
software or applications, electric-
ity Huctuations, and slow Internet
access. One student stated, “There
were no computers in the H0th
{grade], not even in the Fith and
P2th {grades]” If computers were
there, “There was no Internet, very
few software,” which this student
disliked. One student complained,
“We had a computer [ab, which
was only open during the computer
class. We could not do anything
by oursebves” Another student
acknowledged, “Our school had a
computer fab for students who took
a computer subject. But, it was not
sufficient. Many students were us-
ing it at once. So, most of the tme,
you get to watch what others were
doing. You do not get to put your
hands on them.” The same was con-
veyed by this student, “They had
some computers. You have o make
a Hne and walt for your turn. i
there was a power cut, you missed
your turn” One student general-
ized, “it iy absurd to think about
S in schools unless you have a

a4

schools did not prepare them well
for the €S study at the university
fevel, it is important o investigate:
what made these students believe
that they could successfully fin-
ish a C8 degree? Merely enjoying
€8 does not guarantee success
in the field. Almost every student
their strong training in
mathematics with their enthusiasm

finked

to succeed in €5, Those students
who only felt that their secondary
school partiafly prepared them for
€S atuniversity mentioned Hmited
training in €S as well as a strong
foundation in mathematics. The
minority of students who felt fully
prepared for €S fauded their strong
training in both computers and
mathematics. As one student said,
*1 did not take a computer subject
in my school because [ wanted to
become a doctor. But, my school
taught me basic concepts of math,
which made me rather analytical
to handle €57
said, I did not know computers in
my school. But, they prepared me
in mathematics. That knowledge

Another student

helped me o understand €8 better
now.” This student acknowledged,
“I was not exposed © a computer
at afl. Seith, I am doing fine in €8
because 1 was prepared in math
anct physics.” One student efabo-
rated, “Math gave me knowledge
anc critical understanding of basic
concepts and principles. Because
of math, | learned how to reason
to sofve a problem, which method
to apply to solve the problem, how

FREEER

to articulate the problem logically,
what steps to follow and in which
order to tackle the problem, ete.
These are the keys to understand-
ing the C8

If students feel they cannot suc-
ceed in the C8 program, they will
try to avoid disappointing results
by finding alternatives. Only 10%
of the students interviewed had
considered changing thelr major
from C8. The remaining 90% were
evidently confident in their major
decision. The advantages, pros-
pects, and freedom they could gain
from a C8 degree encouraged the
vast majority to not consider a fu-
ture away from CS. Those students
who did consider other options
had no €8 experience before uni-
versity, making their coursework
seem somewhat bewildering. Afeer
this first year of doubt, however, all
of these initially unsure students
gained confidence in their abil-
ity to complete thelr degree in CS.
Ay this student acknowledged, “In
the beginning, 1 found CS rather
hard. 1 used to get disheartened. 1
thought maybe 1 should change it to
something else fike civil engineer-
ing. But, then 1 thought nothing is
going to be easy. There is going to
be a problem in all branches. So, 1
decided to stick to C5. And, 1 am
glad Istayed inCS" A similar mes-
sage was given by another student,
“l considered changing it in the
first year because 1 did not have a
background in CS. But, this was
the case with ever yone who did not
have any background in CS. At that
time, 1 thought perhaps 1 should do
biotechnolog y because T had knowi-
edge of biology. But, now 1 thank
God that 1 stayed in C85 because
it has a great scope’ This student
was firm, “No. 1 always wanted to
do well in C8. 1 don't want 0 go
to another field”’ Said another stu-
dent, “No. 1 do not want to change
my study. lenjoy CS a lot™”

Confidence in Mathematics
Attitudes toward mathematics and
gender-identity conflicts are seen
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as one of the main barriers to girly
achievement and participation in
mathematics in the U.S. There iy
a general perception that males do
better than females in mathemat
ics. In American schools, the in-
teflectual environment propagates
the stereotype that mathematics iy
a higher-order discipline for males.
it is often said that males and fe-
males have different mathemati-
cal abilities; although females do
well in mathematics, males tend ©
outscore females on standardized
tests. Most importantly, females
seem to have less confidence in
their mathematics abilities and do
not show as much interest in ca-
reers requiring mathematical skilly
than males do.

in contrast, the case study of fe-
male students in India hay shown
that gender does not seem to play
any rofe in acquiring mathematical
anct problem solving skills. Female
students take courses in mathemat-
ics, perform well in them, have
confidence in their abilities, and
show interest in careers that require
mathematical skills. By excelling in
mathematics, female students dem-
onstrate thelr smartness and intel-
Hgence. Those who do not perform
well in mathematics consider taking
the medical Hne (Le., medicine, bi-
ofogy, or chemistry}. If they are un-
able to do well in mathematics and
biology, then they consider taking
the art Hne (Le., humanities, social
sciences, languages, or business}. In
india, arts, humanities, and social
sciences emerge as felds that are
for male and female students who
are supposedly “not” good in math-
ematics and biolopy related fields,
This suggests that male success in
mathematics i not due to an intrin-
sic interest for boys. Similarly, there
is no biological difference between
boys and girls that allow boys to do
well in mathematics. Instead, hard
work is seen o solve scientific and
technical problems for both sexes.

A guestion of importance i why
mathematics does not appear as a
male domain in India considering
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the Indian social context. Indiy
social system remains “patrifocal”
25} Under the patrifocal system,
females are subordinated o fam-
ily: inheritance is patrilineal; resi-
dency is patrilocal; family roles are
differentiated along gender lines;
marriage is controtled by family;
anct women are expected to practice
chastity, domesticity, and obedi-
ence. Patrifocality results in a strong
preference for sons over daughters.
This study has not dealt with how
mathematics is taught in schools in
India. There is a need o study both
the substance of mathematics and
teaching methods in India

The case study of Indian female
students provides convincing argu-
ments for stronger mathematical
skills in CS. The female students
interviewed believed their strong
training in mathematics played a vi-
tal role in their enrollment and per-
sistence in the CS program. Even
when they had Hetle exposure to the
computer and computing, their com-
fort level in the C8 program was at
tributed to their strong background
in mathematics. 1f they are in C8
at the undergraduate Tevel, it means
they are good at mathematics. The
ability to understand mathematics
and the confidence that goes with
this comprehension helps women
to both o succeed in C8 courses
and to stay in C8 if, during their
studdy, they stumble in some cours-
es. Mathematics enhances  self-
confidence, and instills in women a
“you can do it attitude. This poes
against proposals in U.S. bodies that
mathematical skills need w0 be de-
emphasized while promoting €3 o
attract more women. The case study
of female students in Inelia suggests
that this may be the wrong approach
if the goal i W attract women who
will do well in a tradidonal CS un-
dergraduate program. In fact, it may
be even harmful because i during
their studies, they are unable to suc-
ceed because of deficiency in math-
ematical ability, it is Hkely to be
extremely discouraging to them and
they are Hkely to feel cheated.
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An issue of importance is what
specific mathematical  courses
should be emphasized for CS. The
case study of Indian female students
in C8 highlighty that mathematics
courses inspire rigor, logical think-
ing, analytical skills, and problem
sobving abilities in students. Inother
words, specifiec topics in mathemat
ey are not as important as having
maturity in mathematics. These
students believed they were able
to be creative in their approaches
to CS because of their background
in mathematics. Familiarity with
thinking seems (o
have prepared these female students
for all stages of C8.

Barly exposure o computers
s seen ay essential o generate an

mathematical

interest in education in C8 at uni-
versity level in the US. In fact, the
term “digital divide” highlights
the disparity between those who
have full access to 1T and those
who do not. The digital divide is
seen as a symptom of socioeco-
nomic status, income, educational
fevel, age, geography, and so forth.
Schotars, educational leaders and
policy makers have focused their
attention on 1T in schools and
trained 1T teachers because bet
ter resourced schools, it is argued,
are more likely to provide their
students  with regular computer
access: and teachers with skills o
use 1T technology effectively are
Hkely to increase their students’ €8
abilities. The case study of female
students in India has shown that in
some sense, having Hmited access
to computers at school or home,
or having little prior experience in
programming are not determining
factors in the long-term study of
TS, 'This is not to suggest that hav-
ing access to computers in school
and/or home iy irrelevant in India
and elsewhere, only that it need not
be a major issue in the under-repre-
sentation of women in C8.

S Careers Aliernatives
A S career can be viewed as a

kind of “lberation theology” as

| a3



it enables Indian women coming
from traditional households to work
in chatfenging high-skilled jobs in
a less threatening environment,
as well as earn financial indepen-
dence. C8 also offers women an al-
ternative to medicine and a higher
salary compared o disciplines with
less job opportunities. Jobs with a
CS degree are available in many
industries, both private and public,
inchuding non I'T industries. Fur-
ther more, earning a high salary can
have many benefits for a woman
in a traditional family, Instead of
being pushed into a marriage and/
or having children, the promise of
a stable financial situation can help
women persuade their family that
a career in CS would be beneficial,
It might be possible to argue that a
CS career is especially attractive
to women as it does not require
dirtying your hands during field
work or laboratory work. Unlike in
other natural science fields, such as
physics, chemistry, and biology, C8
enables workers o bring the labora-
tory home on a laptop, USB and via
an Internet connection.

To sum up, the case study of fe-
male students in India has shown
that because they perform well in
mathematics, they have high self-
efficacy for enrolling and remain-
ing in CS. The new domain of
CS builds on prior skills in math-
ematics. This suggests that C8 and
mathematics share skills. There is
a neect to carry out a comparative
studdy of how mathematics is taught
to girls and boys in the U8, and
Indin in order to understand issues
related to gender and mathematics.
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