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I
n the spring of 2000, Timothy Leth-
bridge released a study of the knowl-
edge that practicing software profes-
sionals find important.1 One of his
claims is that practitioners find little
use for mathematics in their jobs; they

particularly feel that a significant disparity

exists between math’s prominence in their
educations and its actual day-to-day impor-
tance. In a subsequent Loyal Opposition
column, Robert Glass discussed this finding,
suggesting that educators should rethink the
attention they devote to mathematics in
computing curricula.2

On the contrary, we believe that properly
educating students to use mathematical rea-
soning as a tool for software development
makes them better professionals. We con-
sider any use of the techniques, concepts,
and processes of mathematics or logic to
solve problems, whether that use is explicit
or implicit, to be mathematical reasoning.
As computer scientists and educators, we
find such reasoning invaluable in our own

work. In this column, we review evidence
that mathematical reasoning increases a
software developer’s competence. We sug-
gest that a resolution of the apparent con-
flict between this evidence and that gathered
by Lethbridge lies in what it means to
“properly” educate developers in mathe-
matical reasoning.

Math and educational success
The oldest indications come from studies

of factors associated with students’ success in
learning computer science. Researchers have
conducted a number of such studies since the
early 1980s. All found a strong correlation
between mathematical ability and success in
introductory computer science courses. For
example, in 1980, John Konvalina and his
colleagues compared students who withdrew
from a first computer science course to stu-
dents who stayed.3 They found that the
number of previous college math courses and
total number of previous math courses (col-
lege and high school) were the statistically
most significant differences between the
groups, with students who stayed in the
course having more math. In 2000, Brenda
Wilson and Sharon Shrock correlated
midterm exam scores in an introductory
computer science course to 12 possible suc-
cess predictors.4 They found that high school
math background was the second-most im-
portant predictor. While both Konvalina and
Wilson studied US students, another study
correlated various background factors to fi-
nal exam scores for Irish students in an intro-
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ductory programming course for non-
computing majors.5 They found a sta-
tistically significant positive correla-
tion between final exam scores and
scores on a secondary school “leaving
exam” in mathematics.

Although none of these studies
tried to prove that mathematical ap-
titude causes students to succeed in
computer science courses, finding a
strong correlation in multiple genera-
tions of students and in multiple edu-
cational systems certainly suggests
some connection between mathemat-
ical ability and programming ability.
Also, all these studies examined first
programming courses; explicit use of
math typically has little if any place
in such courses and so cannot ac-
count for the correlation between
math background and success.

Keith Devlin suggests that the con-
nection between mathematical and
programming ability lies in abstrac-
tion’s essential role in both math and
software development.6 He argues
that facility with abstract reasoning
in mathematics also improves your
ability to reason abstractly about
software. Although no one has em-
pirically tested this argument, it is
certainly interesting.

Formal methods and
programming success

Another strand of evidence lies in
attempts to empirically validate the
claims made for formal software de-
velopment methods. For this discus-
sion, we define “formal methods” as
any use of mathematics or logic to
specify or verify a software system’s
features. Many claims made for for-
mal methods remain untested and
are probably exaggerated, but evi-
dence exists that formal methods can
help improve software quality. For
example, Peter Larson and his col-
leagues describe a head-to-head com-
parison of the development of a
trusted gateway system both with
and without formal specifications.7

The system produced using formal
specifications had fewer defects, ran
faster, and had a simpler code struc-
ture. Shari Pfleeger and Les Hatton
reviewed an air traffic control project

where some parts were developed
with formal methods and some with-
out.8 They cautiously concluded that
formal methods in conjunction with
other techniques did improve soft-
ware quality.

The benefits attributed to formal-
ism in these studies were often due to
simple uses of it, little more than us-
ing mathematics to state specifica-
tions or designs. Even this modest use
of mathematics, coupled with other-
wise traditional development prac-
tices, produced these benefits:

� Developers could identify impor-
tant conditions early in design in-
stead of when nearly complete
code failed tests.

� Bugs introduced during coding
were easier to detect in testing.

� The bugs were correctable with
less drastic repairs.

So, although formal methods are not
the silver bullet for all software evils,
developers do appear to benefit from
using mathematics, even in modest
ways, alongside other tools.

Interestingly, some of the argu-
ments against formal methods are that
they are “too mathematical,” that
only specially trained people can use
them, and that providing this training
to most developers is too expensive.
These are, of course, all reasons why
software engineers need more, not
less, mathematical education.

Applied, not isolated, math
On the basis of the evidence we

just described, we feel that an ability
to think and communicate mathe-
matically does benefit software de-
velopers. At the same time, we do not
doubt Lethbridge’s finding that prac-
ticing developers find math relatively
unimportant. How to explain this
contradiction? 

First, it is important to realize that
what ranked low in Lethbridge’s
study was relatively pure mathemat-
ics—calculus, differential equations,
and so on. Mathematically based ele-
ments of computer science—for ex-
ample, computational complexity
and algorithm analysis, and formal
methods—ranked around the middle
of the surveyed topics. So, developers
appear to value areas of computer sci-
ence that draw heavily on mathemat-
ics more highly than they value math-
ematics in isolation from computing.

This leads to a second, more im-
portant, point: “mathematics in iso-
lation from computing” is exactly
what most undergraduate computing
curricula teach. These curricula teach
math in “related” (a word that stu-
dents inevitably translate as “not
central to computing”) courses in a
separate department, and seldom if
ever use math in software develop-
ment or programming courses. It is
no wonder that such treatment leaves
students with little understanding
that math might apply to computing
problems, let alone with any practi-
cal ability to apply math. As the old
saying goes, “If you have a hammer,
everything looks like a nail”—to de-
velopers educated only to use “ham-
mers,” very little looks as if it re-
quires other tools. Yet those who can
wield the other tools reap benefits.

I f we are right, then software edu-
cation needs to better integrate
math into the main computing cur-

riculum and to more systematically
apply math to computing problems.
Attempts to do this to parts of the
curriculum exist (for example, both

Although formal 
methods are not the
silver bullet for all

software evils,
developers do appear to

benefit from using
mathematics, even in

modest ways, alongside
other tools.

LOYAL OPPOSITION



M a r c h / A p r i l  2 0 0 2 I E E E  S O F T W A R E 3

DEPT TITLE

of us have developed mathematically
integrated introductory sequences),
as does at least one complete experi-
mental curriculum.9 No one has yet
compared graduates of such pro-
grams who are in the workforce to
graduates of less mathematically in-
tegrated programs, but such a com-
parison would be quite useful. In the
meantime, it is premature to con-
clude that mathematics is unimpor-
tant to software practitioners or that
it should be reduced in undergradu-
ate computing education.

Further Reading
See www.math-in-cs.org/relevance.html

for further references to the ideas discussed in
this column.
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