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ABSTRACT
The way computer science students approach the relation-
ship between mathematics and computer science, and espe-
cially how they perceive the importance of the former in the
study of the latter, is the object of this study. Data was
collected by conducting interviews of ten students. Using
a phenomenographic methodology, we have come up with
six categories corresponding to an increasing level of per-
ception of importance among students from bachelor and
master levels.

Categories and Subject Descriptors
K.3.2 [Computer and Information Science Education].

General Terms
Human Factors, Theory.

Keywords
Computer science education research, phenomenography, math-
ematics

1. INTRODUCTION
Mathematics are often seen as the basis of any scientific ed-
ucation. Computer Science education is not an exception
and mathematics is present in all the programs to different
extents. Students have diverse views on this, teaching of
mathematics is usually separated from the application and
focuses on the theory. While some of them agree that it
is very important for their studies and career, others think
that they had more mathematic courses than they really
used. What we would like to further research in the scope
of this project is how computer science students perceive the
importance of mathematics in their studies and future ca-
reer.
A qualitative research has been carried out using the phe-
nomenography technique, based on the analysis and inter-
pretation of a number of interviews with students for various
levels.

After presenting the research approach used to investigate
this topic, we will go through a number of related works.
The study and its results are then presented.

2. PREVIOUS RESEARCH
This issue are covered by many studies that emphasize the
different approaches. Each study starts with a different
question and brings new ideas on the issue. The study that
was performed by Paulson [1] is a good example on this mat-
ter. He tries to find the disadvantages of having inadequate
mathematical background in CS courses and he indirectly
shows the importance of Mathematics in CS based on this
question. This approach is a bit different from our starting
point. He generally accepts the importance of Mathematics
but he does not emphasize the parts of Mathematics and CS.
In this research, we will consider this question; Which Math-
ematics? Which CS? Both of these questions are wide. We
consider their intersection points while pointing the impor-
tance of Mathematics. There is also another research which
was written by Ralston [2]. He catches the issue with a dif-
ferent starting point. He tries to find the reasons of why we
need Mathematics in CS curriculum and he maintains the
argument with an approach like do we really need Mathe-
matics? His approach is different than ours. We try to find
the level of importance of Mathematics. It can come to a
conclusion like it helps CS in very low level but we donÕt
lock the issue to a negative result in terms of importance.
The last research by Tay [3] has almost same starting point
like in this study.. He starts with the aim of finding the
level of importance of Mathematics, that means the related
points of Mathematics and CS. He also performs in a qual-
itative research framework. However, the difference with
our research is the style of giving conclusions. Tay prefers
showing certain Mathematics topics and their related topics
in CS. For example; ”invaluable proofs for Hardware Veri-
fication”. He concludes that there are lots of mathematical
concepts that should be used in CS and he tries to show
these direct relations. However, in this research, the level
of this intersection will be shown. To exemplify; Mathemat-
ics is important for the application level in CS. We do not
need to to show direct matching topics. Tay’s study requires
more Mathematics proficiency for both the researcher and
the readers of the study.

3. RESEARCH APPROACH
This study aims to understand the importance of in science
background knowledge of mathematics in computer science
as well as how it helps in future career as computer scien-



tist. It investigates the ways in which mathematics helps to
learn the computer science. This study approach is quali-
tative where data are gathered through interviews and are
further analyzed using phenomenography. This research ap-
proach was used to reveal the degree importance of math-
ematics in computer science. The data for this approach
is normally gathered through interviews and the interviews
are later transcribed. Basically, they have fewer number
of interviewees about 10 -12 in general. It uses purposive
samples. While performing analysis on data, the researcher
takes quotes from the interviews that explains the phenom-
ena under investigation and sorts them into piles represent-
ing different categories. The interviews are analyzed again
and again in order to try different interpretation.

Phenomenography is a qualitative research framework within
the interpretivist paradigm, that investigates the qualita-
tively different ways in which people experience something
or think about something [4]. Phenomenography, an ap-
proach to educational research that appeared in publications
in the early 1980s [5, 4], initially emerged from an empiri-
cal rather than theoretical or philosophical basis [6]. Phe-
nomenographic study can be described as relational and ex-
periential. More specifically, the present study is concerned
with the ways how mathematics helps learning computer
science. phenomenographic descriptions are based on ways
of understanding particular phenomena or aspects of phe-
nomena and, so, are qualitative. A phenomenographic data
analysis sorts the perceptions, that emerges from the data
collected, into specific ’categories of description’ [6, 5, 4].
The set of categories of description is sometimes referred to
as an ’outcome space’. These categories (and the underlying
structure) become the phenomenographic essence of the phe-
nomenon. They are the primary outcomes, and the most im-
portant result of phenomenographic research fmarton:1986.
Phenomenographic categories are logically related to one an-
other, typically by way of hierarchically inclusive relation-
ships [4, 7] although linear and branched relationships can
also occur [6]. In other words, in phenomenographic re-
search, the description of the perceptions constitutes the
main outcome. The perceptions are presented in categories
of description. These categories are drawn from the data;
there is no attempt to ” f i t ” the data into pre-determined
categories. The categories are based on the most distinc-
tive features that differentiate one perception from another.
The categories are presented in the form of a hierarchy of
perceptions, reflecting increasing levels of perception.

4. THE STUDY
As stated earlier, this research study is based on the qual-
itative research methodology where phenomenographic ap-
proach was used as a tool to conduct the study. The par-
ticipants in the interviews were ten students from under-
graduate and graduate students studying Computer Science
in Uppsala University, Sweden. The interview was carried
out using semi structured interview. There were altogether
5 questions, with each student answering all the question
in an interview of approximately 30-45 minutes. The data
collected from the interviews were then transcribed and an-
alyzed. the main outcome of the data analysis from the
interview led to six different categories. the categorization
are related to each other. The categories show the opinion
of students about mathematics in computer science.

5. THE FINDINGS
The following categories have been identified.

5.1 Computer Science is useful to solve math-
ematical problems

One of the categories that we identified but that was not
very present in the views of the students is that Computer
Science is important to Mathematics. It was expressed for
example in this excerpt:

[3] It is hard to tell about which part of computer science
requires more mathematics but yes, in the field of scientific
computation and scientific research mathematics is mainly
employed.

This view perceives that in order to make long computations
for some problems, when the models are complex or when
it is not practical, sometimes even impossible, to solve ”by
hand”, using specialized tools comes very useful. Computer
Science here is viewed as a set of tools (Matlab, R, É) that
allow students exploit the power of computers in order to
solve mathematical problems.

As mentioned above, this view was not very present in the
interviews and will be separated from the other categories.

5.2 Mathematics is only important in advanced
areas

Six of the participants say that basic Mathematics is enough
in CS courses. However, it is sometimes needed to know
more advanced Mathematics. For example; there are some
large projects within some CS courses and they require ad-
vanced Mathematics to go deep into them. One of the par-
ticipants thinks that ”... Mathematics is involved in some
special parts of CS, in crucial projects like railway, aircraft
simulations, etc.. ” This means that some students donÕt
consider Mathematics as very related to the CS. It is just
being used in advanced areas of CS. If you don’t take part
in such advanced projects, it is useless to know more Math-
ematics. Another participant says that ”In my opinion, it
is enough to take main Mathematics course to have basic
abilities that are required in CS. If you come across some
deficiencies in your studies, you can handle with them by
using Internet or just asking for help from you friends.Ó
He believes that to have lots of Mathematics courses in CS
curriculum causes waste of time. To have basic abilities is
enough to improve yourself when you need more Mathemat-
ics. As to work life, some students think that Mathematics
is no longer used by Computer Scientists. There are mathe-
maticians in big projects if it really required advanced Math-
ematics. It is not perceived as a responsibility of a Computer
Scientists to know advanced Mathematics. To sum up, ba-
sic mathematical background such as Calculus is important
for all students to be able to use Mathematics as a tool to
implement some computations, loops, formulas. It doesnÕt
have a big place in CS. There are special areas that requires
Math and students can improve themselves if they are re-
ally interested in such areas. Mathematics is essential as
depending on what you will do in your studies and career.



5.3 Mathematics is useful for application
Seven students think that mathematics is really helpful while
studying different areas like software engineering, computer
networks, programming. Software engineering is all about
abstraction so they get benefit from the mathematics they
learned in school and at university to do reasoning with
purely abstract objects and structures. Similarly some stu-
dent found that mathematics helped them in computer net-
works, binary/decimal base conversion.

”Yes actually I use a lot of maths in computer networks, to
calculate sub nets address masks, also”

They think that the mathematical background helps them
to understand and develop logic while programming. ”Math
makes one a better programmer because programming is
based on Math/Logic. ”

Mathematical knowledge like linear algebra, calculus helps
in computer science application wavelets, transformations
in computer graphics, Google’s PageRank algorithm, linear
programming optimization, and quantum mechanics. Sim-
ilarly, probability is useful in statistical based model like
decision support system. The intensive use of mathematics
can be seen in game programming. The student thinks the
advance mathematics knowledge assists them in the differ-
ent of computer science fields. ”I think it can be helpful for
some fields, data mining, sampling, signal processing, it can
be very helpful, Fourier, Laplace ... that kind of stuff”

It was observed that some student think that basic math-
ematical background is enough whereas others think that
they need advanced mathematical background to implement
various practical applications in computer science.

5.4 Mathematics is important to understand
the theory

This category presents a more global view of mathematics
than the previous one. Not only mathematics here are per-
ceived as a number of tools and set of know-how like sum-
ming a sum or more complicated operations on numbers, but
it is seen as a theoretical ground to some advanced fields in
computer science. The following sentence

”Yes, all those data structures, recursion and all that, also
for functional programming it’s easier to know, all the logic
part, also linear programming like optimization where alge-
bra is very important É graph theory”

cites a number notions and fields, for which having a good
mathematical knowledge helps getting a deep understand-
ing. This perception is more present withing students with
an advanced level (Master students), and actually reflects a
sound understanding of the mathematics behind computer
science. Students who express this understanding usually
also express the next category.

5.5 Computer Science and Mathematics are
the same discipline

There were altogether five students who perceive computer
science and mathematics goes hand by hand. Without math-
ematics background, it is hard to learn computer science.

The base for both mathematics and computer science are
the same. The knowledge of mathematics helps to conceptu-
alize various fields of computer science. The way of learning
computer science is the same as mathematics. The student
think that many fields of computer science involves mathe-
matics and teachers uses mathematics to clarify the concept
of different subjects.

5.6 Maths is important not only as in CS but
in general

Eight of the students think that Mathematics is really im-
portant within life not only CS courses. Everybody should
know Mathematics at a certain level. If you plan a career
in computer area, it tremendously matters for you. It in-
creases the quality of your career life. You can reach more
career choices. A student says that ” it helps you think bet-
ter, it makes possible to analyze something in an efficient
way.” That means Mathematics makes people good problem
solvers and effective analysts that make you favorite in your
career. Besides these, students think that Math has a huge
thinking discipline which teaches the people how tothink!
And if you know how you will think on something, you can
construct new ideas, catch the relation between things and
it makes you creative and productive. In addition to these,
some other participants think that Mathematics improves
learning ability of a person. Using a domain set and coming
to a conclusion is the discipline of all sciences. Therefore, if
you are good at Math, you can easily handle with new learn-
ing processes by this ability. You can make deductions and
you can make a problem measurable and reasonable. It is re-
ally important in Software area as many participants think.
”I feel one or two more advanced course in mathematics with
its implication to computer science would have been great
to keep me running into this field. This will help me work
efficiently as programmer as well as analyst in any research
task without assistance from elsewhere.” Being a Software
specialist requires creative ideas, effective solutions. Mathe-
matics gives you this perspective because it teaches to make
comparisons between the things and this brings the most
effective solutions.

Categories
cat1 Computer Science is important for Mathematics
cat 2 Basic mathematics are enough
cat 3 Mathematics are important for applications
cat 4 Mathematics are important for the theory
cat 5 Mathematics and CS are the same
cat 6 Mathematics is important everywhere

Table 1: The identified categorization

6. IMPLICATIONS AND CONCLUSIONS
The different understandings of the importance of Mathe-
matics have been identified within this paper. Qualitative
research methodology gives us the opportunity to find com-
mon understandings between the students that have expe-
rienced the importance of the Mathematics. Six categories
have been specified after the interviews. That means, there
are six different kind of perception of the importance of Math
in CS education. A hierarchical order can be observed be-
tween categories. Starting from the end, each category en-
compasses the upper one.



In the first category, Mathematics is not being considered
important for CS, but CS is being conceived important for
Math. That means, students think that Math requires com-
puters to make advanced computations. We should say that
these students are not really expert in CS. They are mostly
in their first year and donÕt have advanced courses that
really requires Math.

In the second category, students think that Basic Mathe-
matics is enough to cope with CS courses so curriculum
should not be full of unnecessary Math courses. The stu-
dents that are familiar with basic concepts of Maths, can
improve themselves, if they need more Math in advanced
areas. The students in this category are mostly in their first
year again and they are just taking introductory courses of
CS.

As to third one, students consider Math as important for
applications. That means, for example Math is useful in
programming to be able to understand and apply loops, for-
mulas,etc.. They also think that just some parts of Mathe-
matics is enough for applications.

Fourth category shows a bit more advanced understanding.
Mathematics is important to go deeper in the theory of CS.
You can learn more on a topic, if you know more Math-
ematics because it gives an advanced understanding of the
concepts of CS. The students that think like this, are mostly
Master students and it is obvious that they have more crit-
ical ideas on this issue. They also think that learning CS
is difficult because it is full of abstract concepts and Math
makes them understandable.

In the fifth category, students think that CS and Mathe-
matics are the same. That means, they have same root and
same discipline. Therefore, if you are interested in Math,
that means you know how to think and how you can un-
derstand CS. They are really related. The students in this
category also give some examples of Mathematicians that
become a Computer Scientist later.

For the last category, it really shows the importance of Math
not only in CS courses but also in life. The main ideas here is
that, Math makes us problem solver and analytical thinker.

As it can be clearly seen there is a hierarchical understanding
between students. Some of them see Math as unnecessary
whereas some others say it affects our whole life. Beside
this, it is clear that as long as someone is specialized in CS,
the giving importance to the Math is increasing. The results
of this study come up with new ideas and it might help CS
education curriculum because there is a majority who thinks
that there are unnecessary Math courses in curriculum. Ba-
sic Math is enough in CS so curriculum might get rid of
unnecessary courses.
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