Students Learn CS in Different Ways.
Insights From an Empirical Study

Anders Berglund
Department of Information Technology
Uppsala University
Uppsala Sweden
+46 7042502 11

anders.berglund@it.uu.se

ABSTRACT

This empirical study demonstrates that students' learning of com-
puter science takes place in qualitatively different ways. The re-
sults consists of categories, where each category describe a certain
way, in which the students approach their learning. The paper
demonstrates that some of the ways to tackle the learning are better
than others in resulting in a good learning outcome, and that they
therefore should be encouraged. The data, underlying these results,
are collected through interviews with third and fourth year students
in two countries, and are further analyzed, using a phenomeno-
graphic research approach.

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

General Terms
Human Factors.

Keywords
Computer science education research, the act of learning, phe-
nomenography.

1. INTRODUCTION

How a student approaches her/his studies explains partly the differ-
ences in the results between individuals [13], [14]. Let us, for sake
of the example, consider a student who is trying to learn formulas
and standard solutions by heart. She/he is less likely to develop an
advanced understanding of that which she/he tries to master (for
example, a network protocol) than someone who is searching for an
underlying meaning, and tries to integrate the newly learned con-
ceptsinto what she/he already knows.

This study analyses the different ways advanced students in com-
puter science approach their studies. The outcome consists of a set
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of categories, that describe the different ways in which the students
tackle their learning of computer science concepts.

The study is performed by computer scientists' (with a strong prac-
tical and theoretical background in educational research) in a rea
teaching situation. Exactly here, in its origin within computer sci-
ence, lies the key strength in the current work. Each of the catego-
ries, as well as those particular aspects of a category that distin-
guishes it from another, are sprung from computer science, and are
thus described in the terms of the field. It becomes easy to bring the
results back into teaching situations, since the results “talk com-
puter science”.

The value lies on different levels: Firstly, a teacher who is aware of
how her/his students approach their studies, and which ways of
studying are better than others, is better prepared for her/his teach-
ing. Secondly, the project is intended as a platform for further re-
search into teaching and learning of computer science. As a conse-
quence of these aims, the paper offers general insights on how CS
is learned by our students, but does not offer concrete advice “on
how to teach”.

The following section introduces the theoretical framework used in
the study. In section 3 the landscape of related research is outlined.
Section 4 describes the setting in which the study took place. The
empirica results are presented in section 5, while the last section
analyses the conclusions and looks further into new research pro-
jects.

2. THE PEDAGOGICAL RESEARCH
FRAMEWORK

For a researcher, who aims to explore students' learning, a thor-
ough research approach® is crucial for getting a reliable result. An
approach offers guidance on both practical (procedural) issues,
such as how to collect data or perform the analyses, and on theo-
retical issues, such as trustworthiness and reliability. The research
approach comes to serve as a “theoretical lens’ that makes certain
aspects of aresearch object or situation clearer, while other aspects
cometo reside in the background. Thus, the researcher has to select

1 A research framework or a research methodology are also com-
mon terms for what we in this paper call aresearch approach.



an approach that is good for obtaining results of the desired kind,
that is appropriate in the setting in which the project takes place,
and with which the researcher her/himself is comfortable [6].

2.1 Phenomenography

In this project, the aim is to describe the different ways in which
the students themsel ves experience how they go about learning. For
this purpose, phenomenography [13] is selected as a research ap-
proach. It has previously been successfully used in studies of how
university students understand core concepts in computer science
(see for example [1] for computer network protocoals, [3], [2] and
[7] for programming, [8] for the concepts of class and object, [10]
for data structures).

Phenomenography is a qualitative, empirically based research ap-
proach that aims to interpret, describe, and categorize how a phe-
nomenon (for example a network protocol, or the aims students
have for taking a course) is experienced or understood within a
group of students. Each of the resulting categories comes to de-
scribe a certain way in which the phenomenon under investigation
is understood. The categories, taken together, describe the variety
of understandings that can be found in a group. Still, they cannot
serve to count individuals, since an individual can express positions
that fits in many categories. Furthermore, students are not selected
to be statistically representative, but to represent various back-
grounds, earlier study results, gender, age, etc.

Data for a phenomenographic study is normally collected through
interviews, which are later transcribed. Normally the number of
interviewess is rather low — ten to twelve are normal numbers —
since the aim is to reveal variation in the students understanding,
rather than to discuss the properties of a“sample”.

During the analysis the researcher takes quotes, that illustrates the
students’ experience of the phenomenon under investigation, and
sorts them into “piles’ that represent the upcoming categories.
When doing so she/he goes back and forth between the interviews
and the “piles’ in order to try different interpretations. This is a
demanding, iterative process, full of failed attempts and incorrect
interpretations, before the researcher reaches her/his final outcome.

Since the categories illustrate different aspects of the same phe-
nomenon, they are logically related to each other. Were they not,
they would describe aspects of different phenomena. In generdl,
some categories offer awider or richer perspective and often come
to embrace others in an inclusive structure. As will be illustrated in
the results section of the paper, the more embracing categories are
generally more desirable.

There are different means to evaluate the reliability of the results:
The logical structure can be examined; the process and the results
can be discussed with, and be examined by other researchers. Fur-
thermore, through the use of a phenomenographic framework, a
language and a theory is available, that let the researcher compare
her/his findings with the insights gained by other researchers. A
deeper discussion of phenomenography, its theoretical underpin-
nings and applications, is given in [13], while [1] offers details on
the current project.

2.2 Theact of learning

Learning, as it takes place in rea situations is complex and multi-
facetted. In order to offer aframework for analysing learning, phe-
nomenography introduces a distinction between two aspects of

learning: (1) the what aspect of the learning, describing the content
of the learning (for example a network protocol) and (2) the how
aspect, describing how the students go about learning, or how they
tackle their learning. While the first normally is referred to as the
object of learning, the latter is labelled the act of learning. This
distinction is, as Marton and Booth [13] point out, purely analyti-
cal: the aspects can only be “thought apart” for research purposes
and do not represent different concepts.

It is sometimes tempting to draw parallels between phenomenogra-
phy and psychologically based theories of learning. However, the
differences are important: While psychology discuss what learning
is, independent of what the learning is about and the context of that
which is learnt, phenomenography studies the experience of learn-
ing something, in a particular setting. Thus the phenomenographic
concept of the act of learning always refers to how students go
about, tackle or act to learn something specific; for example con-
cepts in computer science, mathematics or economics, while psy-
chology has learning in itself as one of its primary objects of re-
search.

3. RELATED RESEARCH

Although the results of a phenomenographic study concerning the
act of learning describe how students go about learning something
specific, it is possible to draw generalized conclusion on how stu-
dents go about to learn.

Marton, Beaty & Dall’ Alba [12] have discerned six different ways
of approach the studies among Open University (OU) in social
science students in the UK, while Marshall, Summers & Woll-
nough [11] in their work on learning in an engineering context
presented five categories. The broad picture formed by these two
studies, and that are confirmed by other researchers ([4], [9], [14])
are similar: while the least advanced categories relate to words,
syntax, texts etc. of that which is learnt about, the advanced catego-
ries sees the big picture and focus on the content of the learning
and contextualises it. The differences between the studies are, Mar-
shall, et a. argue, fine-tuned and related to the various cultural and
educational contexts, that makes “different aspects of the learning
experience be foregrounded or accentuated in different contexts”
([11], p. 305). They aso express differences between different
subject areas and the following different kinds of efforts that are
need for good learning. These differences thus come to display
what is characteristic for learning in a certain subject area from the
students’ point of view.

It is interesting to contrast these findings with the results of the
only two studies on the act of learning computer science that have
been made. Booth [2] and Bruce et al. [3] have both studied intro-
ductory courses, where they revealed fewer, and different, catego-
ries compared to the studies mentioned above. Although further
research is needed to determine the reasons for these discrepancies,
it could be assumed that the different student populations: begin-
ners (Booth, Bruce et al.) and advanced students (other studies) are
important. Only students who have a long experience in studying
computer science can develop advanced understandings of con-
cepts within the subject.

4. THE STUDY

The findings discussed in this paper stem from phenomenographi-
cally analyzed interviews with seventeen students who took part in



an international, project-based course in computer systems. They
were in their third and fourth year and were aiming for a Masters
degree in Computer Science ([1], [5]). In the course they worked in
cross-national teams of six, with three students located in Sweden
at Uppsala University and three in Michigan, USA, at Grand Val-
ley State University. In their projects, the students developed a
software system to control a motorised toy from a web browser..
The task was demanding for the students; to succeed the team
members had to collaborate. They interacted using different ICT-
based tools, such as IRC and e-mail. The year from which the data
in this study stems, the students were asked to select a program
package created by a student team during the previous year and to
further devel oped this code package.

This project forms the background against which the interview data
have been analysed. Often, the project and the project teams were
referred to by the students during the interviews.

5. EMPIRICAL RESULTS

The results primarily consist of seven categories, each of which
describe a way in which students act to learn computer science.
They differ in their “richness’: the more advanced categories (with
a higher number) describe a more complex, or sophisticated, way
of acting to learn. Table 1 summarizes the categories. Each row
correspond to a category, while the columns A — F indicate the
aspects that builds each of the categories. For example, category 2
only contains one aspect, namely Learning in computer science as
an academic discipline, while the last category, number 7, contain
all aspects.

Some categories are illustrated by interview scripts. Certainly, the
full interviews lie behind each of the categories, but space does not
allow more than selected examples. The extracts serve to “flesh
out” some categories and to give the reader a “feel” for what the
students say, and how we have interpreted their statements.

Cat 1. Learning CSthrough learning to use application programs
What it means to learn computer science is in the first category
described as learning to deploy application programs. The category
focuses on the tools that are used, and neglects other aspects of the
field. This category differs from the remaining six in that it does
not focus on computer science, as it is known to and taught by the
computer science community. For this reason it comes to stand
outside the hierarchical structure.

Cat 2. Learning CSthrough learning about isolated concepts

The second category expresses learning of computer science as
learning about isolated concepts of computer science. The inter-
view excerpt with Staffan? illustrates:

Interviewer: Have you learnt any computer science through
working with the camerathen [...]?

Staffan: Yes you bet, | have found out a bit more about
Linux, how you install things, and download new sources
and compile them. That sort of thing, it was quite alot of fun
but at the start we had a lot of problems with the computers
as well, both Magnus and Michael’s computers crashed a

2 The Swedish students are assigned names that start with an "S",
while the names of American students start with an ”A”. Students
that are referred to in the interview scripts are assigned names
starting with an “M”.

few times so we had to reinstall everything, yeah, otherwise,
well yeah it was alot of stuff like that as we learned the tech-
nical stuff.

After this statement, the theme is continued, and Staffan named
more topics, such as compiling and installing the operating system
Linux. His statements never touched upon what learning meant, or
what was done with that which was learnt. Only the catalogue of
computer science concepts was offered.

What is new in this category, compared to the first, is that com-
puter science is seen as an academic discipline with a certain con-
tent.

Cat 3. Learning CSthrough consolidating what is already known
In the third category, the computer science concepts are still seenin
isolation. Learning is here understood as getting deeper insights, or
consolidating what is already known.

As an example from one of the many quotes that underlie this cate-
gory, we can listen to a few words by Samuel. He argued that
“some of the knowledge | had [...] became a lot clearer for me”.
The underlying meaning is that the insights become clearer by
working in this project.

In contrast to what was present in the previous category, the stu-
dents here “do” something with that which they learn. They “go
deeper” or consolidate their previous knowledge. Thus, since a
particular way of learning is pointed out, there are different waysto
learn.

Cat 4. Learning CSthrough analysing systems

This category introduces the idea of a whole, of which different
concepts are parts. To study such a programme makes it possible to
explore the role of the parts, and thereby to learn. The interview
extract below is taken from alonger discussion, in which Abraham
discussed what his team did in order to get started with their project
and how he valued the different steps the team took.

Interviewer: Are there advantages of that?

Abraham:  [..] look at the code a lot, mostly ‘ cause we were
trying to figure out what was wrong and it did make us ex-
amine how everything was working. So | guess if the code
had worked right away in away we might not have looked at
it so closaly, | think.

Abraham had earlier told the interviewer that the team had been
frustrated concerning the code they have selected. The fact that the
code did not work when the students initially got it (see section 4),
forced them to analyse it in detail. Abraham mentioned this as an
advantage, when explicitly asked by the interviewer. The direct
answer, presented without hesitation, indicates the importance he
placed upon reading code.

Reading the code in order to learn means one needs to see both the
parts and the whole that the code constitute. This category adds an
aspect of awhole-parts relationship.

Cat 5. Learning CSthrough integrating systems
Contrasting this category with the previous reveals an interesting
difference. The whole software system is something that “already
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Table 1. The table illustrates how computer science students act to learn their subject. For each category (labelled 1 - 7), the aspect of
which it is constituted can be found in the columns (labelled A — F). Thetable is further discussed in the text.

exists’ or istaken for granted in category 4: away to learn s, in the
fourth category, to split the unit into pieces and analyze the parts.
The process goes in the opposite direction in this category. Putting
the components together is a way to learn about and to create a sys-
tem:

Adam: [...] The interaction between the motor daemon
and the video daemon and the game server, you know, just
having separate components that were totally independently
written. It was very interesting and sort of a new experience
to see that kind of thing and how they ended up working to-
gether so well.

A software system is built up of different components — each with a
different function in the final system — that has to be integrated,
Adam argued.

Thus, the new aspect in this category is the creation or integration of
awhole.

Cat 6. Learning CSthrough giving meaning to concepts

The sixth category introduces away of experiencing learning where
personal insights concerning the computer science concepts studied
and a persona understanding of computer science are sought for.
Let uslisten to a short quote by Alec:

Alec:  [..] But as far as a learning factor, | learned an im-
mense amount about RMI as far as | am concerned because |
didn't even know it existed before. It is very interesting to
me.

Alec both related the discussions to himself (by stating that he
found it “very interesting” and by pointing out that he “didn’t even
know it existed before”), and put the learning in different contexts

(in an interview extract not illustrated here). The focus of his state-
ments were not on the CS topics, but instead of the experience of
learning these topics.

In short, Alec was searching for a personal meaning of CS concepts,
and illustrated thus the aspect that is new in this category.

Cat 7. Learning CSthrough developing as a professional
Alec answered a questions in the following way:

Interviewer: Did you learn anything from that?

Alec: Yes, uh just basic design, how other people think,
how you should approach such alarge amount of
code just thrown at you saying | want to know what it does
and | want to know how it works. Y ou can't just start picking
it up and reading through it and saying Ok, | got it. So just a
strategy | guess asto how | would do it in the future.

Alec discussed how “other people think”, and how to relate himself
to a large software system. He stressed the need to take personal
decisions and contrasted this to a superficial way of approaching the
system. Finally he referred this learning to his own future.

The new aspect in this category, worded by Alec in this quote, in-
troduces an experience of learning that differs from what was de-
scribed in the previous categories. A conscious professional devel-
opment is now in focus.

6. CONCLUSIONSAND IMPLICATIONS

The current study investigates how advanced computer science
students, majoring in computer science, think about learning their
subject area. Seven categories have been identified. While the first
concerns the learning of using application programs, the remaining
six describe how the students go about learning computer science.



The richness of the learning differs between the categories: The
least advanced is the second, where only isolated concepts are
learnt. The seventh, at the other extreme, shows a picture of learn-
ing as a professional development. Such learning includes compo-
nents such as a search for personal meaning, an intention to inte-
grate parts to a whole etc. The other categories fills the space be-
tween these two.

Clearly, the more advanced categories are the most desirable from a
teachers point of view. A student who strives to develop by study-
ing, and who is searching for different aspects of that which she/he
islearning, isin abetter position to become a better computer scien-
tist, than someone who sees different concepts in isolation, and who
does not try to integrate the parts, or find a meaning of that which
she/he learns about.

Studying the full picture, a qualitative difference can be found be-
tween categories 2 — 4, on the one hand, and 5 — 7 on the other. The
former takes the computer science concepts for granted, whether
they are isolated or a part of a program. The concepts exist, and the
learning aims are restricted to understanding these concepts. In the
latter categories, the computer science concepts are used to create
something that is outside the original concepts, such as for example
a program or persona development. We use the term concepts-for-
granted approach to denote the first set of categories, and concepts-
in-context approach for the second.

This distinction correspond well with earlier research findings pre-
sented in section 3 , where a dichotomy between surface and deep
learning is discussed in Marton et a. [12] and in later literature.
While the former focuses on the text (or the sign), the latter is di-
rected towards content of the learning (or the signed). A strong cor-
relation has been demonstrated in many studies (see [15] for an
overview) between a deep approach to learning and a good learning
outcome. Thus, asimilar good learning outcome can be expected for
the concepts-in-context approach.

Results of this kind clearly point towards the need for educators to
design courses that encourage the forms of learning that are de-
scribed in the advanced categories. Different ways to encourage
students to experience a phenomenon in advanced ways, corre-
sponding to the higher categories, have been proposed. Ramsden
[15] argues, based on a meta-analyses, that clear goals, appropriate
workload and appropriate assessment are among the factors in the
teaching that encourage students to search for meaning-related (as
opposed to superficial) constituents of their learning. To what extent
these suggestions are relevant to influence how students go about
learning computer science, remains however to be determined.

The results of this study contributes to computer science education
and research in computer science education in the following ways:
(2) It demonstrates that the students tackle their learning in different
ways. Some of these ways are more desirable than others, since they
describe a more multi-facetted learning. (2) The results offer guid-
ance for teachers who want to improve their teaching. (3) It also
contributes to research in computer science education by presenting
results concerning the students' learning that constitute a starting
point for future research, both on the teaching and learning of com-
puter science. (4) It offers an example on how data-driven, explor-
ative, qualitative research, when performed according to theory-
based guidelines, can constitute a basis for understanding how our
students learn computer science.
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