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This paper explores what students taking an international project-based course in computer systems

strive to learn. Through empirical, phenomenographic work we have identified three different

motives that the students strive for: academic achievement; project and team working capacity; and

social competence. What a student strives to learn largely influence the nature of her or his learning.

Thus, the students can be thought of as taking different courses. Furthermore, the three motives can

be experienced in different ways which can be more or less fruitful depending on what a student

tries to achieve. We argue that it is important for a teacher to be aware of the variation in what the

students want to learn, and to teach in a way that is cognizant of this spectrum of student goals.

1. Introduction

What our students learn in the courses we teach is, of course, closely related to what

they strive to achieve. The relationship is multi-dimensional and includes many

factors, such as how the students go about learning, as well as the opportunities for

learning that are afforded in their environment.

This article describes empirical findings concerning what advanced computer

science (CS) students strive to learn when they took a project-based, distributed

course in computer systems. The learning that took place was multi-faceted, and

frequently related to issues other than the core concepts of computer science that the

course was intended to teach. The learning included components such as project

work, and insights concerning personal development. The words of Axel1 can serve

not only as a summary of his and many other students’ feelings, but also of our

personal reflections on these results:

Axel: I guess I learned a lot, but what I learned wasn’t what I expected to learn.
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The perspective offered in this paper is that of the students. The research project is

explorative in its nature and is carried out in a data-driven way, since this allows the

researcher to be sensitive to the students’ different motives. The results are thus

qualitative and interpretative.

The article is structured as follows. First the theoretical points of departure within

phenomenography are discussed: the research approach, and the concept of an

indirect object. Then, after a brief presentation of the setting from which the

empirical data stems, the empirical results are discussed. These are followed by a

discussion of what the analysis of the empirical results can reveal, now and in future

research.

2. Studying the Students’ Motives

In order to study learning from the students’ perspective, a research approach offering

such a perspective must be selected. The approach serves to guide the researcher in

his work, offers a theoretical framework on learning and how to carry out the research

project. It also suggests a language and thereby offers possibilities for comparing

results with the findings of other researchers. A research approach can be compared

to a lens: issues in focus with a certain approach get clearer, while others get blurred.

Phenomenography (Marton & Booth, 1997) is an empirical, qualitative, data-

driven research approach. It has proved successful for studies of how university

students understand core concepts in computer science (see, for example, Berglund

(2005) for computer network protocols; Booth (1992) and Eckerdal and Berglund

(2005) for programming; Cope (2000) for information systems; Eckerdal and

Thuné (2005) for the concepts of class and object; Lister et al. (2004) for data

structures). The approach has also been used to explore issues outside the course

content, such as, for example, the students’ objectives in their studies. Ramsden

(1992) gives an overview of such research.

A phenomenographic research project reveals the qualitatively different ways in

which a phenomenon (for example the network protocols TCP, or the experience of

learning computer science) is experienced, understood or perceived within a student

cohort.

Data is normally collected through semi-structured interviews, that later are

transcribed. The analysis leads to the formation of empirically grounded categories,

each of which describes a certain way of experiencing the phenomenon. The outcome

is thus a set of categories that come to describe the variety of ways in which a

phenomenon is experienced within a cohort and does not relate to individuals.

Phenomenographic theory also argues that the categories can be organized in logical,

often inclusive, structure. As the higher categories embrace the lower, they offer a

wider perspective of the object, and are therefore generally more desirable.

Students experience their learning as a whole, where different aspects, such as the

object of their studies, their environment, personal preferences and so on constitute

different parts of this whole. For the purpose of research, it is however useful to

distinguish between the what aspect of the learning, describing the content of the
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learning (for example a network protocol) and the how aspect, describing how the learn-

ing takes place. Phenomenographic theory argues that the analyses of the how aspect

can be further refined, here explained on the words of Marton and Booth (1997):

[T]he how aspect of learning has its own aspects of how and what, the former referring to the

experience of the act of learning is carried out (we will refer to this as the act of learning), the

latter referring to the type of capabilities the learner is trying to master (which we are calling

the indirect object of learning). (p. 84, emphasis added)

With this perspective, the act of learning refers to how students go about learning,

while the indirect object comes to denote a motive; that is, the term denotes something

that the students strive to reach, or a bearing in which their learning is directed. This

is an analytic separation: the aspects that can be ‘thought apart’, mutually constitute

and presuppose each other. The term motive will be used to denote the indirect object

in the rest of this paper.

3. The Empirical Study

The results presented in this article have their origin in a course, where the students

worked in cross-national teams, with three students located in Sweden and three in

the USA. Each team developed a software system to control a motorized 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 (Internet Relay Chat) and e-mail (Daniels, 1999).

Fifteen students, from both universities, differing in age, educational backgrounds,

earlier study results within computer science, reasons for taking this course (as

interpreted from a background questionnaire) were selected for interviews. The

students were interviewed at two different occasions about computer science

concepts that were important in the project, as well as issues related to their

experience of studying in this particular course. A thorough presentation of the

research process as well as the underlying data is available in Berglund (2005).

4. Empirical Findings

The analysis has revealed that the students had three thematically different motives

for taking the course. These were:

A. Academic achievement

B. Project and team working capacity

C. Social competence

The first motive describes a concern with and direction towards academic results;

the second has its focus on the project itself, and that which can be learned from it;

the third is turned towards the social or collaborative aspect of learning.
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Our analysis shows that the three identified motives are separate entities. Thus,

they can be seen as representing thematically different ‘course aims’ that the students

‘create’ in the setting of this project-based course. If the aims are thought of as

defining the course, this means that the students actually take different courses.

Furthermore, the analysis shows that a student can direct his studies towards one or

more of these motives.

Each of the motives can, in their turn, be experienced in different ways. The

students thus interpret the motives differently. Thus, the motives (or the ‘courses’), as

they are presented here are constructs, which are constituted by the researcher and

built on the categories. The categories in turn are the researcher’s interpretations of

the students’ different experiences of their motives. This is summarized in Table 1.

The motives listed in that table (labelled A, B and C) only exist as theoretical entities,

each of which ‘summarises’ one set of categories (labelled 1, 2, 3 and 4).

In the remainder of this section, two of these motives are described in some detail,

while the third, which we judge as less interesting, is only briefly touched upon. It

must be stressed that the analysis is based on the full set of interviews, and that the

quotes that are presented for some categories, serve to ‘flesh out’ the description and

to give the reader a ‘feel’ for the situation.

4.1. Motive A. Academic Achievement

This motive is directed towards, and framed by, the academic world. The categories

illuminate aims with learning or with being a student. The world outside the

university is only briefly touched upon in the corresponding interview excerpts, and

then as a side comment aiming to illustrate a contrast between university related

issues and other aspects of the question, for example future employment. The four

categories are:

A1. To get a grade.

A2. To learn computer science for the project.

Table 1. The categories of the three different motives

Motive A.

Academic achievement

Motive B.

Project and

team-working capacity

Motive C.

Social skills

A1. To get a grade B1. To pass the project C1. To learn particular

A2. To learn computer

science for the project

B2. To gain familiarity with

working in projects

social skills

C2. To learn together

A3. To learn how to learn

computer science

B3. To learn how a project

functions

C3. To take responsibility

for the team

A4. To learn something new B4. To become a better

professional
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A3. To learn how to learn computer science.

A4. To learn something new.

4.1.1. Category A1. To get a grade. Getting a grade, pass or higher, is in focus of this

category. Only that which contributes to a formal recognition within the academic

system is understood as being worth doing. This perspective leads to a situation

where the student is dependent on the requirements of the university system and its

formal rules.

Let us listen to Alec:

Alec: Um, in all honesty I think um, some of my other group members here, um, they just want

to do their job good enough to pass.

Alec’s statement might be more straightforward in his judgement of others, but he

is not alone in voicing such opinions.

Also for Adam, grading is important:

Adam: I guess um, everybody has concerns about the grades. That’s something that has been

brought up quite a bit in the class, you know, not just in my team, but in, among everybody

that, um, if things, if the code doesn’t work but we’ve worked really hard on it and had to get

through all these team issues and stuff, are we still going to fail the class because our code

didn’t work?

For Adam, clear guidelines concerning how the grading is performed would be

useful. This view does not question the grading as such, neither does it put forward

any reasons for its existence or reasons why it should be abandoned. It is taken for

granted and is important.

4.1.2. Category A2. To Learn Computer Science for the Project. In this category,

learning computer science is in focus. The project serves both as a tool (by offering

examples) and a catalyst (by giving motivation and directions about what to learn) for

the learning. The motive is to learn computer science, but the decisions about what to

learn are dependent on the requirements of the project. The educational framework

dominates the situation since it sets the limits for what it is possible to do.

Alec also comments on learning computer science during the following episode of

the second interview:

Interviewer: [ . . . ] You mentioned RMI, you mentioned Java coding. What else, some

technical skills?

Alec: Client server applications, this was my first. I learned just basic set up. How to manage it

and things of that nature. Learned a lot about how to comment and manage your code. Even

though I was the only one working on it we did have it set up that you could track where last

updates were done at so you would know where problems were. Little bit about running

applications and learning some language. Most of our projects up until now had just been

programs here. [ . . . ] We never have interface with motors, cameras.

Interviewer: Did you learn anything from that?
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Alec: Uh, a little bit. Most of the time when you do stuff like that it makes it more feasible. It is

within grasp now, you can actually do this, ya know, you don’t just think about it and go ‘Wow,

I wonder how they do that’. So a lot about that. The main point of it was reading somebody

else’s code and making sense of it. That’s where most of my time went.

Alec offers both a list of what he has learned (Java coding, RMI, client-server

applications and so on), and tells that he has learned to analyse code. He discusses his

learning in terms of the project, and clarifies what he has learned. By using words

such as ‘Wow, I wonder how they did that’, it can be seen that the learning is not a

side effect, but something he has been striving for.

4.1.3. Category A3. To Learn How to Learn Computer Science. In contrast to category

A2, where learning of computer science for the purpose of the project has been

discussed, we now meet a perspective on the learning in this project, which is more

focused on the process than on the result: learning here means to learn to find out

something about computer science. The project serves as a tool that enables the

learner to learn how to learn and to discern the concepts that are relevant to know.

Samuel spontaneously discusses learning how to learn computer science:

Samuel: I’d like to say something, perhaps not directly related to all this, but I would like to say

that this whole concept of doing courses is an excellent learning opportunity.

Interviewer: Yeah.

Samuel: [ . . . ] You get, in some way, challenged to find knowledge in unconventional ways and

this is really important this experience. [ . . . ] We teach ourselves stuff by participating in the

course to discover new things [and to be] creative in locating information. [ . . . ] I look for

information much more often now, ‘cause I feel I need to do that in order to complete some

tasks, some sub-tasks.

In the following lines of the interview, Samuel further stresses that it is important to

learn to find information, and continues the discussion by comparing this project

course to other courses he has taken.

4.1.4. Category A4. To Learn Something New. In this category, the perspective of

students widens from that of category A3. The important issue is that what is learned

is new. To learn something new, the learner has to take his own responsibility for his

learning, independent of the formal setting. As in the previous category, the direction

in which a student strives is directed towards the subject matter of computer science.

An example can be found in the statement of Abraham:

Abraham: [ . . . ] I still enjoy it because I’m doing something I never did before, and meeting

international students. Um, working in, just the IRC chat is very interesting, I think.

4.1.5. Understanding Academic Achievement. The focus on the university world

dominates this motive. It describes what, in the form of academic achievement, a

student can strive for in the course. The four categories differ in four aspects: (1) their

content; (2) their foci; (3) in the relationships between the dependencies: on
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university requirements and own responsibility for the achievements; (4) and if the

educational framework or the content of the learning dominate the category. These

aspects are summarized in the different columns of Table 2.

As can be seen from the second column of Table 2, the subject area is not present in

the first category (where only the grade is in focus), but appears as a set of isolated

concepts, determined by the project and its needs in the second. In the third column,

learning about how to learn computer science is in focus. Learning, as an effort to learn

something new (category A4), does not limit itself to the subject area, but also considers

learning of computer science in a larger context. Certainly, the higher categories are

more desirable than the lower from the perspective of a teacher in computer science.

An important qualitative difference divides categories A1 and A2 from categories A3

and A4. The first two describe situations where the learner is dominated by his

experience of the formal requirements, while he has autonomy and controls his own

achievements in relation to the learning content in the last two categories. Thus, two

broader categories ‘dependence on formal requirements’ versus ‘own responsibility for

achievements’ can be identified. The higher categories are also more desirable from this

perspective.

4.2. Motive B. Project and Team Working Capacity

In this motive, attention is turned towards the team and its project. As for Motive A,

four categories are discerned, each describing a certain way of experiencing the

motive of learning to work in projects and teams:

B1. To pass the project.

B2. To gain familiarity with working in projects.

Table 2. Categories of academic achievement as a motive

Label What is in focus?

Dependency on

requirements vs.

own responsibility

for achievements

Dominating

aspect

A1. The motive is to

get a grade

The grade Dependence

on university

requirements The educational

frameworkA2. The motive is to learn

computer science

for the project

Computer science

concepts

Dependence

on university

requirements

A3. The motive is to

learn how to learn

computer science

Learning to learn

computer science

Personal learning

dominates

over formal

requirements

The content

of the learning

A4. The motive is to learn

something new

Learning

something new

Independent

learner

)
)
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B3. To learn how a project functions.

B4. To become a better professional.

This motive corresponds to motive A, in most important senses. Thus, the details

are omitted.

4.3. Motive C. Social Competence

A third motive, that focuses on achieving social skills, has been identified. Three

categories of this motive are:

C1. To learn particular social skills.

C2. To learn together.

C3. To take responsibility for the team.

4.3.1. Category C1. To Learn Particular Social Skills. Two particular topics, both with a

strong social inclination, stand out as desirable among the students: (a) to get to know

others, and (b) to get to know another culture. These topics, and the interview

extracts that they are based on, are straightforward and are for this reason omitted

from the discussion in the paper.

4.3.2. Category C2. To Learn Together. To get a chance to develop something together,

the joy of learning together and developing something in a group often shine through

in the transcripts. This wish for joint learning in the collaborative situation charac-

terizes the second category.

A straightforward example can be found in a statement of Anthony:

Anthony: I really enjoyed working on the project. It’s the first time I ever got to design

something, and it’s the first time I ever got to work on something this size. And I had a lot of

fun because I was able to learn from my classmates. That project was fun. [ . . . ]

Anthony indicates that he finds learning together with his friends rewarding in

itself, saying that it is ‘kind of exciting’, or ‘I had a lot of fun because I was able to

learn from my classmates’.

4.3.3. Category C3. To Take Responsibility for the Team. In this category, a sense of

responsibility as a wish to stand up for the team and its joint decisions serves as a

motive in the project course. The obligations a student has to his team as a team

member here overshadow the importance of the grading.

A cut-clear example of an expression of a strong sense of responsibility can be

found in an excerpt from the first interview with Albert:

Interviewer: But this different grading, do you think it would be, um, is a factor that might be a

problem for the project?

192 A. Berglund and A. Eckerdal



Albert: Um, I don’t think so. [ . . . ] But, you know, I feel that, you know, if you are a group you

should work hard to the best of your ability whether you are being graded on it or not, or which

style of grading.

4.3.4. Understanding Motive C. Social Competence. This motive describes an interest

for, and a willingness to develop and learn from the social dimension of the project.

Learning and working with others in an environment, that in important ways is

socially constituted, are core aspects of this motive.

As can be seen from Table 3, the first category (C1) focuses on one person, the

second (C2) on a smaller set of individuals and the third (C3) on a larger formal

setting. The focus is thus broader in the higher categories, and includes the lower.

The sense of responsibility also evolves over the categories: In the first, only the

personal learning and development is considered. In the second, the personal

learning is present, but now in interaction and in joint learning with others. The sense

of responsibility is here extended to those with whom a student has personal links.

Finally, in the third category, a situation is described where the motive is enlarged and

now includes a sense of responsibility for the team, its work and its members.

5. Conclusions and Implications

A complex picture has been drawn on how students strive towards different motives,

and thereby ‘create’ different, individualized courses. The three different motives are,

in their turn, experienced in different ways. The resulting categories are valid on a

collective level and do not, in themselves, describe individuals. An individual student

can shift both between the motives and between the different categories of a motive.

The three motives do not represent a hierarchical structure, in the sense that one

motive should be more advanced or qualitatively ‘better’ than the others. For the

categories, describing the way a particular motive is experienced, the situation is

however different. The advanced ways of experiencing each motive are the most

desirable, since they express broader perspectives on the subject area, the project

work and the social aspects of the course.

It is the strong contextualization in phenomenographic studies that distinguishes

phenomenographic studies of motives from psychological studies of motivation in

Table 3. Categories of social competence as a motive

Category What is in focus? Responsibility for?

C1. To learn particular aspects

from the social setting

Focus is on self Own learning

C2. To learn together Focus is on personal friends Meaningful interactions

with others

C3. To take responsibility

for the team

Focus is on the formal group Responsibility for others

What do CS Students Try to Learn? 193



learning (see Brown et al. (1998) for an overview of psychological studies).

Psychological studies in general discuss motivation in terms of internal and external

motivation, with some studies also including aspects such as intrinsic or achieving

motivation. Psychological studies often focus on the students’ minds and how

students react in certain situations. In contrast, the current study has the students’

relationships to their learning and their learning environment as its object of study.

Research into student motives for studying computer science is new. An overview

of Association for Computing Machinery (ACM) conferences in computer science

education, conferences within pedagogy and relevant journals show few indications of

the motives of student learning of computer science as being the focus. In other

subject areas the question has only been touched upon, for example in Silén’s (2000)

study on nursing students in a problem-based learning environment.

This summary of the outcome of the study can serve as a starting point for a

discussion about the applicability and the implications of the work, for teaching and

learning, as well as for future research.

The project has demonstrated that the students themselves set which motives they

strive for in a course. Their motives might, or might not, be the same as those that are

expected, consciously or unconsciously, by a teacher. Still, the students’ experienced

motives and the teachers intended aims are not independent. Instead, the students’

experience of their learning of the subject area is an integrated part of their full

experience of their learning and their experienced learning environment. The teacher,

with her or his actions, is a part of this environment. (Berglund, 2005; Marton &

Tsui, 2004).

In differing situations, differing motives may be desirable. For example, a teacher,

teaching a beginners programming course, might find it desirable to stress learning of

the core concepts within computer science, while the collaborative aspects might be

regarded as the most important for a teacher in a project course. Thus, although only

the learning aims within computer science are clearly stated in the official course

description, the other motives should not be neglected. A teacher, who is aware of the

variation in her or his own motives and the potential richness of motives in a student

population, can develop her or his teaching in a way so that the students’ motives are

addressed. In this way, she or he can assist them to develop their personal interests

into motives, that is, to create their individual courses, and hence, to learn. Perhaps

such insights can also serve to decrease attrition rates. The rationale for this

assumption is that courses, which are adapted to the students’ motives, can prevent

that mismatch between individual personal motive(s) and the situation students face

when taking a course.

Research into how a teacher can influence student motives is still in its infancy.

Questions concerning how to use the results from this phenomenographic study in

teaching need further investigation (Eckerdal, 2006). At this stage, however, new

questions can be formulated: How can insights concerning students’ motives be

used? Is meaningful learning better supported if a student strives simultaneously for

several motives? If so, how can a teacher direct students toward a set of motives? What

is the relationship between how students go about learning and the motives towards
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which they strive? Which of these entities is the most stable? That is, which have the

closest relation to the individual and which are most situationally bound? For

collaborative learning situations, another question arises: How can a teacher in a

project-oriented course profit from the richness of motives in a team to improve

learning?

Note

1. The names of the students are anonymized in this paper. An interviewed student,

with a name starting with an ‘S’ is from Sweden, while a student with a name

starting with an ‘A’ is from America. Also the names of students that are referred

to in the quotes are replaced. Since this research is performed in a male-

dominated environment, only male names are used. Consequently, all students

are referred to by ‘he’.
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