
Abstract

How students learn about network protocols is studied in a project-centred, internationally
distributed, university course in computer systems taught jointly by two universities. Insights
into students' understanding of basic concepts within computer networks are gained through
an empirical phenomenographic research approach.

The use of phenomenography as a research approach makes it possible to learn about
computer science, as it is experienced by the students. The context in which the research is
carried out and issues concerning by whom the context is experienced, are investigated and
form a part of the methodological basis.

Students' understanding of some protocols that are used within the project, as well as their
experience of the general concept of network protocols are investigated, and different ways of
experiencing the protocols are discerned. Some aspects that indicate good learning outcomes
are identified, such as being capable of understanding a protocol in different ways and of
making relevant choices between the ways it could be experienced according to the context in
which it appears.

Based on these results a discussion on learning and teaching is developed. It is argued that a
variation in the context in which the protocol is experienced promotes good learning, since
different ways of experiencing a protocol are useful with different tasks to hand. A student
with a good understanding of network protocols can choose in a situationally relevant way
between different ways of experiencing a protocol.





Acknowledgements

First I wish to thank my supervisors: Shirley Booth, Chalmers University of Technology, who
has supported me throughout the process that has led to this thesis, and who has introduced
me to educational research and phenomenography. Lars Asplund, Uppsala University, has
coached and guided me through the first part of this project, while Arnold Pears, Uppsala
University, has been my support towards the completion of this thesis.

My research project would not have been possible without the students, who have shared their
experiences of participating in the Runestone course with me. I would like to take this
opportunity to thank you all for your help.

My work on this thesis has been financed by a doctoral studentship from The Knowledge
Foundation of Sweden's research programme "Learning and IT", for which I am grateful. The
Runestone project has been financed by the Council for the Renewal of Higher Education and
NyIng (a project to renew engineering programs). Support has also been received from
Uppsala University.





This thesis is based on two publications, written between 2001 and 2002.

Paper A: Anders Berglund. (2002).  How do students understand network protocols? A
phenomenographic study. Technical Report, 2002-006, Department of
Information Technology, Uppsala University, Uppsala, Sweden.

Paper B: Tom Adawi, Anders Berglund, Shirley Booth, Åke Ingerman. (2002). On
context in phenomenographic research on understanding heat and temperature.
Revised paper presented at EARLI 2001, Fribourg, Switzerland, 2001.
Submitted to Learning & Instruction.



Comments on my participation:

Paper A: I alone did the work preceding the publication as well as the writing. I discussed
my work and my writing during the whole process with my supervisors.

Paper B: I have participated equally with the other authors in the work preceding the
publication and in the writing. The empirical data that is referred to stems from
an on-going research project by Tom Adawi. Shirley Booth brought an
understanding of the theoretical foundations of phenomenography into the
project.



Contents

Introduction

1. Overview of the thesis 1

2. The Runestone initative 2

2.1 The student project 2

2.2 The aims of the Runestone initiative 3

2.3 The history of the Runestone initiative 3

3. Related research 4

3.1 Computer Science Education Research 4

3.2 An overview of research within Computer Science Education 4

3.3 Other research projects within the Runestone initiative 7

4. Data communication and network protocols 8

4.1 Layered models 8
4.1.1 The TCP/IP layered design 9
4.1.2 Peer communication 11
4.1.3 Dependencies between protocols in the TCP/IP architecture 12

4.2 Remote Method Invocation 13

4.3 Data communication in practice 13

5. Phenomenography 15

5.1 The object of research 15

5.2 A phenomenographic research project 16
5.2.1 Formulating the research question 16
5.2.2 Data collection 17
5.2.3 Analysis 17
5.2.4 Results and deployment of results 18

5.3 My choice of phenomenography in relation to my research objective 19

6. Conclusions and future work 19

7. References 21



Paper A: How do students understand network protocols?
A phenomenographic study

1. Introduction to this study 27

1.1 Purpose of this study 27

1.2 Structure of this report 28

2. The Runestone initiative, its content and objectives 28

2.1 The aims of the student project within Runestone 29

2.2 The learning objectives from the universities' perspective, the official "what" 30

2.3 The collaboration from the universities' perspective, the official "how" 31

2.4 A technical description of the student project 32

2.5 The network protocols taught 34

3. The study 36

3.1 The interviews 37

3.2 The use of phenomenography as a research approach in this study 38
3.2.1 Collecting data 38
3.2.2 Analysing data 39

3.3 Some methodological decisions 40

4. Students' understanding of individual network protocols 41

4.1 Students' understanding of TCP 41
4.1.1 An overview of  different ways of experiencing TCP 42
4.1.2 TCP as a safe communication between two computers 43
4.1.3 TCP as a connection over a network 45
4.1.4 TCP as a standard communication tool 47

4.2 Students' understanding of UDP 48

4.3 Students' understanding of RMI 49
4.3.1 An overview of different ways of experiencing RMI 49
4.3.2 RMI in a framework of two computers 52
4.3.3 RMI for sharing resources on an internet 56
4.3.4 RMI in a framework that goes beyond a network 57

5. Students' understanding of the general concept of a network protocol 58

5.1 Different ways of experiencing network protocols 58
5.1.1 Network protocol as a way of communicating between two computers 60
5.1.2 Network protocol as a method of communication over an internet 60
5.1.3 Network protocol as a set of rules 62
5.1.4 Network protocol as a standard 63

6. A discussion on learning and teaching 63

6.1 Shifts between different ways of experiencing network protocols 63
6.1.1 Case studies on shifts between different ways of experiencing network protocols 64
6.1.2 Implications of shifts in ways of experiencing a protocol 67

6.2 Conclusions about learning 67
6.2.1 Situational appropriateness of ways of experiencing network protocols 68
6.2.2 Richness in ways of experiencing network protocols 70

6.3 Implications for teaching 70



7. Conclusions and summary 72

8. References 73

9. Appendices 74

9.1 Outline for interview 1 75

9.2 Outline for interview 2 76

Paper B: On context in phenomenographic research on
understanding heat and temperature

1. Introduction 81

2. Analysis of Context - whose context? 83

2.1 The researcher's context 85

2.2 The collective context 86

2.3 The individual's context 88

3. Analysis of context in the context of a phenomenographic study 89

3.1 Formulation of research question 90

3.2 Data collection and context 90

3.3 Data analysis and results with context in mind 92

3.4 Deploying the results in context 94

4. Summary 95

5. Discussion 98

Acknowledgements 100

References 101




