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Abstract. Course assignments play an important role in the learning process.
However, they can be constructed in such a way that they prohibit creativity,
rather than promoting it. Therefore it was investigated how programming assign-
ments are set up that students encounter in computer science education and which
approach could help the students in problem solving and whether these would help
or prohibit them to be creative or not. Especially, an online tutorial about visu-
alisation using VTK and Python was used as an example in different courses on
visualisation. It was also examined how students in the computer graphics courses
that did not have access to such tutorial answered questions about assignments.
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1. Introduction

Course assignments play an important role in the learning process and often allow the students
to comprehend the theoretical part of the course by applying it in practice. However, pro-
gramming assignments in general, also those in graphics and visualisation, can be constructed
in such a way that they prohibit creativity. Instead, the task is merely limited to find out
what the teacher expects, rather than actually promoting the learning process or increasing
the students enthusiasm and the self confidence that comes from overcoming problems that
are actually understood. Therefore it was investigated how programming assignments are
set up that students encounter and which approach would be most beneficial for them. The
idea was to examine, in particular, to what degree online tutorials could help the students in
problem solving and whether these would help or prohibit them to be creative or not.

An online tutorial about visualisation using VTK and Python was used as an example
in different courses on visualisation. The students had access to it during the assignments,
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and it explains how to make scientific visualisations and what basic graphics algorithms are
needed. The task was to solve problems that were described with pointers to the tutorial
so that they could find the essential program examples, which would help them to solve the
task. It was also examined how students in the computer graphics courses that did not have
access to such tutorial answered questions about assignments.

2. Evaluating assignments in computer science education

Assignments in computer science education (CSE) can be constructed in many ways. However,
three different approaches for constructing assignments were identified at forehand:

A. A code skeleton is provided where the teacher has removed some lines from a working
program. The students task is to fill in the missing lines according to some specification.

B. A working program is provided. The students task is to add new functionality to that
program according to a specification.

C. A tutorial with more or less complete programs describing different functionality is pro-
vided. The task is to write a program according to a specification. The students are free
to use any program or functionality from the tutorial.

The courses involved in the evaluation presented in this paper used to have predominantly
assignments of type A. The idea was that creativity would be notably promoted by changing
them to type B or C. The hypothesis was that too many courses still have type A and that
students would prefer to have assignments of type B or C. Espcecially, it was interesting to
find out how type C assignments were perceived by the students. Subsequently, the computer
graphics course was changed to have assignments of type B and the scientific visualisation
course was changed to have type C. All assignments are found online at studentportalen [18].
Most of them contain a lot of explaining text, images and suggestions, so they are in fact a
mini tutorial by themselves.

The computer graphics course [16], which gives 10 credits, uses the textbook by Angel
and Shreiner [1], and 23 students in total answered the questionnaire. The students have
to do three assignments and one larger project.

The scientific visualisation course [17] gives 5 credits and uses the textbook by
Schroeder et al. [13]. Even if the assignments have been changed to be of type C, some
have pointers to working code examples. Nevertheless it is expected that the students use
the tutorial [19] to figure out how to do the required changes defined in the assignments. A
total of 24 undergraduate students answered the questionnaire. An example page from the
tutorial is shown in Figure 1, where it is explained how conversion of files to VTK format can
be done.

The graduate course on scientific visualisation has been given in two variants, and a to-
tal of 16 students answered the questionnaire. The first was given as a two day workshop
by UPPMAX [20] and the second was a graduate course given by SeSE [14], which have a
syllabus very much like the under graduate course. However, the project is aimed at visual-
ising the data that the PhD students use in their own research. UPPMAX is the ‘Uppsala
Multidisciplinary Center for Advanced Computational Science’, which is a high performance
computing (HPC) resource at Uppsala University. UPPMAX is one of six high performance
computer centres in Sweden under SNIC [15], which is the ‘Swedish National Infrastructure
for Computing’. SeSE is a Swedish research school aiming at fostering collaboration between
Swedish PhD students in different fields and giving courses in the field of HPC, visualisation,
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Figure 1: Screenshot from one web page in the VTK Tutorial that describes how to
convert data ASCII files produced by Matlab R© or any other program to standard VTK
format. The code is explained in detail as well as how to run it. There are links to
the source code and other pages explaining further details. Moreover, there are usually
exercises and sometimes also answers.
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big data and other related areas.

A questionnaire was filled in by the students, and the results from the students answers
will be discussed. Moreover, conclusions will be drawn about how to proceed in the ongoing
work to improve assignments in order to promote student creativity and learning.

3. Creativity, motivation and building new knowledge

Assignments can be constructed in such a way that the students feel that they have to figure
out what the teacher intended and follow his line of thoughts, rather than being creative,
exploring and getting new insight. This kind of assignments is typically not motivating for
the students to learn more than just doing the task given them. Type A is a typical example
of such assignments. The other types allow students and motivate them to use their gained
skills and new knowledge to explore and discover further. By making use of the tutorial
they are, in an indirect way, encouraged to also add more functionality than requested in the
assignment. This is often easy to do in graphics and visualisation as the result is visual. By
changing colours as well as appearance of objects, glyphs, or whatever is on the screen, the
students can play around with the application and change it to their liking.

Creativity can be promoted in many ways. In both courses it was provided extra credit
opportunities, as discussed by Roberts [11]. Furthermore, Romeike [12] identify three
drivers for creativity in computer science education, namely: the person with his motivation
and interest, the IT environment and the subject of software design itself. Obviously, they
are all interconnected, and the aim was to improve the third driver, while in the same time
taking advantage of the first one, by providing challenging and interesting tasks to perform,
i.e., design an application that did something interesting.

It was noted by Knobelsdorf and Romeike [8] that “The activities mostly start with
gaming, followed by exploring applications and their possibilities, experimenting with the com-
puter, knowledge gathering, and the Internet usage”.

This observation was based on work by Knobelsdorf and Schulte [9], where it is noted
that students starts as users and then become designers, which is a natural development from
simple to more complex activities. On-line tutorials typically allow students to do this as
they can explore the tutorial and add functionality according to their interest and not only
because the teacher say so.

The advantage with such e-learning materials is that students can build their own con-
ceptual understanding and improve their skills. Faessler et al. [6] discuss the advantages of
PBL based e-learning material. Nevertheless, Boyer et al. [3] point out that many have in-
vestigated the cognitive aspects [4] of e-learning, rather than motivational aspects. Obviously,
motivation is important as the first driver identified by Romeike.

Furthermore, tutorials are important as they present models of how things can be done,
i.e., solutions to simple problems or general cases that can applied by the students on their
particular problem. VandegGrift [21] discuss different learning theories and what helps
students to learn. She points out that students build knowledge by looking at such prototype
models [10]. For courses that include programming this would typically be pseudo code
or working code examples provided by the teacher. Similarly, the constructivist learning
theory [2, 5] claims that students build knowledge based on existing knowledge and upon the
foundation of previous learning [7]. VanDeGrift say that “students must actively construct
new ideas and experiment with those new ideas and mold them into existing knowledge”.
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4. Results of the questionnaires

A questionnaire was handed out during one course on computer graphics for undergraduate
students, one course in scientific visualisation, also for undergraduates and also in yet another
scientific visualisation course, but this time for graduate students. The questions asked were:

1. Which approach has been most common in programming courses you have taken?

2. Which approach do you prefer?

3. Which approach do you think will be most helpful for you to learn new things?

4. Which approach will allow you to be creative and try to invent new things?

The result of Question 1 is illustrated in Figure 2. It is obvious that many students still do
encounter questions of type A, just as was expected.
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Figure 2: Outcome of Question 1 : “Which approach has been most common
in programming courses you have taken ?”

Most Preferred

0 %

15 %

30 %

45 %

60 %

Computer Graphics Visualisation, Graduate Visualisation, Under Graduate

A B C

Figure 3: Outcome of Question 2 : “Which approach do you prefer ?”
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Figure 4: Outcome of Question 3 : “Which approach do you think will be
most helpful for you to learn new things ?”
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Figure 5: Outcome of Question 4 : “Which approach will allow you to be
creative and try to invent new things ?”

The result of Question 2 is shown in Figure 3, and it can be noted that many computer
graphics students actually prefer type A, but for the scientific visualisation course the types
B and C are preferred by most students, while just a few advocate type A.

When asking which approach they think will be most helpful for learning new things
(Question 3), there are some notable differences, as shown in Figure 4. Even if type A was
preferred by the computer graphics students, they did not generally think it would help them
learn new things. Likewise, type C was the most preferred in the scientific visualisation
courses.

Even more computer graphics students realised that type A do not promote creativ-
ity. And once again the scientific visualisation students preferred type C, as can be seen in
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Figure 5, where the result of Question 4 is shown in the graph.
Interestingly, more computer graphics students prefer type B over C. For the scientific

visualisation students, on the other hand, the opposite is true. Even though the number of
students asked does not allow us to draw general conclusions, this difference might depend
on the fact that the computer graphics students encountered type B during the course, while
the scientific visualisation students encountered type C.

5. Discussion

In retrospect, it was understood that it was unclear for some students what the differences
between the types really were. The idea was that type A was not a working program since
code was removed from it. Nevertheless, some students seemed to have thought it was the
same as type B. Hence, some choose A, when they were supposed to choose B and vice versa.
There is also a risk that students in the visualisation courses confused type C with B as some
assignments gave pointers to a working program, even if the tutorial always was pointed out
as the main source of information.

Moreover, the number of students answering the questionnaire was rather low (23, 16,
24, for each group, respectively). Hence, one should not draw decisive conclusions by looking
at the bar graphs. Nevertheless, the trend is obvious, also from the authors own experience,
that type A assignments are still quite common. Furthermore, it is also obvious that type B
and C are generally preferred compared to type A.

6. Conclusion

The way assignments are designed can either prohibit or promote creativity. Still, many
assignments contain non working code, where some lines are missing and the students are
supposed to fill in that code. This type of assignments hardly allows students to be creative,
instead they try to figure out what the teacher had removed. Moreover, they are not explicitly
motivating the students to do more than just filling it the missing code.

Assignments based on working code, on the other hand, allows the students to explore
the behaviour before adding new functionality. Playing around with the code, gives an initial
understanding of what the code does, and this is an important first step in the creative process.
Then it is up to the student how to solve the task given in the assignment. By having access
to an online tutorial, the students can learn about how to solve such task in a generic way.
They must themselves figure out how those solutions apply to their code. This might not
promote creativity in itself. However, by reading through the examples and having access to
exercises and solutions, the students will see what the possibilities are and hopefully they will
be stimulated to try out things that they think can improve their code. This is especially
true for assignments that produce visual results, which is always true for computer graphics
and scientific visualisation.

It is interesting to note from the evaluation that the computer graphics students, which
had not access to a tutorial in their course, generally were more positive to assignments that
do not include a tutorial. While, on the other hand, the students in the scientific visualisation
course, who had such tutorial, were generally more positive to using tutorials than not having
access to them. Therefore, it seems obvious to make the conclusion that a tutorial will not
only help students to be creative and motivate them to investigate further, but a good tutorial
will also make the students more positive to using it.
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The aim is that the tutorial shall be extended and improved so that it can be an even more
valuable tool for the visualisation courses and workshops given within SeSE and UPPMAX.
For the computer graphics course it will be investigated whether some of the already existing
online tutorials could be used, since constructing such a tutorial is a rather large undertaking.
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