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ABSTRACT

Both students and teachers have problems when trying to reach the learning goals of the introductory
programming courses. One attempt to aid learning and teaching was the development of visualization materials
about programming concepts. Even though there are visualization tools and examples available for free use, the
teachers have problems in providing the visualizations for the students in a usable way and the students have
problems in using them effectively in learning. Improving the way the visualizations are put available for the stu-
dents would increase their usage and the benefits gained by them. Also the use situations of the visualizations
should be considered to find the most beneficial ones.

The aim of this article is to facilitate the usage of visualizations by providing tips on how to integrate
the visualization materials to the teaching. The article consists of a model on how to integrate the visualizations
to the course materials and ideas on how to use the visualizations in different learning and teaching situations.
The integration of the visualizations in the course materials has been tested on a programming course and the
experiment shows that it has increased the use of visualizations in learning.

l. INTRODUCTION

Programming is an abstract subject that is difficult to learn for most of novices. The biggest learning
problems are that the students have to handle concepts to which they do not have a concretic model in their
everyday life [1], that they tend to approach programs line by line [2, 3], and that they are not able to handle
the larger wholes of the programs [4].

In addition to the learning problems there are usually also problems in teaching programming. Due to
the lack of resources causes the teachers can not give personal instruction to all the students and the weaker
students suffer. One way to aid the students that would need revision of the taugth subject is to provide visuali-
zations for them. Numerous visualization tools e.g. VIP [5] and Jeliot 3 [6] are already available for the use in
introductory programming. These visualizations are capable of providing an easier perspective to approach
programming if they are used effectively.

Visualizations can easen these problems. First of all good visualizations can provide a different kind
of a perspective for the sutden and make the student understand the behaviour of the program more compre-
hensive. Secondly visualizations can be available for the students always when they need the support but the
teacher is not available. Thus, using visualizations as voluntary extra material for the students that find the
course challenging is an idea worth trying.

Even if the use of visualizations has increased in introductory programming courses, the visualizations
are still often not integrated in the teaching, the course content and the learning situations. If there are justa
few visualizations available every now and then during the course, the students do not develop a habit of using
them regularly in learning and they are easily forgotten. On the other hand even if the teacher had prepared
visualizations continuously of all the subjects included in the course, it can happen, that the students do not
find them beneficial in later parts of the course, because the visualizations are biased only on the lower levels
of cognitive development [7]. The teacher needs to plan the usage of visualizations carefully and actively guide
the students towards using the visualizations to gain the maximum benefit out of them.
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This article begins by introducing the organization of programming courses and the uses of visualizations there
in Section 2. Section 3 introduces a model on how to integrate the use of visualizations to the course materials
and Section 4 deals with the integration of the visualizations to the learning and teaching situation. The tips and
ideas are concluded in Section 5.

2. VISUALIZATIONS AND THE COURSE SETTINGS ON
INTRODUCTORY PROGRAMMING COURSES

When programming, the student needs to use a computer and it is a part of his learning environment.
Thus, in addition to the use of books and other more traditional teaching materials, e.g. copies of the lecture
notes, it is very natural to put the materials of a programming course on a web page. The web pages of pro-
gramming courses often contain links to learning materials and assignment descriptions for exercise sessions
and programming assignments. This makes the course web site an important and frequently visited source of
information. Thus, the use of the visualization tool can be made easy on a programming course.

On introductory level of programming, visualizations are typically used as illustrative visualizations for
presenting new concepts for the students [7]. How ever, this is only one use of visualizations and the scope can
be widened to other parts of the course content too.

Programming courses typically consist of lectures, exercise sessions (either in normal class rooms or
computer rooms) and programming assignments. Besides these there can be various kinds of extra tasks e.g.
homework essays. The teacher has to choose in which teaching situations the use of visualizations is most ben-
eficial for the students. For instance, showing the visualization in front of a class room is usually not beneficial,
because the amount of student participation is significant for the engagement in learning [8]. Thus integrating
the visualizations to the learning and teaching situations is important.

Visualizations can be divided into five different levels according to the level of the cognitive deelop-
ment of Bloom’s taxonomy [9] they support [7]. These different kinds of visualization categories suit for differ-
ent parts of the course and for supporting different kinds of activities. Table | shows the division of the visuali-
zations and ideas on the situations in which they could be used. For example \textit{an illustrative visualization}
would suit also for showing on a lecture since it just offers knowledge on how the concept works but \textit{a
problem-solving visualization} is better for situation where the student uses it independently, since it requires
participation from the user.

Table I. Usage of visualizations from different categories of Bloom’s taxonomy.

Levels of Bloom’s taxonomy | Visualization category Usage

| knowledge & 2 comprehension | Illustrative visualizations Lecture materials, revising after lectures,
revising before the exercise sessions

3 application Utilizing visualizations Homework assignments, assignments in

exercise sessions, small programming
assignments

4 analysis Problem-solving visualizations | Homework assignments, assignments in
exercise sessions, revising the subject
5 synthesis Productive visualizations Homework assignments, assignments in

exercise sessions, assigment descriptions
for programming assignment, supporting
the programming assignments

6 evaluation Discerning visualizations Lecture materials, homework assignments,
assignments in exercise sessions, basis for
essays, revising the subject




3. INTEGRATING THE VISUALIZATIONS TO THE COURSE
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Fig. 1. Visualization-directed model of the organization of course materials.

One flaw in the use of the visualizations is that the students do not find them or do not recognize to
use them at the right moment. This occurs when the visualization tool is in a separate learning environment, n
e.g. on a web page that is not connected to the course material. Other little details such as the need of typing a
pass word for the web page may also hinder the use of the visualizations.

To increase the use of the visualization tool it should be integrated to the actual course materials. We
suggest that the teacher includes links and references to the examples in the visualization tool to all the
content of the course material. This does not only mean the printed materials, but we can also take advantage
on the multiple purposes of the course web pages of programming courses when promoting the visualizations.

There can be students that are simply fond of the idea of using visualizations adn use the tool as it
is. Most of the students, how ever, need to be guided to use it. Figure | illustrates how the students who are
not that spontaneous can be reminded of the visualization tool. The idea is to exploit the materials that they
already know how to use or that they need to use. The printed course materials contain references to the
visualization tool. The course web page contains links to the visualization tool. The programming assignment
descriptions and the programming environment are attached a possibility to gain support by usign visualization.
The teaching situations also use visualizations when possible. This way also the students who do not plan their
learning situations and the use of the materials will benefit of the visualization tool in right situations.

The base of the course material is normally a book or copies of the lecture slides. Students search for
information about all the subjects there. It is very important to integrate visualizations into these materials.

There are different ways to do this:

- an example program form the material can be presented as an illustrative visualization as it is

- the theory sections of the material can be supplemented with extra visualization from the same
area (more example programs, only in a different format)

- the assignments in the material can be provided alternatively as utilizing, problem-solving,
productive or discerning visualization



In all the cases the visualizations need to be marked with identification numbers that also have to be
clearly mentioned in the printed material so that the student seeking for extra advise or material can easily find
them.

We have measured the use of a visualization tool -- VIP [5] -- on the introductory programming
courses in TUT. The visualization tool automatically collects a log file about all the actions done in the visualiza-
tion tool. This way we can follow how the visualizations have been used. On the first year the visualization tool
was provided on the course web page and introduced on the lectures but it was not integrated to the materials
properly. On the second year all the materials included links to it. The result was not only that the students
used the visualization tool more when it was integrated to the course materials. Also the use of the visualiza-
tions concentrated better on the subjects that were handled at the time. l.e. the students used the visualization
tool in their studies.

Figure 2 shows how the visualizations on a specific subject are downloaded on the website. The
course started on week 42. The use of visualization examples on weeks 42 and 43 is ca. the amount they are
normally used during the semester all the time. On week 44 there was the first lecture on loop structures and
the number of downloads of the loop structure examples has increased because of the references to them in
the course materials. On week 45 there was another lecture on loop structures and in addition the weekly
exercise session handled loop structures. This doubled the use of the loop structure visualizations. Week 46
was an exam week so the use is slightly smaller but there were students using the visualization tool most likely
because on the week 47 there was a deadline for a programming assignment that handles loop structures. The
deadline week was almost as busy in the use of visualizations as the exercise session week. After the deadline
of the assignment there are again very few downloads of the loop structure visualizations but on week 50 there
are again students revising the use of the visualizations because there is a deadline of an assignment about the
new subject: arrays.
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Fig. 2. Weekly usage of the visualization examples about loop structures on a course where the
visualizations were integrated to the course materials.

So it can be clearly observed from Figure 2 that the students’ usage of the visualization examples fol-
lows their course work when the material contains links and references to the visualization examples.
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Fig. 3. Visualizations to support different learning and teaching situations

Figure 3 introduces a plan on how the visualizations can be used when the course proceeds. The con-
tent of the Figure shows how one specific subject, e.g. loop structures, is taught to the students. The course
repeats these phases for all the subject. For instance an introductory programming course can start by intro-
ducing variables, then proceed to selection structures and then to loop structures. The phases in Figure 3 are
first done for the variables then again for the selection structures and again for loop structures etc.

The figure is divided into learning the theory and learning the practise. These parts do not need to be
divided in teaching, so both can happen in same teaching sessions. However, most of the programming courses
have lectures and exercise sessions separately so the figure is built this way.

A new subject is typically first introduced on a lecture. The teacher gives an overall picture of the
subject to the students. Sometimes showing a visualization can help the teacher in his explanation so the
visualizations can also be used on lectures even if it is not the most effective use situation for them. Since the
student participation to controlling the visualization is small on a lecture, most likely the used type is an illus-
trative visualization.

After the lecture the student can revise the content of the lecture by reading the book or the copies
of the lecture slides. With the isualization identification numbers included in the materials the revisioning in-
cludes also use of the visualization tool. If the course web site contains a schedule on the lecture contents the
teacher can add links to the visualization examples on the topic there and easen the students work for search-
ing the visualizations by the reference numbers. At this time the visualizations provided do not need to be only
illustrative visualizations. Since the participation of the student is desired, a problem-solving visualization would
actually suit much better. If the teacher wants to provide extra help for the students that missed a lecture he
can also add visualizations about examples that are presented on the lecture from outside the lecture material
in the visualization environment.



It has been researched that the use of visualizations in preparing for the exercise sessions improves
the students preparation for the exercise session \cite{ahoniemi}. Thus it is a good idea to provide a visualiza-
tion task for the students as a homework assignment to be done prior to the exercise session. We recom-
mend a utilizing visualization for this since they are typically not too taxing but do engage the student to work
himself, which increases the benefits of the visualization.

In the exercise session there are numerous ways of using visualizations and many different types can
be used since the teaching situation in a smaller teaching group is usually easier to organize than in a lecture.
We suggest that the used type of visualization here would be something else than a utilizing visualization be-
cause the other types engage the student in the learning process better. At least some of the assignments every
week could be available in the visualization tool in addition to other ways of handling the assignment. This way
the weaker students can choose to do the assigment in the visualization tool and get started with the new sub-
ject. The students that do not have that many difficulties can choose the alternative to do the assignments in a
more traditional way without the visualization tool.

The use of productive visulializations (visualizing the students solution) in the programming assign-
ments the students need to return in the beginning of the course can also be helpful for the weakest students.
This way the students use the visualization tool to replace their normal program development environment. It
is called productive visualization. However, working in a visualization tool can be frustrating for the students
that can already program well so it should not be obligatory for everyone.

Sometimes it is a good idea, that using a visualization for at least in one task in the beginning of the
course is obligatory, so all the students will have at least one try with them. This way the students who recog-
nize them useful will be able to continue with using them. All of the students do not want to participate in new
ways of learning so the use of visualizations should not be obligatory all the time.

5. CONCLUSIONS

This paper provided a set of instructions and ideas for the teachers of introductory programming
courses on how to use visualizations. The instructions included a visualization directed model on integrating
the visualizations to the course materials and ideas on how to use different types of visualizations in different
learning and teaching situations.

To achieve a wide usage of the visualizations it is important that the teacher links them to all the
teaching materials of the course. This way the student does not need to put effort on finding the visualizations
and the usage will be easier and more frequent for the students. The teacher also needs to take care that the
different categories of visualizations are used versatilely and that the visualizations are used in different kinds
of learning situations. This way the student will be supported also on higher cognitive levels than just providing
knowledge of programming concepts.

These instructions should increase the benefits gained from providing the visualizations for the stu-
dents and easen the work done both by the students and the teachers.
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