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CATO is a German user interface for different computer algebra systems writ-
ten in Java. The author develops CATO as a response to the significant difficulties
faced by those engineers and students who only sporadically use computer algebra
systems. The usage of CAS in mathematical lectures should be an integral part of
mathematical instructions. However, difficulties arise for students when lecturers
employ CAS only once or twice a week in their lecture. In the author’s experience,
the usage of CAS is often perceived by the students as an unnecessary further bur-
den. Using CATO, the general user interface for CAS, there are no obstacles for the
students, also for the weaker. The author describes some experiences using CATO
linked with Mathematica, Maxima or the mathematical toolbox of MATLAB.

Previous approaches and considerations

There are many reasons for the usage of a computer algebra system in teaching
mathematics (see, for example [1] or general [3]. But the usage of CAS in a math-
ematical lecture can distract from the mathematics itself, for example [4].

The demand for better designs of user interfaces for computer algebra systems
is almost as old as the systems themselves. Kajler has described and developed his
ideas for a perfect user interface in various works and elaborated these in further
works (for example [5]). Kajler has postulated that well-designed computer algebra
interfaces should afford intuitive access. As such, they should enable the entry
of commands with more than one parameter by a two-dimensional layout. This
prevents syntactic and structural errors. In addition, all templates and masks should
follow the convention of operating from left to right. Intuitive interfaces should
also apply conventional mathematical notations, and decouple the surface from the
computer algebra systems. The interface should be serviced independently, and
regularly developed and updated. Ideally, it should understand a range of computer
algebra systems.

The author himself has used various computer algebra systems in his mathe-
matics courses at the University of Applied Sciences (HTWG) in Konstanz, begin-
ning with Maple, followed by Mathematica, and finally Maxima. His experiences
of students’ occasional usage of CAS in mathematics courses are complex; he has
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observed that the experience is not necessarily positive for all students. Only some
students are fascinated by the usage of a CAS, and independently explore its poten-
tial. A larger proportion of students accepts CAS, but learns only those commands
it considers necessary to prepare for upcoming examinations. Enough students
treat the learning of the vocabulary, syntax and grammar required for the usage of
CAS as an unwelcome burden, and consequently gives up on mathematics. The
majority, therefore, never see the opportunities provided by computer algebra as a
mathematical aid, [2].

The author wants to balance the difficulties of learning to use a computer al-
gebra system with the benefits of using it. He has developed an interface to use
a computer algebra system without distraction from mathematics, called the Com-
puter Algebra Taschenrechner (Calculator) Oberfläche (surface) or CATO for short.
In his intention, students should be able to successfully use CATO, even if their
knowledge of mathematics was limited.

The usage of CATO

The author uses CATO in the courses Mathematics One and Two in the Bachelor
of Electrical Information Technology degree program. The University of Applied
Sciences does not offer a general “Introduction to Computer Algebra” course. Con-
sequently, the author introduces students to the use of CATO in his first lecture,
after describing what a computer algebra system is, and why it makes sense to use
it. His students use CATO in the computer lab during the first week of lectures to
calculate three examples: differentiating, solving an equation, and plot a function.
Once they have done this, they grasp the concept and the structure of CATO, and
are able to use CATO without explicitly learning it (for example Janetzko 2015).
The students (including the weaker ones) are confident that CAS with CATO is no
further obstacle to pass the exam. They believe the structures of CATO create no
additional difficulties to use CAS.

Launching CATO, the student sees a surface like a graphical pocket calculator
with an input and an output window on the left hand. Below them there are several
menus. All commands can be selected via packages and menus. The commands
are grouped in packages or sub-packages. The packages group related commands
together: The menu with all packages is located at the bottom left. If one package
is selected, the commands of the selected package will be loaded in the menu right
next to it. For example, if the student selects the package “statistics” on the highest
hierarchy level, several statistic related subpackages will be shown in the menu
right next to the first one. After selecting a subpackage like “normal distribution”
or “descriptive statistics”, the commands of this one will be loaded in the third
menu at the bottom right next to the second menu.
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After selecting a command with more than one parameter, the student gets a
new input window with one row for every parameter. Each multi-parameter com-
mand has its own input window.

For example, the window of the command “n-th derivative” has three input
lines: “function”, “variable”, “n =”. The order of the input line is always indepen-
dent of the used CAS. CATO itself sorts the input according to the respective CAS.
(Additional a short description of the command is a part of this extra window.)

Other concepts realized in CATO

In writing CATO, the author has developed, adopted, and implemented many ideas
and concepts for ease-of-use. Some ideas can be found in the papers of Kajler.
As the author’s primary aim was to allow casual use of computer algebra in his
lectures, he has also integrated changes based upon his teaching experience with
Maple, Mathematica, and Maxima. Additional modifications have been the result
of student feedback.

When the author developed the basic concepts of CATO, he envisioned some
commands being contained in more than one package. For example, the command
“definition of a vector” is contained in the package “definitions” and in the pack-
age “linear algebra”. Some years ago, CATO was enabled to collect the last 20,
the last 50, or the last 100 commands residing in a new package. (There was no
modification to the internal structures of CATO needed, because of the possibility
of one command being member in more the one package.) The author believed it
would be a simplification to repeat the same command. But the students meant it
was too complicated. So the author extended CATO with the menu and package
“chronicle”, it collects all command during a session. The menu “chronicle” is a
part of CATO since the change to version 1.2.

Later, the students wanted to save, export and later to import (with a new name)
the package “chronicle” at the exam. Their desire was to win some seconds at the
exam having a list of all previously used commands.

Like a CAS, CATO has a log containing all command executions and corre-
sponding results. In some cases, students wanted to have more extensive descrip-
tions of the commands in the detailed input window and the log. For commands
with more than one parameter, the description in the log and in the input window
is usually more extensive than its name in the package. In contrast to normal CAS,
in CATO there is a difference in the usage – selection – and the application – input
of the parameters – of a command. The author could satisfy all requests for better
or more extensive descriptions without modifying the internal structures of CATO
and furthermore without modifying the command in the package menus.
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Modification in the lessons

The exam in the computer lab consists of two parts: Part one is without any aid.
The students receive it at first and when one of them believe, he has solved all
tasks, he submits this part. Part two is with aid (naturally with documents), the
student can and should use CATO with one CAS at the PC. Of course, there is no
connection to the Internet.

Using CATO, teaching has been modified in the desired way. The author can
use CAS for more and more illustrative examples, often examples helping to an-
swer some comprehension questions. Furthermore, very long calculations can be
shorted to the crucial parts. Priorities are newly settled as shown in the following
old exercise:

We consider a bottling plant for milk. The milk in the bottles can described by
normal distribution with µ = 1001 ml and σ = 1.3 ml. Describe the probability to
get a bottle with less than 998 ml!

Without CAS you need the quantil of the N(0,1) distribution from a table and
the transformation rule of Gauß. But applying CAS the solution is only one (cor-
rect) command. Consequently, we need a new exercise:

We can describe the bottling plant for milk in the following way: 5 % of
the bottles content less than 997.5 ml and 2.8 % content more than 1002.3 ml.
Determine µ and σ !

To solve this new kind of exercises, students need a deeper understanding of
quantiles and can solve more realistic exercises.

Some changes in students’ behaviour

After the eighth to tenth week of lecture, most students explored themselves in-
dependently the possibilities of CATO connected with a CAS. This never occurred
previously by using a CAS without CATO. The author was able to note the fact; the
students questioned the command set of CATO or the cryptic results of the CAS.

The author has of course always questioned in his lectures the potential and
the limits of CA by appropriate examples. Only since using CATO there were
reactions of students.

Sometimes there are moments in which the teacher must presuppose some-
thing and some students have knowledge gaps. The reaction of these students was:
“CATO schafft es schon!” (“CATO makes it!”). They are apparently confident
that such issues would be assessed only in the exam part with aids and they could
bridge their knowledge gaps by CATO commands.

By allowing CATO with a CAS in the exam part with aids, students were able
to succeed the exam in Mathematics II despite of significant gaps in Mathematics
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I. Whether this is in general useful, you have to consider yourself in dependence of
the lecture goals.

Conclusions

In the author’s experience, it makes sense to teach mathematics integrating occa-
sional usage of computer algebra systems. The author can only reflect his own ex-
perience and describe similar experiences of other teachers, who also used CATO
in connection with a CAS. There were no evaluations on student achievement using
CATO and a CAS compared with other students for various reasons. The author
was the only teacher in this field, who allowed CAS as an aid. The author was
an external lecturer. Therefore, there was possibility for parallel lectures, one with
CATO and CAS, even without CATO and CAs. Additionally, it would be inap-
propriate to compare with the lectures before CATO existed, since the usage of
CAS highly increased and the content of the lecture changed accordingly. There
remains only the usual lecture evaluations in comparison to evaluations of lectures
organized by other faculty members, but obviously there are too many other influ-
encing factors.

Currently there are approximately 550 commands for Maxima, 550 commands
for Mathematica (version 4.0 or higher), 450 commands for the Mathematical tool-
box of MATLAB, 300 commands for Maple (version 9.5 or higher), 350 commands
for MuPAD 3, 250 commands for Yacas and 150 commands for MATLAB. In ad-
dition, there are more than 50 CATO internal commands. Currently, the German
CATO is translated to English and French. Free trial versions of CATO can be
downloaded from the author’s website at any time, http://www.computeralgebra.biz
(also some links or references to articles about CATO).
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