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In Germany, there is an ongoing debate about the crisis of education on all levels from
primary school to university. 100s of pieces of evidence are pointed out to prove that
the crisis exists. Some typical examples of incriminating phenomena are the following.

1.

7.

German pupils pass international rankings and comparative tests in Mathematics,
Natural Sciences, and other topics with low marks.

. Because only a very few young teachers were hired in the last 15 years, the

teaching staff at schools is growing old with an average age of about 55 years
meanwhile.

. Too many schools are badly equipped with computers and lack access to the

internet.

While the universities and colleges in Germany provide 1 million places to study,
2 million students share them.

Graduates leaving university are often considered much too old. Many of them
started primary school at the age of 7 rather than at the regular age of 6. School
run normally for 13 years of which one or the other year may be repeated. Most
males loose another year in military service. And the studies last usually 7 years
rather than 4 to 5 years as officially claimed because most students must earn
their living besides their studies.

. Although there are 4 million unemployed persons, the industry cannot find enough

— properly trained and young — computer professionals and other experts.

German universities and colleges lack internationality.

I am not prepared to discuss these and similar observations in any depth at the moment.
But, in my opinion, all of them need a much closer and more detailed look before any
conclusion should be drawn. Although the state of the educational system in Germany
requires much consideration and care, the situation is less miserable than it may sound.
The major trouble seems to be that there is much more lamentation than thinking and
action to overcome the problems. Moreover, most proposals to improve the educational
system concern structural measures like internationalization, globalization, computer-
ization, internetization, modularization, etc. But it is widely ignored in the discussion
that education is a process involving people and that the success depends mainly on
their motivation and dedication, enthusiasm and stubbornness.



I am planning an article on the “misery” of German education from the point of view
of computer science. And I wonder about the situation in other countries. Is education
a topic of public discussion? What are the main issues? Which role does computer
science play? I would appreciate contributions related to these questions or to any
other educational matter. Contributions to the column should be send preferably in
electronic form to
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The main article of this issue of the column is a good example that education can be
child’s play. James V. Rauff reports on his experience in teaching formal language the-
ory to teenagers. I am very grateful to him that he answered my call for contributions
on The joy of teaching Theoretical Computer Science at the beginning of this year. I
hope for more contributions in this line to make it a proper series.

The Joys of Teaching
Formal Language Theory to Children

James V. Rauff
Millikin University
jrauff@mail.millikin.edu

Introduction

I have long been of the opinion that formal language theory is one of the best entries to
theoretical computer science for elementary school children because it offers the images
of graphs, the essential notion of an algorithm, and the fundamentals of deductive proof
all in an easily accessible package. In this short note I am pleased to relate some of the
joys I experienced while introducing two grade school children to wonders of formal
languages.

The Students



My two students, who I will call Adam and Kay, had both just finished the sixth grade.
Adam, a boy, was 11 and Kay, a girl, was 12 at the time of the sessions. I wanted to
get the two children to the point where they could write simple formal grammars that
generated languages with specified properties and to be able to determine whether or
not a given word was accepted by a given grammar. I had no plans to get into the
Chomsky hierarchy nor to say much, if anything, about automata unless it came up.
Both students had worked some with turtle programming in previous sessions with me
so that the notion of an algorithm and programming was not foreign to them. Indeed,
Adam had already written several programs in BASIC.

Color Tile Alphabets, Rules, and Words

In order to make formal grammars more of a manipulative activity, we used color tiles
as the elements of the alphabets for our grammars. The tiles can easily be rearranged
to explore derivations and pose rewriting rules. For example, one of the first grammars
we explored was the ever-popular regular grammar on {R,Y'}:

S — RGY
G — RGY

which generates the language { R"GY™,n > 0}.

To further clarify the processes I wished to teach and to make use of the color tiles I
replaced the customary start symbol, S, with the phrase “Always start with.” Thus,
the rule S — RGY would be given as “Always start with RGY.” The grammar would
be given to the students in this form:

Tiles you can use: R,G,Y
Rules:
(1) Always start with RGY
(2) Replace a G with RGY
(3) Stop anytime.

Using the tiles, the students would first lay out a 3-tile sequence Red-Green-Yellow and
then create new words by replacing the green tile by the same Red-Green-Yellow se-
quence. In this grammar we made no distinctions between terminals and non-terminals.
We did make the distinction in other grammars as well as using tile-removal-rules that
correspond to e- or A-productions. For example, the previous grammar could be mod-
ified to:



Tiles you can use: R,G,Y
Rules:
(1) Always start with RGY
(2) Replace a G with RGY
(3) Remove a G
(4) Stop only when there are no G’s in the pattern.

This grammar generates the language {R"Y"™,n > 0}. Note that we identify certain
tiles as nonterminals by prohibiting them in the final patterns.

Proof, Design, and Joy

After giving the students practice in using the rules to generate patterns I posed ques-
tions to them which T hoped would test and extend their abilities. The first group
of questions asked them to prove that certain tile patterns could be generated by a
given set of rules. Solving these problems required, in essence, deductive proof and the
students were splendidly successful. Here’s an example.

Given the tile pattern rules:

(1) Always start with RG

(2) Replace a G with YB

(3) Replace a G with RG

(4) Replace a B with RB

(5) Replace a B with R

(6) Stop only when there are no B’s or G’s in the pattern,

prove that the following patterns can be made with these rules:

RYRRRRR
RRRYRRRRR
R100 YR 2500 .

Kay gave a marvelous proof of the last pattern. She said, “Rule #3 always lets us put
down as many red tiles as we want at the beginning and then Rule $2 puts the yellow
down and then Rule f4 lets us put as many reds as we want to at the end. So, we
can always get another red at the beginning and another at the end.” Kay invented an
induction proof.

The second group of questions that I posed challenged the students to create grammars
that generated particular languages. Again the students rose to the challenge. They
handled several starter languages with ease and then looked at some context-sensitive
rules. I then gave them what I thought would be a real difficult challenge. Working
together they came up with a grammar that produced a tile version of the copy language
on two letters. Their grammar read like this (the colors are Red, Pink, Blue, Orange,
Yellow, Green, White, and bLack):



—t

Always start with OWGB
Replace OW G with ROWGR
Replace OWG with YOWGY
Replace WGR with LGP
Replace WGY with LGO
Replace LGR with LGP
Replace LGY with LGO
Replace PR with RP

Replace PY with Y P

Replace PB withBR

Replace OR with RO

Replace OY with YO

Replace OB with BY
Remove OLGB

Stop when you only have R’s and Y’s in the pattern.
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This was indeed a fine piece of work and I was ecstatic with the result. Even more
joyful to me were their explanations. Adam wrote, “We couldn’t figure out how to
make the back end copy the front because it always came out backwards. So, we
decided to just take the backwards copy and turn it around.” Kay wrote, “The pink
tiles kind of remember that you’re moving a red tile to the back and the orange ones
remember yellow. That way we didn’t mix up the reds and yellows we hadn’t moved
yet with those we were moving.” This was great!

Reflections

I must admit that Adam and Kay achieved much more in formal language theory than
I expected. In addition to the tasks I posed to them, Adam and Kay also invented
some of their own formal language theory along the way. They wrote a grammar that
required the rules to be used in a particular order (a programmed grammar) and they
pointed out that you could get some “really cool patterns” by choosing rules by flipping
a coin or throwing a die (stochastic grammars). Adam suggested that we could draw
a pictures of the rules using “lines with arrows” to help us see what was going on with
the grammars. He, in effect, came up with the notion of a finite state automaton.

Their persistance in manipulating the tiles and writing the rules to achieve and prove
patterns was inspiring. I have never enjoyed teaching formal languages more. Their
excitement was contagious and reminded me once again that we should never assume
that any area of mathematics is “too advance” for children.



