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ABSTRACT: This report briefly describes a Computer 
Science contest for high school students which was re- 
cently organized by the Department of Computer Science 
at the University of Pisa. The goal of the contest was to 
stimulate the interest of high school students for Com- 
puter Science, and to give them a chance of demonstrat- 
ing and developing their problem solving abilities. A dis- 
tinguishing aspect o f the contest was that no background 
in Computer Science was required to participate. 

I. INTRODUCTION AND MOTIVATIONS 

The Depar tment  of Computer  Science at the Uni- 
versity of Pisa offers two undergraduate  programs 
("Diploma in Informatica",  3 years and "Laurea 
in Informatica",  5 years) and a graduate  program 
("Dot tora to  in Informatica",  4 years). 

Every year, the Depar tment  organizes a number  
of events to introduce high school students to Com- 
puter Science (CS). Indeed, while computer  appli- 
cations are nowadays present in almost all branches 
of human activities, the role and specificity of CS 
is generally only partially perceived by non-experts 
of the field. For instance, while high school stu- 
dents are generally familiar with Internet  applica- 
tions and video-games, they often under-est imate 
the amount  of mathemat ics  and logic underlying 
CS. 

In order to try to give a more general and faithful 
view of CS, our Depar tment  organizes in t roductory 
lectures to illustrate CS curricula and research ac- 
tivities. This year we decided to accompany the 
seminars with another  in t roductory  activity, which 
could be more enjoyable ( though still formative) for 
high school students: A Computer  Science contest. 

II .  DESIGNING THE CONTEST 

The goal of the contest was to st imulate the interest 
of high school students in CS, and to give them a 
chance of demonstra t ing and developing their prob- 
lem solving abilities. 

The contest was designed by following two main 
criteria: 

(1) No background in CS is required to be ad- 
mit ted to the undergraduate  programs offered 
by the Depar tment .  Actually recent statistics 
showed tha t  most of the students who success- 
fully completed their undergraduate  studies in 
CS had no knowledge of CS before start ing 
their  University courses. The first criterion 
was hence to allow all high school students to 
part icipate in the contest. No background in 
CS was required to participate.  

(2) Even though the ability of using or program- 
ming a computer  is only one of the aspects 
studied in CS, it is natural  to expect a CS 
contest to be run on computers.  The second 
criterion was therefore to run the contest on 
computers,  also for satisfying the curiosity of 
beginners. 

In order to follow the two above criteria, we had 
to individuate a "language" very easy to under- 
stand and to use, and which at the same t ime could 
solve a significant class of problems. We found that  
the formalism of Turing Machines satisfies these re- 
quirements. On the one hand,  the basic behavior of 
a Turing Machine can be easily unders tood by peo- 
ple with no knowledge of CS. On the other hand,  
Turing Machines can be used to solve the largest 
class of problems which can be solved with a com~ 
puter language (viz., all computable functions). 
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After choosing Turing Machines as the  "lan- 
guage" for the contest,  the  first problem to be faced 
was finding a convenient way of introducing Turing 
Machines to beginners. 

I I I .  INTRODUCING TURING MACHINES 

Many CS books contain a description of Turing Ma- 
chines, generally presented in the  context  of com- 
putability, complexity or a u t o m a t a  theory. From 
an educational  point of view, Taring Machines are 
not usually employed as the first formalism to intro- 
duce CS. Indeed while Taring Machines can be used 
to code sophisticated programming techniques (like 
writing an interpreter  for the formalism),  solving 
non-trivial problems via Turing Machines can be 
hard. Moreover, the associated theories introduce 
non-trivial notions, like for instance the notions of 
decidability and semi-decidability in computabi l i ty  
theory. 

In spite of this, the basic behavior of Turing 
Machines can be explained to beginners in a sim- 
ple way, as i l lustrated by the  following description. 
We therefore decided to prepare a short and self- 
contained int roduct ion to Turing Machines. This 
material  was distr ibuted to the schools together  
with the  presentat ion of the contest.  Moreover, to 
encourage part icipation,  we organized an introduc- 
tory  seminar on Taring Machines one mon th  before 
the  contest,  which was a t t ended  by more than  200 
students.  

W H A T  IS A TURING MACI t lNE?  

In 1936 Alan Turing, a British mathemat ic ian ,  pro- 
posed the  idea of an imaginary  machine able to 
perform all kinds of computa t ions  on numbers  and 
symbols. 

A Turing Machine (TM) is defined by a set of 
rules which define the  behavior of the machine on 
an i n p u t / o u t p u t  tape. The tape  is divided into 
(a potentially infinite number  of) cells. Each cell 
contains a symbol or it is empty. A TM has a 
r ead /wr i t e  head which moves along the  tape  by 
reading, writ ing and erasing symbols in the  tape  
cells. The machine anMyzes the tape,  one cell at 
a t ime, s tar t ing from the  cell which contains the 
left-most symbol in the  tape.  

At each step, the machine reads ~ symbol from 
the tape  and according to its internal state: 

(1) It modifies its internM state,  and 

(2) it writes a symbol on the  tape  or moves its 
head one cell left or right. 

Like a s ta te  of the mind of a human  being, the 
internal  s ta te  of a TM defines the  environment  in 
which decisions are taken.  A TM can only have a 
finite number  of states. 

The behavior of a TM can be p rog rammed  by 
defining a set of quadruples of the form: 

(current-state, read-symbol, 
new-state, write-symbol/direction). 

For example the  quadruple (0 ,  A, 1, B) states 
tha t  if the machine is in the  internal  s ta te  0 and 
reads symbol A from the tape,  then it changes its 
internal  s ta te  into 1 and writes B on the tape.  The  
quadruple (1,  B, 0, > ) i n s t e a d  states tha t  if the  
machine is in s ta te  1 and reads symbol B from the 
tape,  then  it changes its internal  s ta te  into 0 and 
moves its head one position right. 

Notice tha t  a set of quadruples associates with 
each pair 

current-state, read-symbol 
at most  one pMr 

new-state~ write-symbol/direction. 
Let us now see how a TM computes. Initially the 

tape  contains a finite sequence of symbols, called 
input sequence. The TM is in its initial internal  
state,  0 say, with its head on the left-most sym- 
bol on the  tape.  Star t ing from this initial con- 
figuration, the TM performs u sequence of actions 
by strictly following its set of rules. If the  ma- 
chine reaches an internM state  such tha t  there  is 
no quadruple for the  pair: 

current-state, read-symbol 
then the TM halts and te rminates  its computation. 

Consider for instance a TM which modifies a se- 
quence of t and B by replacing each t with a B 
and vice-versa. Such a TM can be defined by the 
following set of rules: 

0 A i B 

0 B 1 A 

0 - 2 - 

1 A 0 > 

I B 0 > 

where - denotes the emp ty  cell. If the  input se- 
quence is AB then the TM performs the  following 
computat ion:  
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0 
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1 

0 

1 

I IAI I 

0 
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The interface of the simulator used for the con- 
test  displays a Turing Machine running on the tape  
and presents: 

Two windows where the set of rules of the Tar- 
ing Machine and the initial tape can be directly 
typed in, 

a LOAD but ton  for loading the  set of rules of a 
Turing Machine from a list of given machines, 
and a SAVE but ton  for saving changes, 

RUN, RUN-FAST and STOP but tons  to put  the 

machine at work. 

2 

IBIAI I 
Notice tha t  a TM may  not t e rmina te  its compu- 

tat ion on some input. For instance, the TM: 

0 A 1 B 

1 B 0 A 

will never halt on any sequence of A and B, as it 
will keep replacing A with B and vice-versa in the 
left-most non-empty cell. 

IV.  TURING MACHINE SIMULATOR 

After introducing Turing Machines to beginners, 
the second problem was to find a Turing Machine 
simulator for running the  contest. We looked for 
a simulator which was extremely easy to use, and 
which had some kind of nice interface. 

Among several Turing Machine simulators avail- 
able on the net,  we found tha t  the simulator devel- 
oped by the Buena Vista University Java Team [1] 
offered both these features, its graphical interface 
being particularly appealing. Indeed the BVU sim- 
ulator won a USD 75,000 prize in SUN MicroSys- 
terns JAVA programming contest last year. 

The main obstacle for employing the BVU sim- 
ulator for our purposes was tha t  it did not allow 
users to permanent ly  save their programs (i.e., their 
Turing Machines). With  the agreement  of BVU, 
we modified the simulator so as to overcome this 
limitation and to support  multi-user functioning. 
We also simplified the interface of the simulator by 
eliminating several functionalities supported in the 
original version. 

V .  THE CONTEST 

The contest was designed as a competi t ion among 
teams of high school students.  Each team consisted 
of two students,  who part icipated in the contest 
representing their  school. The teams were given a 
number  of problems to be solved by programming 
Turing Machines on a computer .  

The response of the high schools to the call 
for participation was more than  positive. 38 high 
schools part icipated in the contest,  from eight dif- 
ferent provinces of Italy. For the first edition of the 
contest, we limited participation to 50 teams, and 
each school was hence represented by one or two 
teams of students.  It is worth observing tha t  only 
half of the schools part icipating were schools spe- 
cializing in technical disciplines. The other half was 
formed by "Liceo" schools, specializing in classical 
and scientific studies. 

The contest was run on March 17, 1997 at the 
Comput ing Labs of the Depar tment  of CS of the 
University of Pisa. The 100 participants were given 
nine problems to be solved in three hours. The 
contestants worked on 50 workstat ions connected 
by a locM network. After  the contest, the Judges 
classified the teams on the basis of the number  of 
problems correctly solved and of the t ime spent to 
produce the correct solutions. The solution of a 
problem was considered correct if the correspond- 
ing Turing Machine behaved correctly on a set of 
test tapes. 

A number  of companies and institutions spon- 
sored the contest: ACM (Association for Com- 
puting Machinery), Apple Computer, the Depart- 
ment of Computer Science at the University of 
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Pisa, DocLine Internet  Provider, the Province di 
Pisa, Punto  Video, TEKNOService ,  the University 
of  Pisa, and 3Com. The  sponsors offered a number  
of prizes for the  schools of the  first teams,  including 
personal  computers ,  printers,  and funds for devel- 
oping comput ing  labs. The  ACM offered 20 free 
ACM s tudent  membersh ips  to  the  s tudents  of the  
first 10 teams.  Smaller prices and gadgets  were of- 
feted to  all the  par t ic ipants .  

V I .  ASSESSMENT OF THE EXPERIMENT 

Organizing a CS contest  for high school s tudents  
was a considerable effort. This exper iment  sug- 
gested a number  of observat ions which we would 
like to share with o ther  people interes ted in the  is- 
sues of C o m p u t e r  Science educat ion.  

CHOICE OF THE LANGUAGE 

The first observat ion concerns the  choice of Turing 
Machines as the  " language" for the  contest .  

The  ambit ious  object ive of running a CS con- 
test  on compute rs  wi thou t  assuming par t ic ipants  
to have some CS knowledge obviously posed se- 
vere constraints  on the  choice of the  language.  Be- 
fore choosing Turing Machines,  we analyzed several 
o ther  possibilities such as using some existing ed- 
ucat ional  p rog r a mming  language,  like LOGO,  or 
even designing an over-simplified language jus t  for 
the  contest .  The  main  problem was how to give a 
short  and self-contained in t roduc t ion  to these lan- 
guages,  which could be quickly unde r s tood  by peo- 
ple with no knowledge of CS. 

This difficulty led us to choosing Turing Ma- 
chines, which have the  addi t ional  aJdvantage of be- 
ing a really impor t an t  and powerful formal ism in 
CS. A potent ia l  risk of showing Turing Machines as 
the  first example  of executable  language is t ha t  it 
may  give beginners the  impression tha t  program- 
ming is basically a low-level coding process,  far 
f rom being an intellectually rewarding activity. On 
the  other  hand ,  teaching beginners how to solve 
simple problems by p r o g r a m m i n g  Turing Machines 
offers several i m p o r t a n t  benefits f rom an educa- 
t ional point  of view. S tudents  learn to formalize 
their  ideas in an unambiguous  language,  under-  
s tand  the  not ion of an "executor"  of commands ,  
and au tonomous ly  discover the  not ion of a lgor i thm.  

HANDS-ON-KEYBOAP~D 
Let t ing contes tants  use compute rs  distinguishes a 

CS contest  from other  "paper-and-penci l"  contests ,  
like the  Internat ional  Mathematics  Olympiads [2]. 

Indeed,  giving the  contes tants  the  possibility of 
wri t ing and running  their  p rograms  on a compu te r  
t u rned  out  to be very s t imula t ing  for the  stu- 
dents,  and the  impor t ance  of this should not  be 
under -es t imated .  The  "reactiveness" of comput -  
ers is probably  the  most  fascinat ing aspect  of using 
computers .  Get t ing  immedia t e  feedback for wha t  
you write is an i m p o r t a n t  aspect  of compu te r  uses 
in educat ion in generM. 

SCHOOL INVOLVEMENT 
We believe tha t  one of the  main  reasons for the  
large par t ic ipa t ion  of schools was the  choice of cen- 
ter ing the  contest  a round  a topic  which could be 
briefly described in a self-contained way. 

This  allowed us not  to worry  about  the  differ- 
ences among  the  CS p rog rammes  t augh t  in differ- 
ent types  of (some of the)  high schools. The  self- 
containedness  of the  topic  also encouraged the  in- 
volvement  of high school teachers  in the  prepara-  
t ion of the  contest .  Many  teachers  devoted several 
class hours  to t ra in  their  s tudents  with  Tur ing Ma- 
chines. Some schools run local contests  to select the  
school representat ives.  The  en thus iasm and fresh- 
mindness  of the  contes tan ts  comple ted  the  picture.  

OVERALL ASSESSMENT 
We th ink  t ha t ,  in general,  the  first edi t ion of the  
CS contest  for high school s tuden ts  may  be con- 
sidered a successful event.  The  par t ic ipa t ion  of 
the  schools was higher t h a n  expected.  Moreover,  
as each school par t ic ipa ted  wi th  only one or two 
teams,  the  level of the  contes tants  was very high. 
Many  teams correctly solved in th ree  hours  most  
of the  posed problems.  The  problems varied in dif- 
ficulty, an average-difficulty problem being: Write 
a Turing Machine which, given an input  sequence 
S consisting of  h ~s and B 's, replaces S with the se- 
quence YES or with the sequence NO depending on 
whether S is palindrome or not. 

It is interest ing to observe t ha t  the  ma jo r i ty  of 
the  best  ranked teams  (including the  first one) were 
f rom "Liceo" schools, specializing in classical and 
scientific studies,  where  (a lmost)  no CS is t augh t .  
The  results therefore  somehow showed tha t  t he  ini- 
t im object ive of allowing all s tudents  to  par t ic ipa te  
in the  contest ,  independent ly  of their  knowledge of 
CS, had  been obtained.  
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OTHE~ CONTESTS 
The idea of organizing a CS contest for high school 
was inspired by the ACM International Collegiate 
Programming Contest [3], the oldest and largest 
programming competition for universities and col- 
leges. The main difference between the two contests 
(besides obviously the size) is that  the ACM contest 
relies on the educational experience of the partici- 
pants, which must be able to program in Pascal, C 
or C++.  

Many other programming contests exist. For in- 
stance, the International Olympiads in Informatics 
[4] is another international programming contest 
for high school students. Some other programming 
contests feature different categories to accommo- 
date different computing abilities and interests of 
students. One example is the computer program- 
ming contest for junior and senior high schools stu- 
dents organized by the American Computer Science 
League [5]. Another example is the Calgary Region 
Computer Programming Competition [6], which in- 
eludes creative programming, problem solving and 
computer art competitions. 

All these contests differ from our Turing Ma- 
chine contest in that  they are programming contests 
which rely on the educational experience in CS of 
the participants. 
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to an improved understanding of  the software 
development process, and improved student 
satisfaction. The primary costs are associated 
with acquiring the necessary hardware and 
software to support the proposed curriculum 
changes. 
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