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1 . Introduction 

In t h i s  paper we consider t h e  nature o f  a stat ist ics course and discuss 
t h e  ro le o f  t h e  computer in it. In part icu lar ,  we discuss t h e  t h e  course f o r  
t h e  f i r s t  year-students a t  t h e  un ive rs i t y  level. In t h i s  context, f o r  
example t h e  fo l lowing questions are essential: How much e f f o r t  should be 
p u t  e.g. i n to  handl ing t h e  mathematical propert ies o f  centra l  concepts l i ke  
mean, variance and correlation? What i s  t h e  real d i f ference between a 
mathematics and  a stat ist ics course, o r  a course i n  computer science? In 
fact, is  a subject  called stat ist ics needed any more? Can mathematicians 
handle formulae and computer scient ists computers more e f f i c ien t ly  than  
stat ist ic ians? However, t he re  i s  sure ly  no  just i f icat ion i n  cal l ing a course a 
real stat is t ics cou.rse, when al l  we know o f  it i s  t h a t  t h e  formulae o r  
means etc.  a re  care fu l l y  handled. in  o u r  paper we handle t h e  concept o f  a 
real stat is t ics course and discuss t h e  essential ro le o f  t h e  computer i n  
it. 

T h e  course which we are teaching is  g iven i n  t h e  Facu l ty  o f  Economics and 
Administ rat ion a t  t h e  Un ive rs i t y  o f  Tampere. The  computer has been used 
on a la rge scale i n  teaching basic stat ist ics i n  t h e  Un ive rs i t y  o f  Tampere 
since t h e  yea r  1975. Computer usage was begun app ly ing  t h e  system 
SURVOI71 i n  data-analytical problems. Pukki la (1978) and Pukki la  and 
Puntanen (1980) are  papers descr ib ing t h e  commencement o f  computer use 
in t h e  Un ive rs i t y .  A f t e r  promising experiences o f  i t s  use i n  data-analytical 
pract ica l  stat ist ical  problems, use i n  teaching was extended i n  1978 t o  
cover also theoret ical concepts (sampling d is t r ibut ions,  tes t ing  o f  h y -  
potheses, regression models, analysis o f  variance models, t ime series 
models, generat ion o f  data f rom these etc.). For t h e  i l lus t ra t ion  o f  such 
theoret ical stat ist ical  concepts t h e  KONSTA system (Pukkila, Puntanen and 
Stenman 1984) was developed a t  t h e  Department o f  Mathematical Sciences. 

2. Aims of the Basic Course 

When coming t o  t h e  course most s tudents have no t  y e t  had time t o  s t u d y  
especially deeply t h e i r  main subjects, where later  t h e y  have possib ly  t o  
app ly  stat ist ical  methods. It might  be  argued i n  t h i s  k i n d  o f  si tuat ion t h a t  
t h e  basic course i n  stat ist ics comes too ea r l y  i n  t h e  students'  program. 

J 

T h e  basic course is ob l iga tory  f o r  al l  students i n  t h e  Facul ty .  T h i s  is  i n  
many cases t h e  on ly  reason w h y  a s tudent  comes t o  t h e  course, so t h a t  t h e  
a t t i tudes o f  s tudents towards t h e  course are  also no t  t h e  best  possible. 

T h e  goal i n  teaching is  t h a t  a f te r  t h e  basic course students should be  able 
t o  cope w i t h  stat ist ical  problems eventual ly  a r is ing  i n  t h e i r  major subjects. 
Among o the r  th ings  t h i s  means t h a t  t h e y  should be  able independent ly  t o  
c a r r y  o u t  a b r i e f  empirical stat ist ical  research. I n  o rde r  t o  reach t h i s  goal, 
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the students should be able t o  q u i r e  data, to handle them, interpret 
results and f i na l l y  t o  write a report.  Hopefu l l y  t h e  course also 
arouses real interest for later statistical courses, especially among those 
studying an applied subject. On the other hand, the  basic course has also 
t o  form a sound basis upon which t o  bui ld  later studies in statistics on the  

curriculum. 

3. Natrire of Studies on the Basic Course 

Basic course is  ihtended t o  be as practical as possible. This does not mean 
that  theoretical matters are not handled on the course. Nevertheless prac- 
tical problems have a central role. For the students the  handling of prac- 
tical problems begins wi th  the  finding and formulating o f  statistical prob- 
lems. It continues t o  obtaining data and analyzing them and ends wi th  the 
writ ing o f  a report. 

Let us consider some part icular points i n  the  teaching of statistics f o r  
first-year students. How much time should be given e.g. t o  the handling 
of the mathematical properties of  basic concepts l ike mean, variance and 
correlation? I s  such a course where these topics are treated i n  detail a real 
statistics course? What is the  difference between a mathematics and a sta- 
tistics course, o r  a course i n  computer science? I n  fact, is  a subject called 
statistics needed any more? Can mathematicians handle formulae and com- 
puter scientists computers more efficiently than statisticians? 

I n  t r y ing  t o  answer the  above questions it must be remembered tha t  the  
course we are talk ing about is a f irst-year course. This is  important be- 
cause the f i r s t  statistics course has a somewhat di f ferent role from later 
courses. Attitudes t o  statistics are to  a great extent created on the f i r s t  
course, and it can be said tha t  i n  statistical research attitudes mean a 
great deal: If they are not "correctn, then not even the correct formulae 
will help. Mathematical courses have longer tradit ions than those i n  statis- 
tics and all students have some idea of what mathematics is about, while 
statistics is a new subject t o  them. 

There is surely no justification i n  calling a course a real statistics 
course, when al l  we' know o f  it is that  formulae o f  means etc. are handled 
carefully. Similarly a course which shows i n  detail how the computer can 
be used in  statistical calculations is not necessarily a real statistics 
course. These conclusions can be drawn e.g. from one important aim of the 
f i r s t  statistics course. Af ter  a course u student should be able indepen- 
dently to carry out empirical research. But  knowing all formulae and 
computer commands does not necessarily imply tha t  a student is able t o  
wri te a repor t  on his findings. These capabilities, however, are funda- 
mental to  the  statistician's role. The wr i t ing o f  an accurate, understand- 
able report  is  an essential p a r t  o f  the statistical research process. 

It happens every now and then that  a student comes and says: "Here are 
the statistics I calculated. What  next? Or do you sign my study book 
now?" Here the  main point, statistically seen, is l1Whut next?" It is 
not enough f o r  a statistician (not even fo r  a f irst-year statistician) t o  
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know all t h e  co r rec t  formulae and  t h e i r  ef fects o r  t o  use t h e  computer co r -  
rec t ly .  

A real stat ist ics s tudent  should b e  able t o  combine d i f f e r e n t  t h i n g s  in a 
sensible way; he should know t h e  co r rec t  formulae, be  able t o  calculate 
stat ist ics and he should know what to do w i t h  t h e  stat is t ics he has cal-  
culated. A n d  above all, he should be  able t o  create stat ist ical  problems, 
i.e., he should have a stat ist ical  imagination. In simple terms: a mathe- 
matics s tudent  has t o  p rove  a theorem, a computer science s tudent  has t o  
w r i t e  a program which works  i n  t h e  desi red way, a stat is t ics s tuden t  has 
t o  solve a real statistical problem, a data matrix being connected with 
it. These problems have ra the r  d i f f e ren t  natures pa r t i cu la r l y  a.s regards  
t h e i r  levels o f  uniqueness. It is  t yp i ca l  in an empir ical stat ist ical  research 
t h a t  there  are  no unique problems w i t h  unique solutions. Th is  is a matter 
t h a t  t h e  f i r s t - yea r  s tudents should be  faced wi th .  

T h e  computer is a necessary slave i n  i ns t i l l i ng  i n to  students an actual feel-  
i n g  f o r  empirical stat ist ical  research. T h i s  slave allows t h e  stat ist ical  ima- 
ginat ion t o  w o r k  f r e e l y  w i thout  tedious calculations be ing a l imi t ing factor .  
B u t  no t  al l  decisions can he made by t h i s  f a s t  slave, because i t s  common 
sense is more l imited than  t h a t  o f  a wel l-pract ised stat ist ic ian. 

When speaking o f  t h e  teaching o f  stat ist ics it i s  usefu l  t o  remember t h a t  
stat ist ics should help f o r  example i n  making cer ta in  decisions. T h i s  means 
t h a t  stat ist ical  problems must  be de r i ved  f rom real  life. Real l i f e  research 
problems raise questions, and it i s  possible t h a t  stat ist ics may help t o  
answer these questions. Between questions and answers cer ta in stat ist ical  
methods are inev i tab ly  applied. Th is  means t h a t  teaching stat ist ics should 
no t  be  deal ing o n l y  w i t h  techniques f o r  calculat ing means, variances, co r -  
relat ion coeff ic ients etc. T h e  technique should be  combined w i th  an empir i -  
cal problem in t h e  background.  Th is  i s  no t  easy especially on  big courses, 
b u t  a basic course i n  stat ist ics should nevertheless contain a lei tmoti f .  
Th i s  backbone would also hopefu l ly  motivate students t o  s t u d y  stat ist ics. 

Besides t h e  empir ical problems t h e  basic course also involves many matters 
o f  a theoret ical nature.  Common t o  these i s  t h a t  f o r  many students t h e y  
are ra the r  d i f f i c u l t  t o  understand.  These theoret ical matters are  connected 
in one way o r  another w i t h  t h e  concept o f  sampling d is t r ibu t ion .  When 
teaching theoret ical stat ist ical  concepts connected w i t h  sampling d i s t r i b u -  
t ions we have a t  one stage repeatedly t o  use phrases l ike:  if we took 
from a certain population 100 simple random samples of a given size n and 
calculated the 95% confidence interval according to a certain formula for 
the population means p from each sample, then about 95 of these intervals 
would include the r ight value of p." If t h e  teacher has on ly  chalk and 
blackboard available, t hen  in t h e  pract ica l  teaching si tuat ion on ly  phrases 
l i ke  t h e  above are possible. B u t  nowadays o ther  k inds  o f  equipment are 
also available. Why no t  use them? 

4. T h e  Organizat ion of Computer Usaqe in t h e  Teaching of Stat ist ics 

I n  t h e  Un ive rs i t y  o f  Tampere t h e  use o f  t h e  computer was in t roduced on 
t h e  basic courses in data-analytical problems in 1975. It was seen t o  be  an 
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inconsistency whi le la ter  stat ist ical  research obl iged students almost i n v a r i -  
ab l y  t o  use the  computer, t h e  basic course took  no account o f  th is .  O u r  
opinion was and is  t h a t  in f a c t  a course i n  s tat is t ics i s  t h e  natura l  place t o  
learn t o  use t h e  computer in stat ist ical  problems. 

A n  important impulse t o  t h e  in t roduct ion  o f  computer use on t h e  basic 
course was t h e  avai labi l i ty  o f  t h e  stat is t ica l  data processing system 
SURVOI71. Th is  was developed i n  t h e  Computer Cent re  o f  t h e  U n i v e r -  
s i ty .  In 1981 SURV0171 was implemented on a DEC 2060, which r e -  
placed t h e  o ld  Honeywelt system. T h e  new system has about  100 l ines fo r  
t ime-sharing terminals. T h e  main feature of SURVOI71 is  t h a t  it is  
extremely simple t o  learn and use, and t h a t  t h e  students can use it i n t e r -  
act ively. 

SURVOI71 is  used i n  s tudy ing  empirical stat ist ical  problems on t h e  basic 
course i n  stat ist ics in t h e  Un ive rs i t y  of Tampere i n  such a way t h a t  e v e r y  
s tudent  solves some o f  t h e  weekly exercises w i t h  t h e  a id o f  t h e  computer 
and us ing t h e  system. These exercises are  connected w i t h  a real  data ma- 
t r i x  f rom a pract ica l  research problem. T h e  data, on t h e  o ther  hand, have 
been collected and stored in t h e  memory of t h e  computer d u r i n g  those 
years t h e  computer has been used extensively in teaching. Students have 
also t o  collect t h e i r  own data sets. It is  qu i te  essential t h a t  t h e  data sets 
t o  be studied should be as in teres t ing  as possible. On t h e  o ther  hand, t h e  
data can well be messy, t h u s  g i v i n g  a taste o f  real data analysis. 

In using t h e  computer i n  cer ta in weekly exercises t h e  aim is  t h a t  t h e  real  
si tuat ion be imitated as closely as possible. For  t h i s  reason these exercises 
are def ined ra the r  loosely, especially i n  la ter  stages o f  t h e  course. We 
know t h a t  in t h e  real wor ld  t h e  problems are no t  a t  al l  clear and f o r  t h i s  
reason it is  a good pol icy t o  make students acquainted w i t h  problems which 
also on def in i t ion look l i ke  real problems. It seems that,  especially i n  t h e  
beginning, many students feel confusion when t h e y  are g iven a loosely de-  
f i n e d  problem which demands a greater  independence than  f o r  example t h e  
precisely def ined and clear problems o f  mathematics t h e y  have been accus- 
tomed t o  handle i n  school. 

On computers and SURVOI71 t h e  students fol low t w o  lectures each of 
two  hours. A f te r  each o f  these two  lectures e v e r y  s tudent  has a super -  
v ised terminal exercise o f  one hour .  For terminal and also o ther  exercises 
t h e  students are d i v ided  in to  about  t e n  groups.  A f t e r  these lectures and 
terminal exercises, which take  place a t  t h e  v e r y  beg inn ing o f  t h e  course, 
t h e y  use t h e  terminals i n  t h e  Un ive rs i t y  independent ly  in t h e i r  exercises. 

Note t h a t  there  must  be two  k inds  o f  computer exercises: F i r s t  those w i t h  
o n l y  a few observat ions so t h a t  resu l ts  calculated manual ly can he com- 
pared w i t h  t h e  o u t p u t  o f  t h e  computer, and secondly those concerning e x -  
tensive real- l i fe data. 

A t  t h i s  po in t  it must  be said t h a t  t h e  pract ica l  problems described above 
fo rm on ly  a p a r t  o f  t h e  exercises done by students.  T h e y  must  also solve 
more t radi t ional  exercises weekly. Among these exercises the re  are  also 
problems t h a t  teach students t o  make calculations by hand. 
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Then some words about KONSTA. As was already mentioned in the intro- 
ductory section, KONSTA is an interactive computer system used mainly to 
illustrate basic concepts of statistics. The system is a collection of separate 
programs which are closely interconnected. The programs of KONSTA can 
be divided into four parts as follows: 

Generation of samples from desired populations and calculation of relevant 
statistics. 

0 Generation of observations from certain models such as standard linear 
model, time series, random walks, etc. 

KONSTA offers flexible possibilities to study the behaviour of various 
statistics when adding or removing observations. For example. one can 
generate pairs (x,y) such that x and y are random digits and calculate 
the regression and correlation coefficients after adding each observation. 

For handling data matrices there are particular programs planned to be 
especially useful in dynamic interactive data analysis when one wants to 
get quickly a rough idea of data and any slights changes in them. 

5. Concluding Remarks 

Now it may be asked what the computer has brought to teaching. Briefly, 
the answer is: It has essentially helped in making our course a real 
statistics course. 

References 

Pukkila, T. (1978). The utilization of the computer in the teaching of sta- 
tistics at  elementary level. In COMPSTAT 1978, Proceedings in Computa- 
tional Statistics (pp. 422-428). Wien: Physica-Verlag. 

Pukkila, T. ,  & Puntanen, S. (1980). Computer usage on first statistics 
courses in the University of Tampere. I n  COMPSTAT 1980, Proceedings in 
Computational Statistics (pp. 145-1 51 ) . Wien : Physica-Verlag . 
Pukkila, T.,  Puntamen, S.,  & Stenman, 0. (1984). The use of KONSTA in 
the teaching of statistics. Department of Mathematical Sciences, University 
of Tampere Finland, Report A 125, 118 pp. 

ICOTS 2, 1986: Tarmo Pukkila and Simo Putanen


