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T h e  teaching o f  p robab i l i t y  and stat is t ics t o  non-mathematically t ra ined  indi- 
v idua ls  i s  important  i n  secondary schools, as well as a t  a l a t te r  stage in 
engineering, economics, social sciences, medicine, ag r i cu l tu re  and  f ishing, 
market  and opinion research, insurance, finance, b iometry and  demog- 
raphy .  

Since 1978, such teaching has been o f  in teres t  t o  me as Professor o f  Stat is-  
t i cs  a t  t h e  I S T  o f  t h e  Technological Un ive rs i t y  o f  Lisbon. Le t  me try to 
out l ine  t h e  means which I believe are  requ i red  t o  develop and implement 
appropr ia te  programs t o  teach p robab i l i t y  and stat ist ics i n  these areas. 

In Portugal, t he re  i s  a shortage o f  stat ist ical  experts, and l imited f inancial  
resources so t h a t  bo th  must  be  e f f i c ien t ly  used. There  is  also t h e  more 
basic problem o f  educators' at t i tudes towards t h e  teaching o f  p robab i l i t y  
and  stat is t ics.  In most Portuguese univers i t ies such teaching i s  re la t ive ly  
recent, less than  twen ty  years old. Probabi l i ty  and stat ist ics as autono- 
mous discipl ines are  s t i l l  no t  general ly  accepted i n  o u r  count ry ,  as is  
c lear ly  revealed by t h e  fo l lowing facts. 1) Most engineer ing schools have 
o n l y  t w o  semesters o f  p robab i l i t y  and stat ist ics i n  the i r  degree cu r r i cu la  
( f i ve  years  program) For instance, t h e  I S T  provides on ly  one semester o f  
p robab i l i t y  and  stat ist ics a l l  together .  2) In t h e  Portuguese National Stat is- 
t i ca l  Inst i tu te,  l i t t l e  o r  no  stat ist ical  research is being ca r r i ed  out .  3) T h e  
g r e a t  major i ty  o f  o u r  secondary school teachers o f  mathematics have had 
j u s t  one course i n  probabi l i ty ,  and o n l y  v e r y  few have followed a course in 
stat is t ics f o r  t h e i r  mathematics degree a t  t h e  Un ivers i ty .  

What t h i s  indicates is  t h a t  t h e  task  of teaching probab i l i t y  and stat ist ics i n  
t h e  areas mentioned above wi l l  r e q u i r e  a v e r y  carefu l  approach. Th is  w i l l  
r e q u i r e  a long time t o  implement, because we shall have t o  s t a r t  f rom t h e  
beginning, namely w i t h  t h e  t r a i n i n g  o f  qual i f ied facu l ty  t o  teach these sub-  
jects. L u c k i l y  we have already made a start ;  in t h e  last  decade t h e  number 
o f  qua l i f ied  stat ist ic ians (w i th  an 'M.Sc. o r  Ph.D. degree in stat ist ics o r  
even a f i r s t  degree i n  stat ist ics f rom Portugal o r  abroad) has increased 
many times over .  A n  educated guess, based on t h e  l i s t  o f  Portuguese and  
Brasi l ian stat ist ic ians t h a t  I publ ished in 1981, s t i l l  tel ls me t h a t  in t h e  
whole o f  Portugal, t he re  are p robab ly  fewer than  fifty stat ist ic ians. T h i s  
number i s  c lear ly  no t  enough even t o  s ta f f  t h e  facu l t y  needs a t  t h e  u n i v e r -  
s i t y  level. 
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In t h e  ar t i c le  Ramalhoto (1985) 1 concentrated main ly  on  t h e  teaching o f  
p robab i l i t y  and  stat ist ics in secondary schools. I gave an overv iew o f  t h e  
s i tuat ion concerning stat ist ical  concepts taught,  preparat ion o f  teachers 
and  proposed action t o  be  taken t o  improve t h e  qua l i t y  o f  teaching. U p  t o  
a po in t  I consider t h e  teaching o f  p robab i l i t y  and stat is t ics i n  secondary 
schools as a paradigm o f  t h e  problems t h a t  have t o  be  faced in t h e  o the r  
areas l is ted above. However t h e y  also have t h e i r  own specif ic problems and 
d o  no t  requ i re  t h e  involvement o f  as many indiv iduals as t h e  teaching o f  
p robab i l i t y  and stat ist ics i n  secondary schools. T h a t  i s  one o f  t h e  reasons 
w h y  t h e y  might  progress more rap id ly .  In fact, as f a r  as I know, it i s  f a i r  
t o  say t h a t  in Portugal  no progress has been made i n  t h e  teaching o f  p r o -  
bab i l i t y  and stat is t ics i n  secondary schools b u t  t h e  same i s  no t  t r u e  i n  t h e  
case o f  o ther  areas, as f o r  instance engineering. 

In what  follows I shall concentrate on t h e  teaching o f  p robab i l i t y  and sta-  
t i s t i cs  a t  t h e  Department o f  Mathematics o f  t h e  IST .  

2. Probability and Statistics a t  I S T  

L e t  me in t roduce some general information on t h e  I S T  and on t h e  Depar t -  
ment o f  Mathematics i tsel f .  T h e  I S T  has more than  s ix  thousand students 
and more than  100 f u l l  and associate professors. Most o f  i t s  professors are  
Ph. D.s f rom leading univers i t ies i n  U.S.A., England, Germany and 
France. The  Ins t i t u te  u n t i l  t h e  v e r y  ea r l y  eight ies p rov ided  j u s t  u n d e r -  
graduate and Ph. D. degrees in civi l, electrical, mechanical, chemical and 
min ing  engineering. A f te r  1981 it s tar ted  p r o v i d i n g  (post-graduate) M.Sc. 
degrees i n  var ious branches o f  engineer ing and now provides also under -  
g raduate  and M.Sc. degrees in physics and appl ied mathematics. 

2.1. T h e  Department o f  Mathematics 

T h e  Department o f  Mathematics has th ree  Sections: Algebra and Analysis; 
Stat ist ics and Applications; Appl ied Mathematics and Computation. T h e  se- 
cond is  the  smallest o f  all. The  Department has res t r i c ted  i t s  act iv i ty ,  a l -  
most completely, t o  o f fe r ing  basic mathematics courses t o  majors on e n -  
g ineer ing.  I n  fact, just, recently,  t h e  Department has been able t o  d i v e r -  
s i f y  i t s  act iv i t ies by creat ing an undergraduate degree i n  appl ied mathe- 
matics and computation an M.Sc. degree on appl ied mathematics and also 
by o f fe r i ng  graduate courses on mathematics and stat ist ics t o  majors on 
engineer ing (M. Sc. degrees). 

In what  follows I shall concentrate mainly on  t h e  teaching o f  p robab i l i t y  
and statistics, which is t h e  subject o f  t h i s  ar t ic le.  

2.2.  T h e  Teaching o f  Probabi l i ty  and Stat ist ics 

T h e  d i f f i cu l t ies  t o  r e c r u i t  t h e  right facu l t y  staff and t o  make them t o  work  
w i t h  us towards a Ph.D. degree i n  p robab i l i t y  and stat ist ics has been 
enormously. Some o f  t he  main reasons are: i) t h e  univers i t ies i n  t h e  
c o u n t r y  w i t h  appl ied mathematics don't generate enough s ta f f  even f o r  
themselves; ii) most o f  t h e  junior  s ta f f  available, acceptable t o  us, are 
engineer ing graduates f rom t h e  IST, who on average work  f o r  t h e  Depar t -  
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ment o f  Mathematics j u s t  u n t i l  t h e y  are able t o  g e t  a posit ion in t h e i r  own 
Engineer ing Department. Possibly another reason i s  t h a t  till 1982 t h e  De- 
par tment  of Mathematics o f fe red j u s t  one-semester basic course on proba-  
bility and statistics, compulsory t o  a l l  undergraduate engineer ing degrees 
of t h e  IST.  T h i s  course is  located a t  t h e  second year  o f  t h e  f i v e  years de-  
gree, and has an attendance o f  about  f o u r  hundred  students p e r  semester. 

I n  1982 we s tar ted  p rov id ing  graduate stat ist ics courses t o  majors on en-  
g ineer ing  which have been extremely important  t o  us. T h e  value of proba- 
b i l i s t i c  and stat ist ical  ideas and methods t o  t h e  Engineers seems t o  become 
b e t t e r  understood and jo in t  teaching and research groups now look easier 
t o  organize. For instance, t h e  creat ion o f  opt ional courses in probab i l i t y  
and stat ist ics t o  majors on engineer ing t o  be  o f fe red t o  f o u r t h  and  fifth 
year  s tudents seems t o  be more real is t ic  now a f te r  hav ing establ ished these 
l i nks  w i t h  t h e  o ther  Departments a t  t h e  post-graduate level. 

I n  1983 t h e  Department o f  Mathematics in i t ia ted  i t s  two  years M. Sc. degree 
on appl ied mathematics w i th  th ree  areas o f  concentration: analysis, p roba-  
bility and stat is t ics and numerical analysis. T o  o u r  mind th i s  would b e  a 
v e r y  important  s tep towards a h igher  level o f  teaching, t h e  reinforcement 
of t h e  research capabil i t ies o f  o u r  Department, and above al l  it would 
r a p i d l y  improve t h e  qua l i t y  o f  o u r  jun ior  s taf f .  T h i s  degree has been on 
f o r  about  th ree  years and we are  s t i l l  learn ing how t o  ad jus t  i t s  courses in 
a way t h a t  a l l  t h e  th ree  Sections o f  t h e  Department may benef i t  f rom it. 

T h e  main hopes now are  on t h e  f i v e  years undergraduate degree on appl ied 
mathematics and computation (which i s  t h e  resu l t  o f  a couple o f  years  o f  
h a r d  w o r k  f rom some colleagues o f  mine). We have j u s t  s ta r ted  t h i s  degree 
w i t h  'a  class o f  thirty selected students. Th is  degree has th ree concentra-  
t ions:  appl ied analysis, computation, p robab i l i t y  and stat ist ics. T h e  
courses prov ided on probab i l i t y  and stat ist ics are: i) compulsory t o  al l  
concentrat ions - in t roduct ion  t o  probab i l i t y  and stat ist ics (2nd semester); 
p robab i l i t y  ( 3 r d  semester) ; stat ist ics (4th semester) : ii) compulsory t o  
probab i l i t y  and stat ist ics - stat ist ical  inference (5th semester); compution- 
al  stat ist ics (5th semester) ; decision theo ry  (6th semester) ; stochast ic 
process I (7th semester); t ime series (8th semester); stochastic process I I 
(9th semester); sampling (10th semester). T h e  main object ive o f  t h i s  de-  
gree is  t o  supp ly  stat ist ic ians and appl ied mathematicians w i th  sk i l l s  and 
experiences t h a t  inc lude a large spectrum o f  mathematical, probabi l is t ic .  
statistical, and computational knowledge, pract ica l  problem solv ing and 
consu l t ing  pract ice.  Some o f  these new courses on probab i l i t y  and s ta t is -  
t i cs  ( the  tota l  program o r  p a r t  o f  it) wi l l  be  used also t o  create opt ional 
courses i n  appl ied probab i l i t y  and stat ist ics t o  majors on engineering. 

2 .3  T h e  Other  Departments 

1 share t h e  v iew t h a t  stat ist ic ians and scientists/technologists w i l l  f i n d  
more i n  common t o  t h e  advantage o f  both, if t h e i r  education can be  more 
closely l inked.  T o  m y  mind t h e  I S T  o f fe rs  t h e  ideal environment t o  make it 
come t r u e .  From m y  own experience, w i t h  post-graduate courses, I bel ieve 
t h a t  t h e  creat ion o f  jo in t  teaching and research pro jects are t h e  best  way 
t o  make it work .  Personally, I would v e r y  much welcome, f o r  instance, a 
jo in t  research o r  teaching project, i n  collaboration w i t h  any  o the r  E n -  
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g ineer ing  Department, concerning stat ist ical  aspects o f  queueing t h e o r y  
(appl ied stochast ic processes specially queuing theo ry  has been m y  main 
areas o f  research) o r  some aspects o f  t ime series analysis, re l iabi l i ty ,  etc. 
Another  in teres t ing  area o f  inter-departmental collaboration (ar t i f ic ia l -  
intel l igence community and stat is t ics community) could be  i n  t h e  develop- 
ment o f  stat ist ical  computer software i n  t h e  "exper t  systems" direction, t h e  
so cal led th i rd-generat ion software, which accident ly is  beg inn ing t o  
emerge, see Gale (1985). 

2.4. l n d u s t r y  

It would be  o f  some importance t o  t h e  Department o f  Mathematics t o  estab-  
l i sh  i ndus t r i a l  connections. The  most important  response would be  t h a t  t h e  
department  sponsors Mathematics- in-Industry s t u d y  groups.  As I see it 
some o f  t h e  general goals f o r  these s t u d y  groups would be: 

- T o  convince l n d u s t r y  o f  t h e  mer i ts  of collaboration between Mathematics 
and Indus t ry ;  

- T o  st imulate greater  awareness i n  Portuguese l n d u s t r y  o f  t h e  needs f o r  a 
ro le o f  Mathematics; 

- T o  p rov ide  a f r e s h  source o f  research problems and educational material 
f o r  mathematicians: 

- T o  lead t o  be t te r  employment prospects fo r  mathematics graduates; 

- T o  ad jus t  some o f  t h e  undergraduate and t h e  postgraduate courses t o  t h e  
needs o f  I ndus t ry ;  

- T o  assist industr ies w i t h  problems requ i r i ng  mathematical i n p u t  and 
analysis; 

- T o  prepare  a workshop on t h e  issue "Prepar ing Statisticians and Appl ied 
Mathematicians f o r  Careers i n  l n d u s t r y  - What Can Univers i ty  and I n -  
d u s t r y  Do Cooperat ively t o  Develop Appropr ia te  Programs? 

- T o  ho ld  "Career Days" a t  t h e  I S T  w i t h  i nv i ted  members f rom l n d u s t r y  
( th is  could be a jo in t  adventure  o f  t h e  whole Technological Un ive rs i t y  o f  
Lisbon) ; 

- T o  develop i n d u s t r y  in ternsh ip  programs; 

- T o  p rov ide  a "Careers i n  Indust r ia l  Stat ist ics and Appl ied Mathematics," 
brochures.  

I think t h a t  it is  f a i r  t o  say t h a t  most o f  those s tudy  groups would be  
faced w i t h  work  which la rge ly  requ i res  t h e  techniques based on tho rough  
unders tand ing o f  data ra the r  than  t h e  development o f  new methodology. 
For sure, in most cases, t h e  stat ist ical  ro le a t  a specif ic f i r m  is one o f  con- 
t i nua l  involvement i n  t h e  design o f  experiments and collection and analysis 
o f  data ra the r  than  t h e  occasional v i s i t s  t o  tackle a specif ic problem w i t h  
in teres t ing  mathematical and stat ist ical  content. B u t  o f  course, if the re  i s  
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no research reward attach t o  it there was already a financial reward i n  the 
f i r s t  place and probably a "case study" which latter on might be 
incorporated i n  some lecture notes. 

B y  the way , it is perhaps worthwhile notice that, a popular realization 
tha t  Portuguese product qual i ty and product iv i ty are crucial for a fairer 
Portuguese position in the European Community presents an opportunity 
for the Portuguese statistical community t o  make stronger contributions t o  
sound industr ia l  practice than it has i n  the past. Therefore an example of 
a possible act iv i ty of one of  these study groups could be to  set up courses 
i n  modules of e ight o r  ten hours each on, fo r  instance, statistical quality 
control, design of  experiments, graphical data analysis, statistical corn- 
puter  packages, statistical decision theory, l i fe d a t a  analysis, opened to  
anybody in  indust ry  and well adjusted t o  i ts needs. 
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