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1. Introduction 

Two fundamental questions are: 

What i s  stat ist ics? 

Why i s  it so important? 

There  are  so many possible answers - almost as many as there  are  s ta t is t i -  
cians. T o  some it i s  t h e  mathematics of uncertainty. If stat ist ical  p r o b -  
lems requ i re  in teres t ing  mathematical developments t h e y  are pa r t i cu la r l y  
reward ing.  B u t  I believe t h i s  a t t i tude misses t h e  real  point.  Stat ist ics is  a 
body  o f  knowledge and technique f o r  analys ing information gathered in a 
real- l i fe s i tuat ion o f  uncerta inty.  It i s  important  because it provides t h e  
means f o r  solv ing such real problems (whether i n  archaeology, i ndus -  
try, medicine o r  zoology). In m y  personal view, stemming f rom t h e  B r i t i s h  
t rad i t i on  o f  empiricism, th i s  emphasis is  t h e  beginning-and-the-end (if 
no t  t h e  whole) o f  t h e  importance o f  statistics, and I wi l l  be  descr ib ing  t h e  
implications o f  such a standpoint f o r  teaching stat ist ics. Such a real-l i fe 
problem-solving stimulus makes it i r re levan t  t o  try t o  isolate t h e  ro le  
o f  t h e  consul tant  stat ist ic ian - we must  al l  be  consultants i n  t h e  sense t h a t  
we see o u r  sk i l ls  as being designed t o  advise o ther  workers i n  d i f f e r e n t  
pract ica l  areas o f  invest igat ion. In do ing so, we wi l l  solve real problems, 
b u t  such problems wi l l  themselves be  t h e  source o f  research in to  new ideas 
and methods and t h e  raw material which we use i n  t ra in ing  and edu-  
ca t ing  others.  T h u s  we see, t ied  u p  together, t h e  role o f  t h e  stat ist ic ian 
as consultant, consultancy as t h e  st imulus f o r  research i n  statistics, and 
consul tancy as t h e  basis f o r  teaching stat ist ics. 

I must  re-assert  t h a t  t h i s  a t t i tude does not deny  t h e  importance o f  
mathematics: which is  essential f o r  unders tand ing and expressing stat is-  
t i cs .  Nei ther  does it deny t h e  relevance o f  specialists - t h e  medical s ta t is t i -  
cian, t h e  biometrician, t h e  agronomist al l  have important par t icu lar  f u n c -  
tions, b u t  t h e i r  basic roles are t h e  same: t o  solve stat ist ical  problems, 
communicate t h e i r  answers t o  non-statisticians, produce re levant  new meth-  
ods and t o  teach others t o  do l ikewise. T h e  professional (even mathemati- 
cal) s tat is t ic ian has j u s t  t h e  same role! I stressed th i s  theme o f  roo t ing  
stat ist ical  education i n  down-to-earth pract ica l  problems a t  t h e  previous 
session o f  ICOTS (Barnett, 1982). It is  f u r t h e r  emphasised and i l lus t ra ted 
elsewhere (Barnett ,  1986a and 1987, are specif ical ly concerned w i t h  stat is-  
t i ca l  consult ing, Barnett, 1986b, takes a broader view o f  t h e  stimulus o f  
pract ica l  problem-solving on t h e  development o f  stat ist ical  method, on 
basic research and on stat ist ical  t ra in ing ) .  
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2. Teaching Main-stream Stat is t ics a t  U n i v e r s i t y  

I n  an internat ional  ga ther ing  t h e  discussion o f  a n y  top ic  in stat ist ical  edu -  
cation is  d i f f icu l t  because o f  t h e  v a s t  di f ferences in t h e  scope, pa t te rn  and  
s ty le  i n  d i f ferent  countr ies. I hope t h a t  m y  comments are  t ransferable b u t  
1 have set  them in un ivers i ty - leve l  teaching o f  s tat is t ics on t h e  U.K. 
model. Even then  I am t a k i n g  an extreme v iew - o f  a Stat ist ics Department 
which of fers a f u l l  programme o f  professional t ra in ing  in stat is t ics a t  
honours level ove r  t h r e e  years, w i t h  more than  500 hours  o f  class contact  
i n  stat ist ics. I assume t h a t  appropr ia te  mathematical teaching is  also p r o -  
vided, and t h a t  t h e  department i s  p lay ing  a wide-ranging suppor t  ro le 
th roughou t  t h e  ins t i tu t ion  in service-teaching and research advice t o  many 
discipl ines. T h i s  broader role, as wel l  as ex terna l  consutt ing work, p r o -  
vides a r i c h  environment f o r  t h e  pr ime ro le o f  educating t h e  stat ist ical  
specialist. Whilst specif ic proposals assume t h i s  intense coverage, t h e  
general p r inc ip les  are  universal :  app ly ing  t o  even t h e  20 lecture i n t r o -  
d u c t o r y  course f o r  Social Scient ists!  

T h e  programme o f  teaching I have in mind consists o f  a f i r s t  year  mix  w i t h  
about  one- th i rd  stat ist ics and two- th i rds  mathematics, t hen  more than  hal f  
t h e  time i n  t h e  second year, and most of t h e  third year, devoted t o  stat is-  
t ics.  I n t roduc to ry  pr inc ip les  and methods f low in to  more detailed methodo- 
logical and conceptual development and  ex tend in t h e  f ina l  stage (w i th  a 
degree o f  choice) i n to  more fundamental and deeper s t u d y  (e.9. o f  i n f e r -  
ence, p robab i l i t y  modelling), specif ic methodology (e. g. design o f  exper i  - 
ments, mul t ivar iate analysis, general ised l inear models, spatial methods, 
etc.)  and d iverse f ie lds o f  appl icat ion (e.9. for indust ry ,  medicine, e tc . ) .  
T h e  pract ica l  approach requ i res  a t  a l l  levels copious i l lust rat ions and 
pract ice sessions us ing  real - l i fe  data-based problems f rom assorted areas 
o f  s tudy .  Regular pract ica l  work  may s t a r t  w i t h  i n tu i t i ve  emphasis and 
proceed t h r o u g h  pred ic tab i l i t y :  ( the  s tudent  has j u s t  heard o f  l inear r e -  
gression and sure  enough t h e  n e x t  pract ica l  exercise happens t o  requ i re  
use o f  t h i s  technique). B u t  i n  la ter  stages t h e  pract ica l  work  rapidly (and 
crucia l ly)  becomes less obv ious ly  re lated t o  c u r r e n t  lecture content  u n t i l  a 
stage is  reached where no obvious method is  indicated o r  even re levant  
and general sc ient i f ic  sk i l ls  and v is ion  become paramount. Anderson and 
Loynes (1986) w i l l  be  deta i l ing j u s t  what  is  implied by t h i s  approach. A n  
increasing emphasis is  placed on repor t -wr i t ing ,  o ra l  presentation, subs id-  
i a r y  investigation, s t r i c t  deadlines, p roper  val idat ion and sophist icated 
computer usage (al though care i s  needed on t h i s  la t te r  top ic  t o  steer t h e  
s tudent  away f rom t h e  undesirable t r e n d  t o  p lug- in  indiscr iminant ly  t o  
some general purpose, and  of ten i r re levant ,  computer package). 

Such a programme places heavy demands on t h e  s tudent  b u t  even heavier 
demands on t h e  teacher. To ef fec t ive ly  communicate stat ist ics a t  un i ve rs i t y  
level, t h e  lec turer  must  be able t o  base h is  teaching on real, solid, prac- 
t ica l  experience. For  most t h i s  means t h a t  a consul t ing role is  cruc ia l  and 
we shall explore t h i s  in some detai l .  
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3. Stat ist ical  Consu l t ing  

Many un ive rs i t y  s ta f f  have come in to  stat is t ics a t  an ear ly  age on t h e  t r a d i -  
t ional  pa t te rn  o f  a f i r s t  degree in mathematics followed by a doctorate in, 
say, two-dimensional random walks : h a r d l y  an encouraging basis f o r  teach - 
ing stat ist ics f rom a real is t ic  pract ica l  s tandpoint  rooted i n  genuine e x p e r i -  
ence! No wonder formal approaches preva i l .  T h e  minimisation o f  pract ica l  
emphasis i s  more of ten rooted in personal unce r ta in t y  and lack o f  contact, 
t han  on conviction. 

I n  a rev iew paper in 1976 (Barnett ,  1976) 1 examined t h i s  ub iqu i tous  r o l e  
o f  t h e  statistician: 

. . . the statistician must be a translator and communicator: he 
needs to understand enough of other people's disciplines to  appreci- 
ate their problems. He must express these in statistical terms, . . . 
and, most important, communicate answers in an understandable 
way. So i t  would seem that he has a somewhat wider brief than many 
- as a mathematicianlstatistician, a computer, a lay philologist (phy- 
sician, nuclear physicist, you name i t )  and not least a communicator 
(this latter facility is not usually regarded as the stock in trade of 
the scientist). All in all he needs to be master of his own statistical 
trade, but Jack of many others. 

B u t  where is  t h i s  experience t o  come from? T h e  stimulus o f  personal r e -  
search on teaching is  cruc ia l  - f o r  f reshness and immediacy. c o n s u l t i n g  
experience feeds research which i n  t u r n  inf luences teaching content  and 
sty le.  Consul t ing as a basis f o r  research has been elaborated recent ly  
(Barnett ,  1986a and 1987). Here 1 concentrate on t h e  consult ing/teaching 
relat ionship specif ically. 

4. Implications of Consultancy for Teach ing  

There  has been a remarkable t r e n d  in recent  years  f o r  stat ist ics depar t -  
ments t o  become more involved w i t h  o ther  discipl ines w i th in  t h e  organisa-  
t ion, and w i th  commercial o r  research organisat ions outside. Th is  ref lects 
a changing a t t i tude t o  t h e  ro le o f  u n i v e r s i t y  stat ist ics in t h e  serv ice of 
others.  We f i n d  th i s  expressed t h r o u g h  so-called Stat ist ics Ins t i tu tes  o r  
Stat ist ical  Adv iso ry  Services. I t 's a harsh w i n d  t h a t  blows nobody a n y  
good! The  present  ch i l l  f inancial  climate in univers i t ies th roughou t  much o f  
t h e  wor ld  is  f u r t h e r  st imulat ing t h i s  movement. Departments are o f f e r i n g  
consultancy services ( l ike t h e  Shef f ie ld Stat ist ical  Services Uni t )  p a r t l y  as 
a means o f  maintaining financial solvency. So how does t h e  consul t ing help 
teaching? I n  many ways which benef i t  bo th  teacher and student:  

T h e  teacher w i t h  consul t ing experience 

i) b r ings  pract ica l  immediacy t o  teaching s ty le  and content; 

ii) readi ly  f i nds  compelling real- l i fe material  t o  i l lus t ra te  h is  lectures and 
t o  fue l  pract ica l  and pro ject  sessions. 
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The student i n  a consulting environment 

i) sees f irst-hand the way in  which professional statisticians solve real 
problems; 

ii) can begin to  experience the consulting role personally. 

This latter advantage can be acquired i n  various ways - from attendance 
as an observer at  "clinic sessions", to  minor involvement as an assistant on 
actual consultations to  simulated experience of more detailed work in  the 
formal course material. 

5. An I l lustrative Example 

Unfortunately space allows only one example to  be br ie f ly  considered. I 
shall use one of the simulated-coursework style, and set at the upper end 
of the spectrum of di f f icul ty and skill. 

I n  a final year data-based practical course the students are divided into 
groups of 2 to 3 and required to  indulge i n  "role-reversal". They are the 
"consultants" and receive i n  their office (the lecturer's room) a client with 
a problem (the "client" is  one of the lecturing staff). They have a l l  the 
real-life difficulties of extracting from the (possibly not too well-organised) 
client what they need to  know t o  formulate and validate a model, and t o  
perform an appropriate analysis. They need t o  seek t o  understand the 
background of the problem ("how was the protein level measured?"; "is it 
medical experience that the levels i n  the blood are more reproducible than 
those in the urine?" - and so on). They need t o  extract data: as hard to  
extract as a tooth sometimes ("do you not have the original data rather 
than this scatter plot?" "why cannot we have the ages and weights as 
well?"). Clients may have to  be called back to  clar i fy or  elaborate issues, 
o r  t o  give more data, at various stages of initial scrut iny or  formal analy- 
sis. A t  the end, a detailed (but readable) report must be written and per -  
haps an oral presentation offered (with appropriate visual aid support). A 
typical basis for  this type of approach is the material described in Barnett 
(1 969) . 
This type of interactive consulting-based teaching is informative and 
stimulating both i n  developing technical skil ls and i n  fostering interperson- 
al communication characteristics. It is a highly rewarding act iv i ty fo r  s tu-  
dent and lecturer alike. 
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