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1 ntroduction 

Of all the major sciences it is computer science and statistics i n  which the 
need fo r  qualif ied personnel i n  government and indust ry  is possibly great-  
est. With respect t o  statistics, part icular ly in  indust ry  th is need i s -  not  
always translated into "demand". 

A recent paper b y  Baines (1984) refers t o  the growth in  the use of  statis- 
t ical methods by indust ry  i n  the past 30 years and the associated main 
t rends in  the practice, scope and methodology of  industrial statistics are 
identi f ied and discussed along with the  need for the development of  new 
and improved methodology i n  areas such as process control where com- 
puters are recording measurements of  several hundred variables every few 
seconds. 

Relevant t o  both the t ra in ing of students and involvement of academic Sta- 
t is t ics Departments wi th indust ry  is the following quotation from Baines: 

There is l i t t le doubt that the flow of industrial problems requiring 
new or improved statistical methodology will continue. In the future, 
industrial statisticians will have less effort available for methodology 
research, and there will be a growing need for more of this research 
to be done by academic statisticians. The pressure on academic Sta- 
tistics Departments to undertake more sponsored research, and the 
pressure on industry for more information and economic experimenta- 
tion and data analysis, should encourage the co-operation between 
industrial and academic statisticians for the required transfer of 
methodology research to take place. Thus i t  is expected that the 
trend of improving methodology available to the industrial statistician 
will continue, with an increasing participation of academic statisti- 
cians in the associated research. 

A major motivation fo r  the statistician t o  pursue the application of stat is- 
t ics in  indus t ry  is the new insight it often generates, and the need which 
often arises t o  appeal t o  deeper results in  mathematical statistics before 
simpler questions can be answered. From the academic department's point  
of  view the motivation for collaboration wi th indust ry  should be high. Pro- 
fessional development of staff involved with mathematical/statistical degree 
courses is necessary i n  a var iety of  forms, part icularly i n  an Inst i tute of 
Technology whose teaching programs aim fo r  a successful compromise ap- 
proach t o  the traditional sequence of  probabil i ty theory, sampling theory, 
data reduction, inference, special topics and techniques, and suitable r e -  
ference to  and practice with real world problems. 
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T h e  academic department must  maintain awareness o f  t h e  s t y le  and needs 
o f  i n d u s t r y  and associated developing techniques (eg. robotics), t h r o u g h  
contact, funded collaboration and consultancy work. It must  maintain sub -  
ject  expert ise and l iveliness t h r o u g h  or ig ina l  research and be a le r t  t o  new 
developments th rough  scholars hip a n d  contacts. For  t h e  stat is t ic ian t h e  
need fo r  in terd isc ip l inary  contact i s  especially important  and wide 
ranging.  

From t h e  i n d u s t r y  po in t  o f  v iew progress  i n  indust r ia l  research and devel- 
opment depends cruc ia l l y  o n  t h e  avai labi l i ty  o f  h i g h l y  t ra ined  ab i l i t y  and  
supp ly  o f  able minds. J.G. Sekhon (1985) in a s t u d y  o f  t h e  low incidence 
o f  mathematics PhD's in i n d u s t r y  i n  Austra l ia  comments: " the f u t u r e  o f  
Austra l ian i n d u s t r y  is  be ing d i r e c t l y  threatened by t h e  conjunct ion o f  t h e  
small number o f  PhD mathematics graduates and  t h e  exceedingly small num- 
b e r  t h a t  elect t o  enter  i ndus t ry " .  T h e  s t u d y  also h ighl ighted t h a t  research 
in i n d u s t r y  can be  v e r y  d i f f e r e n t  f rom research i n  an academic se t t ing  
w i t h  " the former character ised by team ef for t ,  time and f inancial  con- 
straints, and by projects which cannot  re f lec t  one's own interest .  T h e  lack 
o f  mathematical sophistication o r  genera l i ty  is  o f  no  major concern t o  i ndus -  
try, as long as mathematics enables t h e  problems o f  d i rec t  in teres t  t o  i n -  
d u s t r y  t o  be  solved economically and ef fect ive ly" .  

Recommendations ar is ing  f rom Sekhon's s t u d y  and in fac t  i n  t h e  process o f  
implementation a t  t h e  Western Austra l ian l ns t i t u te  o f  Technology are  tha t :  

- research topics should be jo in t l y  determined by academic and indust r ia l  
interests; 

- t h e  general pract ice o f  hav ing a single superv isor  should be  replaced 
w i t h  a panel o f  two o r  th ree  supervisors, d rawn f rom academic and indus-  
try; 

- w o r k  per formed i n  indust r ia l  laborator ies b e  accorded recognit ion f o r  
h igher  degrees; and 

- as an a l ternat ive t o  a single thesis, serious consideration should be g iven 
f o r  a series o f  papers descr ib ing  solut ions t o  problems o f  i n d u s t r y .  

T h e  s t u d y  also perceived a need fo r  an a l ternat ive model o f  doctorate edu-  
cation, ak in  t o  t h a t  prevalent  i n  t h e  USA, w i th  substant ial  t a u g h t  compon- 
ents and less emphasis on or ig ina l  enqu i r y .  

I ncreasinq Collaboration 

The  above re fers  t o  t h e  s u p p l y  and  avai labi l i ty  o f  su i tab ly  t ra ined g r a d u -  
ates f o r  i ndus t ry .  O f  perhaps equal importance is  t h e  vehicle f o r  d i rec t  
and ef fect ive collaboration between academic departments and i n d u s t r y .  A t  
t h e  Western Austral ian l ns t i t u te  o f  Technology (WAIT) f o r  example, staff 
in teract ion w i th  i n d u s t r y  is  used t o  st rengthen t h e  l inks  between stat is-  
t i ca l  t heo ry  and t h e  problems o f  i n d u s t r y  and is  fac i l i ta ted by t h e  formal 
ident i f icat ion o f  a consultat ive group,  t h e  Computing and Mathematical Sys-  
tems Group, w i th in  t h e  School o f  Mathematics and Computing and s tudent  
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involvement t h r o u g h  pro jects w i t h  i n d u s t r y .  T h e  g r o u p  was formed in 1981 
w i t h  t h e  assistance o f  f u n d i n g  f rom t h e  Ins t i t u te  f o r  purposes of encour -  
ag ing  and conduct ing cont rac t  research and development and consul tat ive 
w o r k  f o r  i ndus t ry .  The  g r o u p  has p rov ided  t h e  vehicle f o r  increased i n t e r -  
act ion between an academic department and indust ry ,  pa r t i cu la r l y  w i t h  r e -  
spect t o  responding t o  and unders tand ing t h e  stat ist ical  needs of i ndus -  
try. Examples o f  recent  major funded  col laborat ive w o r k  w i t h  i n d u s t r y  i n -  
c lude : 

(1) Robotics - measurement and pred ic t ion  o f  bone shapes f o r  automatic 
deboning o f  carcasses. 

(2 )  Mining - algori thm and software development fo r  optimal strategies f o r  
open pit mining, (Caccetta and Giannini, 1985). 

(3) Environmental - strategies f o r  reaf forestat ion of completed mine sites. 
Assessment and modell ing o f  physiological and meteorological fac tors  
associated w i th  t ransp i ra t ion  f o r  d i f f e r e n t  t ree  species; sampling s t ra te -  
gies, (Fox, 1986). 

(4) M i n i n g  - qua l i t y  assurance and cont ro l  associated w i t h  d i f ferences in 
ash content between successive da i l y  t r a i n  loads o f  coal, (Perriman, 
1985) . 

(5) Eng ineer ing  - stat ist ical  model development and analysis associated 
w i t h  factors in i t ia t ing  corros ion of steel re in forc ing  i n  concrete 
c ladding on h igh  r ise  bui ld ings.  A model based approach f o r  in ference 
concerning P[Y < X I  and forecast ing o f  f u t u r e  damage, (Perriman, 
1986) . 

(6) Imaqe Analysis - t e x t u r e  based detect ion o f  surface defects, (White, 
1986) . 

I n  Austra l ia  t h e  formation and ident i f icat ion o f  similar groups w i th in  a num- 
b e r  o f  academic departments i n  Univers i t ies and Ins t i tu tes  o f  Technology 
has been an effect ive vehicle fo r  increased par t ic ipat ion o f  academic stat is-  
t ic ians i n  re levant  research and development f o r  i n d u s t r y .  

Other  recent  in i t ia t ives i n  Austra l ia  f o r  increasing collaborative work  i n  
stat ist ics and mathematics between academe and i n d u s t r y  include 

- t h e  emergence o f  a Div is ion o f  App l ied  Mathematics o f  t h e  Austra l ian 
Mathematical Society w i t h  associated sc ient i f ic  journal, a regu lar  series o f  
meetings and a "D i rec tory  o f  Appl ied Mathematicians i n  Austral ia".  

- an annual meeting o f  "Mathematics- l n-  l n d u s t r y  S tudy  Group" i nvo lv ing  
t h e  b r i n g i n g  together o f  mathematics and i n d u s t r y  scient ists f o r  intense 
collaboration over  one week. 

- t h e  g rowth  o f  SIROMATH P t y  Ltd, t h e  mathematical consul t ing company 
o f  which CSlRO (Commonwealth Scient i f ic  and Indus t r i a l  Research Organ i -  
sation) is  a jo in t  shareholder. SIROMATH has enjoyed a spectacular 
g rowth  i n  stat ist ical  consul t ing w i t h  i n d u s t r y .  I n  addit ion indust r ia l  i n -  
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volvement i s  a high p r i o r i t y  considerat ion f o r  t h e  CSlRO in general and 
f o r  t h e  Division o f  Mathematics and Stat ist ics i n  par t icu lar .  

- A n  Austra l ian Government In i t i a t i ve  t h r o u g h  t h e  Department o f  I ndus t ry ,  
Technology and Commerce is  t h e  establishment o f  a nat ional Teaching 
Company Scheme. The  Scheme aims " to establ ish dynamic new p a r t n e r -  
ships between i n d u s t r y  and t e r t i a r y  ins t i tu t ions  t o  raise company p e r f o r -  
mance and at tune academic endeavour t o  t h e  modern indust r ia l  env i ron -  
ment". T e r t i a r y  ins t i tu t ion  s ta f f  con t r i bu te  t o  t h e  p lann ing and  d i rec t ion  
o f  an approved pro ject  w i t h  actual work  being undertaken by "teaching 
company associates" - high cal ibre graduates rec ru i ted  on 2 - 3 yea r  con-  
t rac ts  w i t h  f inancial  suppor t  o f  u p  t o  $15,000 p.a. p rov ided  t o  cover hal f  
t h e i r  sa lary costs, t h e  company pa r tne r  meeting t h e  remaining pro jec t  
costs. 

The Natu re  o f  Collaboration 

Perhaps t h e  single most important  sk i l l  an academic stat ist ical  consul tant  
has t o  o f fe r  i n d u s t r y  is t h e  ab i l i t y  t o  define t h e  precise problems t o  b e  
solved and t o  ex t rac t  s igni f icant  features f rom technical detai ls so t h a t  
t h e y  can be analysed and p u t  t o  pract ica l  use ie. t h e  ab i l i t y  t o  cons t ruc t  
mathematical o r  stochastic models o f  indust r ia l  processes so t h a t  t h e i r  f u -  
t u r e  course can be  predicted and controlled, and important  aspects o p t i -  
mized. 

I n  work ing  w i th  i n d u s t r y  t h e  academic stat ist ic ian may also f i n d  t h a t  t h e  
goals o f  appl ied problems may n o t  b e  as well def ined as those o f  a formal 
problem and it may of ten b e  more d i f f i cu l t  t o  decide when a solut ion has 
been reached. 

T h e  fo l lowing are some perceptions o f  indust ry 's  requirements i n  s tat is t ics : 

(1) I n d u s t r y  needs resul ts  fa i r l y  qu i ck l y .  It is no t  necessari ly looking f o r  
neat and analytical answers if numerical solutions can be obta ined more 
q u i c k l y  and cheaply. 

(2 )  Many large indust r ia l  organisat ions (at  least i n  Austra l ia)  s t i l l  p re fer  
t o  "contract  ou t "  f o r  t h e  conduct  o f  stat ist ical  based invest igat ion 
r a t h e r  than  maintain a fu l l - t ime stat ist ical  g roup.  

(3) Cl ients i n  i n d u s t r y  expect  - (a) a well set o u t  formal proposal w i t h  a 
c lear ly  def ined set o f  milestones t o  be achieved i n  a specif ic t ime scale, 
and (b) a consult ing fee on a p a r  w i t h  t h a t  expected f rom indus t r i a l  
consultants. Under -pr ic ing  y o u r  p r o d u c t  may be in terpre ted as a fa i l -  
u r e  t o  understand the  complexity o f  t h e  problem. 

(4) C l ien t  satisfaction and scient i f ic r i g o u r  are  compatible. 

(5) T h e r e  is  increasing scope f o r  Univers i t ies and Ins t i tu tes  o f  Technology 
t o  p rov ide  sho r t  courses f o r  bo th  stat ist ic ians and non- stat ist ic ians i n  
i n d u s t r y .  
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Impl ied Recommendations f o r  t h e  Teaching of Undergraduate Stat is t ics 

(1) Emphasis be placed on t h e  ro le o f  p robab i l i t y  models as models f o r  
data. 

(2) T h e  teaching o f  ef fect ive data analysis t h r o u g h  l ikel ihood inference b e  
based on an interact ive package such as GLIM. 

- (3) Survey  design, i n  pa r t i cu la r  sampling schemes, be  an in tegra l  p a r t  o f  
any  undergraduate stat ist ics course. 

(4) Greater  emphasis be  placed on d iscrete probab i l i t y  models in cont in -  
gency table analysis and f o r  general categorical and d iscrete data. 

(5) Pract ical examples be  based on real data, p re ferab ly  f rom consul tancy 
problems ra the r  than pub l ished data sets. The  background and  implica- 
t ion  o f  t h e  analysis associated w i t h  consultancy problems help make 
clear t h e  real cont r ibu t ion  t o  research o f  stat ist ical  modell ing and data 
analysis. 

(6) Students need t o  take f u l l  advantage o f  computing faci l i t ies in t h e i r  
course. 

(7) Care must  be  taken i n  an undergraduate course no t  t o  "over s tu f f "  
courses w i t h  a po t -pour r i  o f  stat ist ical  techniques, b u t  r a t h e r  c u l t i -  
vate a solid, model based foundat ion o f  stat ist ical  theory .  

(8) A u n i t  in mathematical modell ing is  a valuable adjunct  t o  t h e  education 
of mathematicians and stat ist ic ians f o r  bo th  model bu i l d ing  and apprec i -  
a t i ng  and  understanding f u r t h e r  t h e  relevance o f  mathematical and s ta-  
t i s t i ca l  t heo ry .  

(9) Desirable numerical procedures f o r  stat ist ical  analysis such as: spl ines 
and applications, optimisation and search algorithms, forecasting, r a n -  
dom number and synthet ic  var iate generation, graphics package s tan-  
dards  be  available t o  students o f  stat ist ics. Topics such as these are 
valuable when t h e  need arises t o  ex tend standard procedures. 

Mathematical education is  o f  course essential t o  t h e  development o f  a s ta t is -  
t ic ian.  As S i r  James L igh th i l l  (1975) says: "One t h i n g  t h a t  d is t inguishes 
mathematicians f rom nonmathematical users of mathematics is  t h a t  a mathe- 
matician knows what  a proof  means. A n d  t h a t  is  a great  weapon i n  one's 
armoury  in al l  sor ts  o f  pract ica l  uses o f  mathematics: if you  know when 
mathematical argument is  a deduct ion f rom t h e  assumptions, and you  know 
when it is j u s t  a bit o f  b r i l l i an t  guessing!" 
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