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Introduction 

Due t o  s t rong  world-wide competit ion i n  t h e  market  place today, h igh  qua l -  
ity and rel iable products  have become t h e  paramount concern f o r  al l  o f  in- 
d u s t r y .  T o  meet t h i s  challenge, qua l i t y  cont ro l  and re l iab i l i t y  analysis 
techniques are  increasing i n  demand and t h e  need for  be t te r  t ra ined em- 
ployees i n  stat ist ical  data analysis t o  obta in quant i ta t ive and qual i ta t ive 
information is cr i t ica l .  

The  increasing development o f  t h e  e f fec t ive  use o f  stat ist ical  qua l i t y  cont ro l  
and re l iab i l i t y  analysis i n  t h e  U.S. automotive i n d u s t r y  i n  t h e  last few 
years necessitates s igni f icant  in -p lan t  stat ist ical  t ra in ing  o f  l ine workers, 
engineers, and managers (see reference 1). A def ic iency o f  s igni f icant  
t r a i n i n g  in basic s tat is t ics o f  t h e  employees o f  t h e  U.S. automotive i n d u s t r y  
i n  t h e  past  has proven t o  be a stumbl ing b lock f o r  t h e  r a p i d  and e f f i c ien t  
implementation of re l iab i l i t y  and stat ist ical  qua l i t y  contro l  methods. We di - 
scuss " c u r r e n t  approaches" be ing used t o  increase t h e  level o f  stat ist ical  
unders tand ing by l ine workers, engineers, and managers. The  problems 
invo lved w i t h  t h i s  " re- t ra in ing"  v a r y .  Attempts t o  overcome these problems 
are out l ined and discussed. 

Production Workers 

Histor ical ly,  product ion workers  were concerned on ly  w i t h  produc ing un i t s  
and/or maintaining t h e  processes. I n  t h e  last  several years, however, t h e  
qua l i t y  o f  t h e  un i ts  produced has p layed an increasing role i n  t h e  per form- 
ance o f  employees. T h e  h o u r l y  workers  feel threatened by th i s  new "game" 
and t h e y  rea l ly  don't unders tand t h e  ru les.  T h e  greater  emphasis on num- 
bers  and us ing t h e  data t o  make decisions has caused t h e  "typical" worker  
t o  think t h a t  someone w i l l  f i r e  them f o r  no apparent  reason. 

T h e  t yp i ca l  educational background of most h o u r l y  employees is  a h i g h  
school diploma received 15-20 years ago. T h e i r  mathematical ab i l i t y  i s  
usual ly  l imited t o  t h e  f o u r  basic ar i thmetic funct ions.  T o  have an employee 
solve an algebraic equation, f o r  example, is  extremely d i f f i cu l t .  The sym- 
bols and notat ion are fo re ign  t o  most h o u r l y  workers.  As a result ,  mathe- 
matical anx ie ty  must be overcome before any  progress i n  stat ist ical  t r a i n  - 
i n g  can be made. I n  addit ion, t h e  workers  should be  competent w i th  a ba -  
sic calculator.  The  calculator should use algebraic notation and have t h e  
capabi l i ty  t o  per form some stat ist ical  funct ions. Once t h e  workers have 
developed t h e  ab i l i t y  t o  use t h e  calculator w i t h  t h e  f o u r  basic ar i thmetic 
funct ions and have cu l t i va ted a modest unders tand ing o f  algebra, t h e y  can 
proceed w i t h  addressing stat ist ics and qua l i t y  contro l  problems. 
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A pr inc ip le  stat ist ical  concept t h a t  should be  in t roduced i s  t h e  idea o f  v a r i -  
ation. A method o f  accomplishing t h i s  task  is  t o  e i ther  have t h e  employees 
record  t h e  t rave l  t ime t o  work  o r  have t h e  employees measure p a r t s  t h a t  
were produced. T h e  data used t o  i l l us t ra te  var iat ion must  be  data f rom a 
da i ly  experience. If t h e  employees cannot  relate t o  t h e  data, t h e y  w i l l  no t  
have a good understanding o f  var iat ion.  Some data collection can b e  accom- 
p l ished in t h e  classroom, b u t  t h e  worke rs  must  be  g iven addit ional data 
collection tasks. Ideal ly  these tasks  should be ind iv idua l ly  selected. T h i s  
w i l l  faci l i tate ge t t i ng  t h e  worke r  t o  t h i n k  about  problems and about  t h e  data 
which are necessary t o  solve them. 

Once data have been collected, ways of p resent ing  t h a t  data i n  summary 
fo rm can be  discussed and presented. Var ious exercises i n  cons t ruc t i ng  
histograms should be  ut i l ized ( inc lud ing histograms o f  al l  data t h e y  have 
collected) . 
Workers also need an awareness of basic stat ist ical  calculations re f l ec t i ng  
bo th  variat ions and centra l  tendency.  T h e  sample mean, median, and mode 
are numerical measures which a re  fundamental ref lect ions o f  cent ra l  t e n -  
dency. A clear understanding o f  a co r rec t  in terpre ta t ion  f o r  each o f  these 
measures is  imperative. T h e  sample range and standard deviat ion are  t w o  
measures o f  var iat ion w i t h  which t h e  l ine worke r  needs t o  be famil iar.  T h e  
sample standard deviat ion must  be  i l l us t ra ted  f o r  a small sample size ( n  = 5) 
w i t h  each step i n  t h e  process demonstrated separately. The  d i f fe rence be -  
tween t h e  sample and t h e  populat ion needs t o  be  emphasized th roughou t  
t h e  presentat ion o f  these numerical measures. T h e  technique o f  cont ro l  
char t ing  and t h e  determination o f  t h e  l imits can conclude t h e  t ra in ing .  

If product ion workers have an unders tand ing o f  histograms, means, var ia -  
t ion, and p lots o f  data over  time, t h e y  w i l l  make an honest e f f o r t  t o  im- 
prove t h e  qua l i ty  o f  p roducts .  T h e  employees have a wealth o f  knowledge 
in terms o f  problem solv ing and a method o f  t app ing  t h a t  knowledge should 
be  found. 

Engineers 

Most p rac t ic ing  engineers have earned a technical degree w i th  l i t t l e  t r a i n i n g  
i n  statistics. They  have t h e  capabi l i ty  t o  comprehend t h e  mathematics i n -  
volved w i th  appl ied statistics, b u t  most lack t h e  stat ist ical  t r a i n i n g  neces- 
sa ry  t o  cor rec t ly  implement appropr ia te  stat ist ical  methods. Fu r the r ,  a 
large majori ty o f  engineers lack t h e  necessary expert ise t o  co r rec t l y  
analyze and in te rp re t  data resu l t i ng  f r o m  a designed experiment. 

The  authors were recent ly  contacted by a company t o  prov ide  t h e  serv ice o f  
evaluat ing t h e  re l iab i l i t y  o f  a newly  designed product .  A g r o u p  o f  design 
engineers, p roduc t  engineers, and t e s t  engineers were assembled t o  p a r -  
t ic ipate i n  t h e  pro ject .  Some basic problems surfaced d u r i n g  t h e  d iscus-  
sion, such as: 

1. T h e  fundamental concept o f  var ia t ion  in a manufactur ing process was no t  
understood (especially those which requ i re  tes t ing  o f  more than  one 
un i t ) .  
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2. T h e  usefulness o f  stat ist ical  techniques i s  n o t  appreciated by al l  eng i -  
neers. 

O u r  experiences lead us t o  believe that ,  i n  general, basic stat ist ical  meth-  
ods and t h e i r  application are n o t  wel l  understood by most engineers, and 
t h a t  i n d u s t r y  realizes th i s  def ic iency. E f fo r t s  a re  be ing made t o  overcome 
such problems. We are convinced t h a t  a comprehensive program t o  t r a i n  t h e  
engineers should be  established. T h e  fo l lowing concepts should b e  inco r -  
pora ted i n  such a t ra in ing  course: 

1. T h e  concept o f  variat ion (var iab i l i t y )  in manufactur ing processes 

2. Graphical presentat ion o f  stable, predictable var iat ion patterns, such as 
stem and  leaf plots and histograms 

3. Elements o f  p robab i l i t y  

4. Basic stat ist ical  d is t r ibut ions as mathematical models i n  descr ib ing var ia -  
t ion.  These include: 
a. normal d is t r ibu t ion  
b. lognormal d is t r ibu t ion  
c. exponential  d is t r ibu t ion  
d. Weibull d is t r ibu t ion  

5. Stat ist ical  inference 
a. estimation 
b. tests o f  hypotheses 

6. Graphical analysis us ing probab i l i t y  paper 

7. Analys is  o f  variance and design o f  experiments 

We s t r o n g l y  believe t h a t  t h e  materials i n  t h e  program should be  designed so 
t h a t  stat ist ical  procedures can be  appl ied t o  t h e  real  wor ld  examples. Th is  
would p rov ide  motivation for  learn ing  and enhance t h e  use o f  stat ist ical  
methods and concepts in t h e  work  place. 

Management 

Whereas a thorough understanding o f  a l l  stat ist ical  techniques w i l l  no t  solve 
a l l  o f  management's problems (see reference 2), it can p rove  beneficial. T h e  
analysis o f  data can prov ide ins igh t fu l  d i rect ions t o  management i n  decision 
mak ing procedures. There  has been a preva lent  lack o f  awareness o f  basic 
s tat is t ica l  techniques available i n  management circles i n  t h e  recent  past.  
Managers are  expected t o  g ive  competent and v is ib le  leadership. Therefore, 
we o u g h t  t o  convince them t h a t  stat ist ical  techniques decrease t h e  waste o f  
scarce resources and increase monetary benef i ts  ( fo r  example, 100% inspec- 
t i o n  versus  sampling). 

Fundamental steps t o  increase t h e  awareness level o f  stat ist ical  methodolo- 
gies and a commitment t o  the i r  use are  what  i s  needed.in a stat ist ical  t r a i n -  
ing program. T h e  t ra in ing  program is  t yp i ca l l y  a two-day s u r v e y  o f  data 
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analysis techniques. T h i s  includes ideas such as appropr iate data collec- 
t ion, summary o f  data, and procedures which i n t e r p r e t  t h e  f i nd ings  and  
p rov ide  guidel ines f o r  t h e  decision o r  action. A f t e r  par t ic ipat ion in a semi- 
n a r  o f  t h i s  type, managers w i l l  be more w i l l ing  t o  commit themselves t o  e f -  
fec t ive  use o f  stat ist ical  tools in t h e i r  business environment. 

Training 

While t h e  approaches t o  t h e  t ra in ing  programs v a r y  f rom company t o  com- 
pany, t h e  th ree  most common types o f  programs are: 

1. Resident programs 

2. Video tape modules 

3. Computer-aided ins t ruc t ion  

Resident Proqrams 

Resident programs (classroom set t ing)  are one o f  t h e  most commonly used 
t r a i n i n g  methods i n  t h e  manufactur ing i ndus t ry .  T h e  authors bel ieve t h a t  a 
successful program should include t h e  fol lowing: 

1. lns t ruc to rs  who are wel l  t ra ined i n  stat ist ics w i t h  engineer ing e x p e r i -  
ences. 

2. Materials t h a t  a re  specif ical ly ta i lored f o r  t h e  audience. 

3. Projects t h a t  allow students t o  app ly  t h e  methodologies t o  real  wor ld  
problems. 

4. Proper competence level o f  t h e  audience. 

I n  most o f  t h e  programs w i t h  which we are involved, a step-by-step ap -  
proach appears t o  be appropr iate because o f  t ime constra ints and t h e  back-  
g r o u n d  o f  t h e  audience. In each session, stat ist ical  concepts and methods 
are  presented along w i t h  pract ica l  examples t o  demonstrate t h e  procedures 
i n  problem solving. For  instance, a powerful  tool i n  re l iab i l i t y  engineer ing 
i s  t h e  use o f  p robab i l i t y  paper f o r  l i f e  data analysis. A step-by-step p r o -  
cedure i s  used t o  show how l i fe  data can be p lo t ted  on p robab i l i t y  paper.  
Information, such as parameter estimates f o r  l i fetime d is t r ibu t ions  can 
read i ly  be  obtained f rom these plots. 

Video Based T r a i n i n g  

A recent ly  developed t r e n d  in t ra in ing  is  t h e  increased use o f  a video p r e -  
sentation. T h e  decrease i n  VCR pr ices has made t h i s  method v e r y  cost  e f -  
fect ive. T h e  pr inc ipa l  advantage is  t h e  f l ex ib i l i t y  i n  schedul ing t h e  var ious 
classes. T h e  tapes can be reserved and then  viewed a t  t h e  convenience o f  
t h e  user. T h e  pace o f  t h e  program is  then  gear t o  ind iv idua l  capabil i t ies. 
I n  some classes, the re  are  students who unders tand t h e  concepts a t  an 
accelerated pace. 
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T h i s  method does requ i re  e x t r a  e f f o r t  by t h e  ins t ruc tor .  Each tape must  be  
p lanned i n  detai l .  The learn ing  objectives must  be  c lear ly  ident i f ied  and al l  
g raph ics  must  be readable f o r  television. The  development o f  a 10-tape 
series w i l l  p robab ly  take upward  o f  s i x  months t o  complete. In addi t ion t o  
reco rd ing  time, a s t u d y  gu ide must  be  included. T h e  s t u d y  gu ide should 
have a l l  g raphs and t e x t  used in t h e  tape p lus  questions and problems t o  
re in force  t h e  material. 

Computer-Aided ins t ruc t i on  

T h e  increased emphasis on us ing  t h e  computer t o  analyze data has made 
computer-aided ins t ruc t ion  a popular  t ra in ing  tool. Th is  method has t h e  
same f l e x i b i l i t y  as is  found  in video-based t ra in ing .  The  number o f  people 
us ing  t h e  program is l imited by t h e  number o f  available computer te rmi -  
nals. 

T h i s  method i s  v e r y  ef fect ive in teaching numerical calculations. T h e  user 
can be  presented w i th  a series o f  numbers and then  asked t o  determine 
var ious stat is t ics associated w i t h  t h e  data. Based on t h e  user's response, 
t h e  program can then  proceed a t  t h e  appropr iate pace. 
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