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1. In t roduct ion  

Since about  1970 1 have substant ia l l y  changed m y  approach t o  teaching o f  
basic business stat ist ics courses: 

1. Al though I try t o  convey important  theoret ical ideas, data analysis 
comes f i r s t  and takes h igher  p r i o r i t y .  

2 .  I n  selecting tools f o r  data analysis f o r  inclusion, I weigh heavi ly  t h e  
needs o f  managers. 

3. The  potent ial  value o f  s tat is t ics i s  b r o u g h t  o u t  in t h e  contex t  o f  app l i -  
cations. 

4. Ind iv idua l  s tudent  pro jects displace assigned problems and examina- 
' t ions. 

5. There  i s  in tensive rel iance on hands-on, in terac t ive  stat ist ical  com- 
pu t ing .  

I believe t h a t  t h e  resu l t  has been substant ial  improvement and t h a t  t h e  
t r e n d  is  s t i l l  posit ive. Students do  be t te r  and more sa t is fy ing  w o r k  i n  
class, t h e i r  course evaluat ions are  more favorable (comparing well w i t h  
ra t ings  i n  other, t rad i t iona l ly  more popular, courses), and feedback f rom 
former students suggests t h a t  t h e i r  exposure t o  stat ist ics has had more 
last ing effects. 

2. Problems w i t h  Trad i t iona l  T e a c h i n g  

Basic stat ist ics courses - in business schools and elsewhere - are  seldom 
popular, and t h e  reasons l ie  deeper t h a n  teaching methods. 

1. Students sense (correct ly ,  i n  m y  judgment) t h a t  many o f  t h e  topics 
covered i n  these courses are  no t  v e r y  helpfu l  t o  managers. For example, 
t he re  i s  usual ly  heavy emphasis on tes t ing  o f  sharp  nu l l  hypotheses, y e t  
- except  f o r  t h e i r  ro le i n  diagnost ic checking o f  stat ist ical  models '- 

these tests are  r a r e l y  appl icable t o  business decisions. (The selection o f  
t h e  best  o f  t w o  o r  more processes does not  enta i l  a tes t  o f  a sharp  nu l l  
hypothesis. ) 

2 .  Few o f  t h e  stat ist ical  ideas and tools most needed i n  business pract ice 
are  covered I n  these courses. For  example, t he re  is  l i t t l e  o r  no t rea t -  
ment o f  stat ist ical  process control, time-series analysis, experimental 
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design, o r  p robab i l i t y  sampling. T h e r e  is  l i t t l e  emphasis on t h e  communi- 
cations sk i l ls  needed t o  convey stat is t ica l  f i nd ings  t o  t o p  managers. 

3. As W. Edwards Deming and o thers  have stressed, stat ist ics - when 
coupled w i th  good human relat ions and  organizat ional pract ice - is  an 
important  k e y  t o  good management. B u t  t o  most students, s tat is t ics 
seems d u l l  and mathematically fo rb idd ing .  T o  overcome these percep- 
t ions, I believe t h a t  teachers must  demonstrate how stat ist ics can be  
used t o  solve important  and in teres t ing  problems. 

4. Stat ist ics i s  r a r e l y  used wide ly  o r  wel l  by managers; t he re  are  few  tes t i -  
monials f rom businessmen about  t h e  value o f  stat ist ics. 

3. Impor tant  Stat ist ical  Developments 

Several major developments in stat is t ics since t h e  Second World War have 
inf luenced m y  change o f  approach t o  teaching: 

1. T h e  development o f  p robab i l i t y  sampling. 

2 .  T h e  emergence o f  ideas o f  Bayesian decision t h e o r y  t h a t  help t o  formal-  
ize t h i n k i n g  about business decisions. 

3. Developments i n  time-series analysis t h a t  have made it possible easi ly t o  
e x t r a c t  t h e  information needed by management and t o  avoid widespread 
popular  misinterpretat ions o f  t ime-series data. 

4. T h e  increasing focus o f  experimental design and analysis on  problems o f  
business decision making. 

5. Development o f  tools f o r  coming closer t o  sound causal inferences f rom 
non-experimental data. 

6. In terac t ive  stat ist ical  computing, w i t h  emphasis on analyt ical  graphics, 
beg inn ing w i t h  ea r l y  minicomputers and now increasingly f l ou r i sh ing  i n  
t h e  wor ld  o f  t h e  IBM PC and compatibles. 

7. T h e  modern t h r u s t  i n  qua l i t y  and p roduc t i v i t y ,  i n  which stat ist ics is  
seen as a major cont r ibu tor  t o  improved management pract ice. 

4. Ind i v idua l  S tudent  Proiects 

T o  take advantage o f  these developments, one must  recognize that,  whi le - 
most stat ist ics professors l i ke  stat ist ics f o r  i t s  own sake most s t u d e n t s b e -  
come interested i n  stat ist ics mainly if t h e  subiect  promises t o  do  usefu l  
t h i n g s  f o r  them. I believe t h a t  even t h e  seemingly l imited goal o f  develop- 
i n g  " in te l l igent  consumers o f  stat ist ics" is  bes t  attained if students t ry  t o  
p r o d u c e  stat ist ics on a modest scale. On ly  then  do  most s tudents seem t o  
become suf f i c ien t ly  i n t r i gued  w i t h  stat is t ics t o  want  t o  learn about  s tat is-  
t i ca l  theory .  
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Based on my experience, I believe that  managers can, with limited consult- 
ing  support from statisticians, actually use statistics effectively fo r  a wide 
range of problems. The experience of Professor William Hunter i n  teaching 
experimental design by projects and the early returns from the innovative 
program of Brian Joiner t o  create "parastatisticians" i n  industry  provide 
reinforcement to  my belief. Further reinforcement comes from the apparent 
success of many Japanese companies i n  achieving effective use of statistical 
techniques at  all levels down t o  the foreman and production worker. 

With guidance from a teacher and the use of a "fr iendly" interactive com- 
puter package, students can do good projects based on data sets of their  
own choosing, often of their  own collection, even in  the most elementary 
course. My format has been t o  require a series of progress reports, s tar t -  
ing early in the course, as the project is defined and developed. Each pro-  
gress report  receives prompt and fu l l  feedback from the instructor, i n -  
cluding suggestions on exposition. The obvious burden on the instructor 
is offset, i n  my experience, by the welcome relief from the monotony of 
reading examination or  problem papers; each project is different, and al- 
most all are interesting. 

To get students started, I normally ask them to  f ind  or  collect a business, 
economic, o r  personal time series that would be useful to  predict and un-  
derstand. Careful guidance b y  the instructor is needed to  get the student 
started quickly on a rewarding series. It is highly desirable not only to  
have access to  data bu t  also to  have access t o  background information 
about the data. Current data are more interesting than historical data. Al-  
though many students cannot get this k ind of access to  company data, 
everyone has access to  current macroeconomic data and everyone can col- 
lect interesting personal data, such as athletic performance, acquisition of 
a new skill, or  physiological measurements such as weight, resting pulse 
rate, body temperature, or  blood pressure. Anyone, too, can collect busi- 
ness data b y  direct observation, say of sales registered at the checkout 
counter of a supermarket or time to  serve customers at a McDonald's f ran-  
chise. 

Since elementary descriptive tools are introduced at the outset of the 
course, students can begin analysis very promptly. As the course pro-  
ceeds, they hand in  successive extensions that make use of new concepts 
introduced in  the course. Later they expand the scope to  include a poten- 
t ial leading or explanatory indicator. Finally, many do a cross-sectional 
regression. 

Variations on this approach are appropriate in  different courses. I n  quali- 
ty control, for example, it is often possible to  implement simple experi- 
ments designed to  improve a process. Work sampling studies can quickly 
indicate about how much time is spent in  doing work that  either does not 
contribute to  company goals or that  represents correction of problems 
created b y  poor quality. 
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5. Time Series as a T o p  P r i o r i t y  f o r  Business Students 

Many cr i t i ca l  business decisions requ i re  reasoned in terpre ta t ion  o f  time- 
series data about  t h e  f i rm:  sales, market  share, qua l i t y  of product ,  inven-  
tories, gross margins, prof i ts ,  promptness o f  collection o f  receivables, 
labor  tu rnover ,  safety, t h e  p r i ce  o f  t h e  common stock, etc. L u r k i n g  in t h e  
background are  macroeconomic time-series such as i n d u s t r y  sales, indices 
o f  re ta i l  sales o r  indust r ia l  production, rates o f  unemployment and in f l a -  
t ion, and  t h e  Gross National Product. Yet  general business school s ta t is -  
t i cs  courses of ten p a y  l i t t l e  o r  no  attent ion t o  t h e  analysis and in te rp re ta -  
t i o n  o f  time-series data. 

T o  in t roduce time series in an elementary way, I s t a r t  w i t h  t h e  ideas o f  
s tat is t ica l  process control, def ined by a random process. FCom t h i s  s t a r t  it 
is  easy t o  b r i n g  i n  simple ideas o f  p robab i l i t y  and inferences about  i n d i v i d -  
ual observations, which are  made v i v i d  by sequence plots, scat ter  plots, 
and histograms. Process contro l  provides also t h e  oppor tun i t y  t o  re late 
stat is t ics t o  management in a context  i n  which t h e  connections between 
t h e o r y  and pract ice are v e r y  easy t o  understand.  

Nex t  one can move t o  simple extensions o f  t h e  random model, w i t h  t h e  r a n -  
dom walk as t h e  f i r s t  example. Di f ferencing then  comes i n  as a way o f  do-  
i n g  regression w i thout  exp l ic i t  regression computations. Regression can be 
in t roduced exp l i c i t l y  i n  t h e  context  of autoregression, and t h e  regression 
approach can be  enlarged t o  include modeling o f  determinist ic ef fects.  
Mul t ivar iate regression gives an int roduct ion t o  ways o f  hand l ing  leading- 
indicator  series t h a t  may cont r ibu te  t o  bet te r  p red ic tab i l i t y  and explana- 
t ion.  

T h e  main theoret ical emphasis is  on the  stat ist ical  model, i t s  formulation, 
diagnost ic checking, and application; and on t h e  predict ion o f  ind iv idua l  
observat ions ( fo r  example, n e x t  month's sales) ra the r  than formal in fer -  
ences about parameters. Understanding t h e  idea o f  modeling also prov ides  
some protect ion against b lunder ing  i n  applications, since students are a l -  
ways mindfu l  o f  t h e  importance o f  diagnostic checking o f  stat ist ical  models 
against  t h e  data be ing studied. 

I n  t h i s  way, it is easy t o  develop t h e  view o f  stat ist ics as probab i l i s t i c  de-  
scr ip t ion  o f  real i ty ,  an expression t h a t  I find v e r y  suggest ive o f  what  s ta-  
t i s t i cs  should be about. I am continual ly pleased t o  f i n d  how of ten simple 
stat ist ical  models - such as t h e  random walk - g ive  a reasonable approx i -  
mation t o  rea l i ty .  Even when t h e  simple stat ist ical  models fa i l  t o  describe 
rea l i t y  adequately, t h e  specif ic fai l ings a le r t  us t o  important  aspects o f  
rea l i t y  t h a t  could otherwise have passed unnoticed. For example, ou t l ie rs  
on a Shewhart c h a r t  guide t h e  search f o r  assignable causes o f  qua l i t y  v a r i -  
at ion. 

6. Causal Model ing in Cross-Sectional Data 

Another  h igh -p r io r i t y  area f o r  business appl icat ion is  cross-sectional r e -  
gression and tabu lar  analysis, w i th  emphasis on causal modeling and i n -  
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c lud ing  an in t roduct ion  t o  designed experiments. I have found  t h a t  cross- 
sectional analysis is  be t te r  understood if the re  has f i r s t  been a serious a t -  
tempt t o  analyze and i n t e r p r e t  time-series data. One can always check o u t  
time-series modeling by forecast ing t h e  n e x t  day, week, o r  month. Th is  
g ives t h e  right perspect ive f o r  a n y  stat ist ical  analysis. One is  t r y i n g  t o  
descr ibe rea l i ty  t h a t  i s  f u l l  o f  uncerta inty,  no t  t o  p lay  t h e  verba l  game o f  
signif icance test ing.  

7. Data Analys is  f o r  Managers 

I n  recent  years I have moved s t r o n g l y  i n  t h e  direct ions j u s t  sketched and 
have prepared and repeatedly rev ised a set o f  teaching materials called 
Data Analysis f o r  Managers. These materials are  problem oriented, w i t h  
many i l lust rat ions keyed t o  o u t p u t  f rom stat ist ical  packages. Informal 
t h e o r y  is  always i n  t h e  background.  

Students learn t h e  stat ist ical  packages almost w i thout  e f f o r t  by fo l lowing 
t h e  sc r ip t s  used i n  analyses o f  t h e  numerous data sets t h a t  b r i n g  o u t  t h e  
main stat ist ical  ideas and tools. 

T h e  most serious problem w i t h  t h i s  approach has been t h e  l inkage o f  teach- 
i n g  materials t o  a single stat ist ical  package which, i n  basic courses, must  
be easy t o  learn. If t h a t  package is  no t  widely available, s tudents may not  
be  able t o  fol low u p  a f te r  graduation, and any  one set o f  teaching materials 
may be  usable on ly  a t  a l imited number of schools. The  c u r r e n t  o r  prospec-  
t i v e  avai labi l i ty  o f  most packages on t h e  IBM PC and compatibles promises 
t o  overcome t h i s  problem. 

8. Recommendation 

I do no t  u r g e  o ther  teachers t o  fol low m y  par t icu lar  strategy, a l though I 
would o f  course be happy if some choose t o  do so. I do most s t rong ly  u r g e  
reexamination o f  coverage o f  basic teaching w i t h  t h e  aim o f  q i v i n g  more 
prominent  emphasis t o  tools usefu l  i n  actual business pract ice and t o  i n -  
s t ruc t ion  i n  t h e  proper  use o f  these tools. I n  th i s  way, business students 
can glimpse immediately what  stat ist ics has t o  offer,  learn more f rom t h e  
course, and f u r t h e r  t h e i r  subsequent careers i n  business. 
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