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T h e  quest ion o f  how best  t o  teach stat is t ics is  sometimes phrased i n  terms 
o f  learn ing  by theory  versus learn ing  by doing. Unfor tunate ly  each ap -  
proach, by itself, has serious drawbacks. We al l  know t h a t  stat ist ical  
t h e o r y  and proofs tend t o  be  fo rgo t ten  soon unless p u t  t o  some use. On 
t h e  o the r  hand, t o  p lunge a s tudent  i n to  data analysis does no t  guarantee 
t h a t  he o r  she w i l l  ~ i n d e r s t a n d  t h e  rat ionale for ,  and t h e  l imits of, t h e  p r o -  
cedures t h a t  can now be so easi ly ca r r i ed  o u t  by us ing stat ist ical  software 
packages. 

T h e  real  problem, as 1 see it, is how t o  gu ide t h e  use o f  data analysis as a 
learn ing  tool so t h a t  it leads students t o  an understanding o f  t h e  stat ist ical  
p r inc ip les  on which t h e  various analyt ic  techniques are  based. I n  what  f o l -  
lows I w i l l  summarize the  pros  and cons o f  t h ree  approaches t o  t h e  use o f  
data analysis in teaching stat ist ics. Then I wi l l  try t o  d raw a few conclu- 
sions about  t h e  matter.  Note t h a t  t h e  students we w i l l  be concerned w i t h  
here  are  those who are a t  a beg inn ing level and who are interested pr imar -  
ily i n  application. A t  a more advanced level, especially f o r  those wishing t o  
become professional statisticians, t h e  balance can s h i f t  more i n  t h e  d i rec -  
t i on  o f  theoret ical exposit ion. 

1. Large Batch-Oriented Statistical Packages 

The  most widely d i f fused data analysis tools are t h e  large stat ist ical  pack -  
ages such as SAS, BMDP, SPSS-X, and o ther  sets o f  programs t h a t  of fer  a 
wide v a r i e t y  o f  data management and analysis procedures. These packages 
can b e  used t o  c a r r y  o u t  analyses i n  conjunct ion w i t h  a stat ist ics course A 
data f i l e  can be set u p  f o r  s tudents t o  use, and t h e y  can c a r r y  o u t  assign- 
ments o r  work  on projects us ing an available stat ist ical  package. A par t ia l  
step i n  t h i s  d i rect ion is t h e  textbook by Mosteller, Fienberg, and Rourke 
(1988), which supplements the  discussion o f  mult iple regression by d is -  
p lay ing  and in terpre t ing  computer output ;  a few problems are even p r o -  
v ided  specif ical ly f o r  students w i t h  access t o  a computer w i t h  a mul t ip le 
regression program. 

T h e  use o f  large packages f o r  ins t ruc t ion  has bo th  advantages and d i s -  
advantages. T h e  pr inc ipal  advantage o f  us ing  stat ist ical  packages is  t h e i r  
comprehensive nature. Al though t h e  mul t ip l i c i ty  o f  available procedures 
can cause confusion a t  f i rs t ,  s tudents p r o f i t  by be ing exposed t o  t h e  v a r i -  
e t y  o f  possible methods t h a t  can be  appl ied t o  t h e  analysis o f  data. T h e y  
also learn a great  deal i n  t h e  process o f  f i g u r i n g  o u t  t h e  meaning o f  t h e  
computer ou tput .  Furthermore, since students wi l l  most l i ke l y  be us ing  
stat is t ica l  packages i n  the i r  work  la ter  on, t h e  use o f  these programs can 
make t h e  courses seem more real is t ic  and pract ical.  
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It is  also wor th  not ing  t h a t  these packages are read i ly  available i n  most 
univers i t ies.  If adequate computer t ime can be  obtained f o r  inst ruct ion,  a 
se t  o f  exercises can be  developed and  q u i c k l y  incorporated i n t o  a course. 

A disadvantage o f  us ing  stat ist ical  packages f o r  ins t ruc t ion  i s  t h e  false 
sense o f  precision t h a t  s tudents can acquire. The  computer programs r a r e -  
ly complain when basic assumptions are being violated o r  when t h e  fo rm o f  
t h e  data is  inappropr iate f o r  t h e  procedure used. The  computer p r i n t o u t  
can look good b u t  s t i l l  be  nonsense. 

Another  problem is  t h a t  s tudents can ge t  bogged down w i t h  t h e  mechanics 
o f  p roduc ing  t h e  runs .  T h e  co r rec t  specif ication o f  contro l  language and 
opt ions can be  so d i s t rac t i ng  t h a t  students impl ic i t ly  come t o  t h i n k  t h a t  t h e  
successful p roduct ion  o f  computer p r i n t o u t  is  t h e  same as t h e  solut ion t o  a 
stat ist ical  problem. It is  important  fo r  students t o  remain aware t h a t  t h e  
purpose o f  t h e  course is  t o  teach stat ist ical  pr inc ip les and sound analyt ic  
technique - no t  j u s t  t o  develop fac i l i t y  w i t h  a par t icu lar  stat ist ical  pack-  
age. 

A re lated problem i s  t h a t  t u rn -a round  time can s t i l l  be  slow a t  many i n s t i -  
tu t ions .  Ideal ly  t h e  computer should g ive  resul ts  immediately f o r  t h e  p r o b -  
lems we submit. A delay o f  a few hours may be tolerable; however, if t h e  
resu l ts  are no t  available for days, it is easy f o r  students t o  lose t r a c k  o f  
wha t  t h e  whole po in t  o f  t h e  analysis was. Once again, it is  important  t h a t  
s tudents no t  g e t  bogged down w i t h  mechanical details. 

On balance, consequently, t h e  use of large stat ist ical  packages f o r  teach- 
i n g  stat ist ics can be  helpful, b u t  t h e y  are cer ta in ly  no t  t h e  ideal solut ion. 
It is  wor th  consider ing o ther  approaches as well. 

2. l nterac t ive  Analysis Programs 

Computer programs f o r  minicomputers and microcomputers have begun t o  
appear which are designed f o r  in teract ive data analysis. These programs 
are  somewhat more promising f o r  teaching stat ist ics than  are t h e  large 
batch-or iented packages. Examples are t h e  S package f rom Bel l  Labora- 
tories, and ISP f rom Berkeley; t h e  microcomputer versions o f  SPSS and 
SAS can also be  considered semi-interactive. 

T h e  d is t ingu ish ing character is t ic  o f  in teract ive data analysis programs is  
t h a t  t h e  resu l ts  o f  one stage o f  analysis can immediately be used t o  speci fy  
t h e  n e x t  stage. A t  t h e  simplest level t h i s  means t h a t  t h e  resul ts  can be  
examined on t h e  screen o f  a computer terminal and used as t h e  basis f o r  an 
addit ional analysis specif ication. A t  a more sophisticated level t h i s  means 
t h a t  intermediate resul ts  are available f o r  examination and can gu ide 
f u r t h e r  analyt ic  steps w i thout  requ i r i ng  t h e  user t o  issue a whole new set 
o f  commands. 

T h e  main advantage o f  in terac t ive  programs is  t h i s  immediate feedback. 
T h i s  approach encourages explorat ion o f  t he  data, and it faci l i tates t h e  
development o f  good problem-solving strategies. Some o f  t h e  disadvantages 
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of batch-or iented programs can t h u s  be  overcome.. T h e  t e x t  b y  McNeil 
(1 977) i l lust rates some of these possibi l i t ies. 

On t h e  o the r  hand, in teract ive stat ist ical  programs s t i l l  have some. o f  t h e  
same problems as batch programs f o r  purposes o f  teaching stat ist ics. 
T h e r e  are s t i l l  t h e  problems o f  hav ing t o  spend a l o t  o f  t ime learn ing  t o  
use t h e  programs and o f  ge t t i ng  d is t rac ted by t h e  mechanics o f  p roduc ing  
resu l ts .  Furthermore, in teract ive programs produce resul ts  i n  t h e  same 
uncr i t i ca l  manner as any  o ther  s tat is t ica l  computer program, and those r e -  
su l ts  need no t  make much sense. 

A l l  i n  all, however, an interact ive stat ist ical  package is  l i ke l y  t o  be more 
appropr ia te  f o r  teaching stat ist ics than  a batch-oriented package. If such 
a set o f  programs is  available f o r  s tudent  use, it is  well wor th  inves t i -  
ga t ing .  

3. Simulations Based o n  Spreadsheets 

T h e r e  is  one o ther  computer appl icat ion t h a t  I wish t o  mention i n  t h i s  con- 
text ,  and t h a t  is  t h e  use of spreadsheet programs t h a t  are widely available 
f o r  microcomputers. These programs set u p  a large matr ix  i n  which some 
cells can be def ined as a func t ion  o f  o ther  cells. When t h e  la t te r  cells are 
modified, t hen  t h e  cells def ined as funct ions also change. These funct ions 
can be  as simple as t h e  sum o f  t w o  cells o r  as complex as a chi-square sta- 
t i s t i c  based on a cont ingency table. 

The  ins t ruc t iona l  value of these spreadsheet programs is  due t o  t h e i r  abi l i -  
ty t o  make clear and t ransparent  how a set o f  observations generates a 
pa r t i cu la r  s tat is t ic .  A s tudent  can see immediately how a change i n  ob-  
served values leads t o  a change i n  t h e  stat is t ic  (Kelman e t  al., 1983). If 
set u p  appropriately,  a spreadsheet application can allow t h e  s tudent  t o  
simulate easi ly t h e  effects o f  d i f f e ren t  d is t r ibu t ions  o r  pa t te rns  and t o  
examine t h e  behavior o f  a stat is t ic  under  many conditions. 

Le t  me g i v e  a re la t ive ly  simple example o f  a spreadsheet t h a t  I have used 
i n  my own courses. I n  a course on log-l inear analyt ic methods I wanted t h e  
students t o  develop a good in tu i t i ve  sense o f  t h e  behavior o f  t h e  odds- 
ra t i o  i n  a 2x2 cont ingency table. So I set u p  a spreadsheet w i t h  a cont in -  
gency table and t h e  computed odds-rat io (plus Yule's Q and t h e  logar i thm 
o f  t h e  odds-rat io) .  The students could change t h e  cell counts o f  t h e  con- 
t i ngency  table and see immediately how those changes affected t h e  odds- 
ra t i o  (and t h e  o ther  associated stat is t ics) .  I n  a v e r y  sho r t  per iod o f  t ime a 
s tudent  could explore qu i te  tho rough ly  t h e  behavior o f  t h i s  s tat is t ic  under  
var ious condit ions. 

A more in teres t ing  and complex example f rom t h e  same course was a 
spreadsheet set u p  t o  generate t h e  model o f  independence and t h e  associ- 
ated chi -square stat is t ic  i n  a b ivar ia te  cont ingency table. A s ta r t i ng  table 
was also inc luded so t h a t  some o f  t he  cells could be def ined as s t ruc tu ra l  
zeros. T h e  s tudent  could manipulate bo th  t h e  cell f requencies and t h e  
s t a r t i n g  table i n  o rde r  t o  see how well t h e  models o f  independence and 
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quasi-independence fit t h e  cel l  f requencies. 1 f ound  t h i s  spreadsheet app l i -  
cat ion t o  be  pa r t i cu la r l y  he lp fu l  t o  t h e  students. 

These spreadsheet appl icat ions can focus t h e  students'  at tent ion on cer ta in  
important  pr inc ip les o r  on  t h e  behavior  o f  a specif ic stat ist ic.  Once set  up, 
these spreadsheets are  v e r y  easy f o r  s tudents t o  use, and  t h e y  can p r o -  
v i d e  real ins igh ts  i n t o  t h e  subject  mat ter  o f  t h e  course. 

T h e  l imitations o f  these spreadsheets, o f  course, a re  v e r y  clear. Not  e v e r y  
calculation can be se t  u p  cor ivenient ly  in such a format, and  t h e  funct ions 
available (logs, square roots, t r igonometr ic  functions, and so f o r t h )  v a r y  
f rom one program t o  t h e  o ther .  Another  problem is  t h a t  t h e  data set f o r  
calculations must be  re la t ive ly  small, if students are t o  modi fy  it easi ly and 
in te l l ig ib ly .  

A l l  in all, however, I bel ieve t h a t  t h i s  approach t o  us ing  computers holds 
great  promise f o r  teaching stat is t ica l  pr inc ip les.  A t  t h e  present  t ime it is  a 
l i t t l e  cumbersome f o r  t h e  professor t o  have t o  set u p  spreadsheets fo r  a 
course, b u t  I suspect t h a t  in due  t ime some appropr iate ly  designed soft-  
ware wi l l  faci l i tate t h e  task  o r  p rov ide  some equivalent methodology. 

4. Conclusion \ 

T h e  basic quest ion we need t o  address i s  how people learn - more specif ic- 
ally, how t h e y  learn stat is t ica l  concepts and techniques. Most o f  us have 
probab ly  come t o  t h e  conclusion t h a t  it i s  no t  enough t o  teach stat ist ical  
theorems and derivat ions, w i t h  a few exercises th rown  in. We need more 
emphasis on t h e  analysis o f  data, on  p u t t i n g  stat ist ics t o  work .  

Nevertheless, it is  no t  always easy t o  develop an approach t h a t  in tegrates 
theory,  data analysis, and t h e  requis i te computer sk i l ls .  As discussed 
above, stat ist ical  packages and programs can be helpful, b u t  t h e y  are  not  
a subst i tu te  f o r  unders tand ing stat ist ical  theory.  As we also noted, s t u -  
dents can spend so much t ime g e t t i n g  t h e  computer t o  do  something t h a t  
t h e y  lose s igh t  o f  t h e  stat is t ica l  pr inc ip les t h a t  a re  supposedly be ing e x e r -  
c i  sed . 
One use o f  computers t h a t  I consider especially promising is the  use o f  
spreadsheet programs, which are  available f o r  pract ica l ly  any  micro- 
computer. Once set u p  appropr iate ly ,  these programs allow students t o  
change a set o f  data and t o  see immediately t h e  impact o f  those changes on 
a stat is t ic .  Th is  method can help students t o  understand t h e  meaning o f  a 
cer ta in stat is t ic  o r  s tat is t ica l  p r i nc ip le  and t o  acquire an in tu i t i ve  g rasp  o f  
how robus t  a stat is t ic  is  under  d i f f e ren t  conditions. Th is  approach, a l -  
though re la t ive ly  undeveloped, i s  a good example o f  how computers and 
data analysis can f u r t h e r  a theoret ica l  understanding o f  stat ist ics. 
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