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ABSTRACT 

Contrary t o  ideas suggested by t h e  t i t l e  o f  t he  conference 

a t  which the  present paper was presented, the  author  i s  n o t  aware 

o f  a conceptual d i f f e r e n c e  between a " t e s t  o f  a s t a t i s t i c a l  hypo- 

t hes i s "  and a " t e s t  o f  s i g n i f i c a n c e "  and uses these terms i n t e r -  

changeably. A study o f  any ser ious  substant ive  problem invo lves  

a sequence o f  i n c i d e n t s  a t  which one i s  fo rced t o  pause and con- 

s i d e r  what t o  do next .  I n  an e f f o r t  t o  reduce the  frequency o f  

misd i rec ted a c t i v i t i e s  one uses s t a t i s t i c a l  tes ts .  The procedure 

i s  i l l u s t r a t e d  on two examples: (i) Le Cam's (and assoc ia tes ' )  
study o f  imnunotherapy o f  cancer and (ii) a socio-economic exper i -  

ment r e l a t i n g  t o  low-income homeownership problems. 

1. INTRODUCTION 

The t i t l e  o f  t he  present session invo lves  an element t h a t  

appears myster ious t o  me. Th is  element i s  t h e  apparent d i s t i n c -  

t i o n  between t e s t s  o f  s t a t i s t i c a l  hypotheses, on the  one hand, 
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and t e s t s  of significance, on the other. I f  t h i s  i s  not a lapse 
of someone's pen, then I hope t o  learn the conceptual dis t inc-  
tion. 

Particularly w i t h  reference t o  applied s t a t i s t i c a l  work in 
a variety of domains of Science, my own thoughts of t e s t s  of 
significance, or EQUIVALENTLY of t e s t s  of s t a t i s t i c a l  hypotheses, 
are  that  they are  tools to  reduce the frequency of errors .  This, 
of course, makes the theory of test ing s t a t i s t i c a l  hypotheses a 
part of the a l l  inclusive theory of s t a t i s t i c a l  decision func- 
tions founded by Abraham Wald and subsequently developed by a 
great number o f  colleagues, members of IMS, of ASA, of the 
Biometric Society, e tc .  

The achievements of a l l  these scholars d i f f e r  i n  many 
- 

respects. F i r s t ,  pecul iar i t ies  of domains of empirical studies 
can generate somewhat different  problems of s t a t i s t i c a l  theory. 
Another kind of different iat ion i s  connected w i t h  the unequal 
richness of the mathematical tool boxes of part icular  scholars, 
and here I must confess being envious of Lucien Le Cam's tool 
box. 

The following sections of the present paper are given to two 
rather diverse examples of current applied research in which 
t e s t s  of s t a t i s t i c a l  hypotheses play an important role. One 
example i s  the work of Le Cam conducted jo in t ly  w i t h  cer tain 
associates, spec ia l i s t s  in biology and medicine. The ultimate 
objective of t h i s  most interesting study i s  t o  develop a novel 
method of t reat ing cancer, namely through stimulating defense 
mechanisms of the patient.  The other example i s  the analysis of 
fo l l  ow-up data re1 a t i  ng t o  a soci o-economic experiment performed 
some years ago. Joint ly w i t h  Mark W .  Eudey , I. am personally 

involved in t h i s  analysis.  In both cases only sketches of the 
background and a couple of de ta i l s  can be reported here. 
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TESTS OF STATISTICAL. HYPOTHESES 739 

2. LE CAM'S WORK ON CANCER IMMUNOLOGY 

My i n f o m a t i o n  on t h i s  sub jec t  stems from chats w i t h  Le Cam 

and from several t a l k s  i n  our  seminar given by .Le Cam's asso- 

c ia tes ,  D r .  Vera S. Byers, an immunologist, and D r .  Alan S. Levin, 

an M. D. B r i e f l y  and very roughly a small f r a c t i o n  .o f  t he  study 

can be summarized as fo l lows. 

Apparently, cancer c e l l s  removed from a p a t i e n t  can be kept 

a l i v e  i n  a labora tory .  Also, i n  appropr ia te  cond i t ions ,  these 

c e l l s  can m u l t i p l y .  It i s  co lon ies  o f  such c e l l s  t h a t  are  used 

i n  experimentation. One purpose o f  these experiments i s  t o  iden- 

t i f y  agents capable o f  k i l l i n g  cancer c e l l s .  One such agent i s  

t he  r e a d i l y  ava i l ab le  pure d i s t i l l e d  water: w i t h i n  a r e l a t i v e l y  

sho r t  t ime a l l  t he  cancer c e l l s  imnersed i n  d i s t i l l e d  water are  

k i l l e d ,  apparent ly,  i r r e s p e c t i v e  of t he  k ind  o f  cancer. For t h i s  

reason, t h e  e f fec t iveness o f  o the r  c a n c e r - k i l l i n g  agents i s  f r e -  

quent ly  measured by t h e i r  cancer c e l l  k i l l  dur ing 3 hours 

expressed as percentage o f  t h a t  by d i s t i l l e d  water. Th is  per-  

centage i s  labe led " e f f i c i e n c y  index". 

The suspected ( o r  s h a l l  I say, t he  hoped f o r )  b i o l o g i c a l  

cancer k i l l e r s  are  c e r t a i n  e n t i  t i e s  c a l l e d  lymphocytes which are  

present i n  our blood. The experiments a1 ready performed (Byers, 

1975) i n d i c a t e  t h a t  lymphocytes taken from i n d i v i d u a l s  o f  t h e  

general popu la t ion  vary s u b s t a n t i a l l y  i n  t h e i r  c a n c e r - k i l l  i n g  

capaci ty.  This f i n d i n g  i s  sunnnarized by saying t h a t  i n d i v i d u a l s  

o f  t h e  general popu la t ion  va ry  considerably i n  t h e i r  immunity t o  

cancer. ( I t  w i l l  be remembered t h a t  t he  immunity i n  quest ion i s  

what might be c a l l e d  immunity " i n  v i t r o " ,  which may o r  may n o t  

p a r a l l e l  i n u n i  t y  " i n  v ivo" .  ) 

The o the r  important  f i n d i n g  i s  t h a t  t he  c a n c e r - k i l l i n g  a b i l -  

i t y  o f  lymphocytes taken from a given person shows a degree o f  

cancer -spec i f i c i  t y .  For example, i n d i v i d u a l s  whose lymphocytes 
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are e f f e c t i v e  i n  dest roy ing c e l l s  o f  cancer of t he  bone a re  r e l a -  

t i v e l y  rare.  Those showing imnuni ty aga ins t  breast  cancer are  

more f requent,  e tc .  Thus, i t  i s  appropr ia te  t o  speak o f  cancer 

type-spec i f ic  i m u n i t y  o f  p a r t i c u l a r  i nd i v idua ls .  

The establ ishment o f  t he  above f a c t s  brought ou t  t he  ques- 

t i o n  about t he  o r i g i n  o f  t he  cancer t ype -spec i f i c  imnuni t y .  What 

about t he  p o s s i b i l i t y  t h a t  such immunity o r i g ina tes  from m i l d  

exposures t o  p a r t i c u l a r  types o f  cancer? The "mi ld  exposure" 

contemplated cons is ts  i n  l i v i n g  i n  a  household conta in ing a  pa- 

t i e n t  s u f f e r i n g  from a  s p e c i f i e d  type o f  cancer. It i s  labe led 

"household con tac t ' s  exposure". 

I n  order  t o  study the  poss ib le  e f f e c t s  of household con- 

tac ts ,  s p e c i f i c a l l y  w i t h  regard t o  cancer o f  t he  breast ,  two sam- 

p les  o f  i n d i v i d u a l s  were examined,and 1 am indebted t o  Le Cam f o r  

showing me the  data i n  advance o f  t h e i r  pub l i ca t i on .  One of t he  

samples i s  composed o f  34 " c o n t r o l "  persons who had no known con- 

tac ts  w i t h  women s u f f e r i n g  from the  cancer o f  the  breast .  The 

o the r  sample contains 33 i n d i v i d u a l s ,  labe led the  "contac t  i n d i -  

v idua ls " ,  who, f o r  a t  l e a s t  two years, had household contacts 

w i t h  a  breast  cancer pa t i en t .  

Each o f  t h e  67 persons s tud ied y i e l d e d  a  supply o f  lympho- 

cytes and these were tes ted  f o r  t h e i r  b reast  cancer c e l l  k i l l i n g  

a b i l i t y  as measured by the  e f f i c i e n c y  index. This I denote by X 

f o r  con t ro l s  and by Y f o r  contac t  i n d i v i d u a l s .  The hypothesis t o  

be tested, say H, i s  c l e a r l y  i nd i ca ted  by t h e  purpose o f  t h e  

study: t he  popu la t ion  d i s t r i b u t i o n  o f  Y i s  i d e n t i c a l  w i t h  t h a t  o f  

X. The a l t e r n a t i v e  hypothesis aga ins t  which the  t e s t  t o  be 

used had t o  be p a r t i c u l a r l y  powerful i s  a l so  c lear .  The purpose 

o f  t he  study was t o  f i n d  whether, by and la rge,  the  household 

contacts tend t o  increase the  immunity aga ins t  cancer o f  t he  

breast. Evident ly,  i n  the a f f i r m a t i v e  case, t he  random va r iab le  

Y would be " s t o c h a s t i c a l l y  l a r g e r "  than X .  Accordingly, Le Cam' 
2 choice was t h e  Mann-Whi tney t e s t  r a t h e r  than, say the  x o r  the  

Kolmogorov-Smi rnov t e s t .  
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TESTS OF STATISTICAL HYPOTHESES 741 

The application of the chosen t e s t  l e f t  l i t t l e  doubt t h a t  
the lymphocytes from household contact persons a re ,  by and 1 arge, 
better breast cancer ce l l  k i l l e r s  than those from the controls.  
The s i tuat ion i s  i l lus t ra ted  in Figure 1 ,  indicating the empiri- 
cal cumulative dis t r ibut ions of X and separately of Y ,  I t  will 
be seen t ha t ,  as i t  happens, almost any s t a t i s t i c a l  t e s t  worthy 
of the  name would find the two dis tr ibut ions s ignif icant ly 
different .  

~ n c i d e n t a l l ~ ,  the sample of household contact individuals 
contained persons genetically related t o  patients (children, 
s ibs ,  e tc .  ), and also those without such connections (husbands, 
adopted children, maids, e tc .  ). One of the additional questions 
studied i n  the investigation was whether genetic connections made 
a difference in the performance of the lymphocytes. No evidence 
was found. Neither was there any evidence of a difference 
between lymphocytes of men and women. 

I find the study most interest ing and am looking forward t o  
seeing the .full account of i t s  findings. 

3. FOLLOW-UP STUDY OF LIHD-2, A SOCIO-ECONOMIC EXPERIMENT 

In the 1960's the Federal Department of Housing and Urban 
Development ( H U D )  funded several 1 ow-i ncome housing "demonstra- 
t ion" projects undertaken by local groups in the United States.  
In one part icular  instance, an e f fo r t  was made to t u r n  the 
"demonstration" into a randomized experiment. This was done by a 
non-profit corporation, the San Francisco Development Fund 

(SFDF). The purpose of the experiment, labeled LIHD-2, was t o  
find out whether in the general category of low-income families a 
"select" group could be found for  which counseling and modest 
limited-duration subsidies would lead t o  improvement in housing 
and, eventually, to  stab1 e home ownership. The operational 

period of the experiment was December 1966 through November 1969. 
I t  involved 104 families,  52  experimentals and 52 controls.  The 

intention was t o  form 52 ethnical ly  matching pairs of families,  
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TESTS OF STATISTICAL HYPOTHESES 743 

one of which, selected a t  random, would be assigned t o  the exper- 
imental category and the  other t o  the controls.  As will  be seen 
below, t h i s  most laudable goal proved d i f f i c u l t  t o  achieve. 

In order t o  be included into the experiment, the recruited 
families had t o  pass a t e s t  which consisted in earning a speci- 
f ied score on each of cer tain s ix  qualifying c r i t e r i a  devised in 
conferences with sociologists.  These c r i t e r i a  included the so- 
called "potent ial" ,  expected t o  measure the capability of the 
family t o  r i s e  above preexisting cul tural  and economic levels ,  t o  
increase i t s  earni ngs , etc .  

After being assigned t o  the experimental group, each qua1 i -  
fied family was moved to  a reasonable rented apartment and was 
supplied with subsidies averaging about $50.00 per month and con- 
tinuing f o r  no more than two years. This two-year period served 
the families t o  become accustomed t o  be t te r  housing ( w i t h  enough 
bedrooms, e t c . ) ,  t o  learn the technical i t ies  of home acquisition, 
t o  find ways of increasing t h e i r  incomes (wives proved very help- 
f u l ) ,  t o  budget t h e i r  earnings and expenses and t o  shop f o r  a 
desirable home t o  buy. The s ta f f  of SFDF t r ied  t o  help by coun- 
seling. All t h i s  applied t o  the experimental families. As t o  
the control families, a l l  the benefits they got from being 
included in  the experiment were limited to  the hypothetical s t i -  
mulus from being "qualified" and t o  a $10.00 fee fo r  an interview 
a t  the end of the  experiment. 

When the experiment was concluded, in November 1969, i t  was 
found, not very surprisingly, t ha t  the experimental fam 
advanced to homeownership much f a s t e r  than the controls 
1970). However, there was the question about the durab 
the successes. Therefore, three and a half years a f t e r  
clusion of the experiment, in April-May, 1973, the SFDF 
a follow-up study, which i s  the subject of the present 
communication. 

1 ies  

l i t y  of 
the con- 
performed 

I must begin w i t h  the coverage. The follow-up study could 
have been included in the original plan of the experiment, and 
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then arrangements might have been made t o  keep a l l  t he  104 fami- 

l i e s  more o r  l e s s  i n  s igh t .  As i t  happened, t h e  organ izat ion  o f  

t h e  fo l low-up began l a t e r ,  and t h e  f i e l d  work was l i m i t e d  t o  two 

months. The r e s u l t  was t h a t  o u t  of t h e  104 f a m i l i e s  on l y  97 

cou ld  be located,  48 experimentals and 49 con t ro l s .  While the 

l oss  o f  seven f a m i l i e s  i s  reg re t tab le ,  i t  must be c l e a r  t h a t  

t h e i r  a v a i l a b i l i t y  cou ld  n o t  a l t e r  very much the  general p i c t u r e  

provided by those located and interv iewed. The d i f f i c u l t y  o f  the  

fo l low-up ana lys i s  i s  elsewhere. 

[Remark: Th i s  i s  n o t  t he  case w i t h  the  recent  survey (Urban 

Management Consul t a n t s  of  San Francisco, 1975) o f  two low-income 

housing programs, one o f  which was administered by SFDF. This 

year-long i n v e s t i g a t i o n  was intended t o  prov ide the  Federal 

Government w i t h  i n fo rma t ion  on t h e  e f fec t iveness o f  two d i f f e r e n t  

p o l i c i e s .  The samples o f  f a m i l i e s  covered by the  survey are no t  

n e g l i g i b l e ,  144 i n  one case and 473 i n  t h e  o ther .  However, 

important  comparisons are  made w i t h  unexpectedly l a rge  propor- 

t i o n s  o f  missing data. For example, t h e  foreclosure ra tes  are  

compared on data w i t h  22% miss ing records f o r  one program and 

w i t h  28% miss ing f o r  t h e  o ther .  S i m i l a r l y ,  t h e  comparison o f  

frequencies of " l a t e  fees" among the  same groups of f a m i l i e s  i s  

made w i t h  omissions of 342 and 46% of f a m i l i e s  concerned, 

respect ive ly . ]  

As mentioned i n  t h e  d e s c r i p t i o n  of LIHD-2 (Eudey, 1970), the  

s t r i c t l y  random p a r t i t i o n i n g  o f  a l l  t h e  q u a l i f i e d  fami l ies  i n t o  

experimental and con t ro l  groups proved d i f f i c u l t .  A t  t he  t ime, 

the b ias  favo r ing  t h e  experimental category appeared small.  Hon- 

ever, when a f t e r  t h e  fo l low-up a l l  t he  data were reexamined, i t  

became c l e a r  t h a t  t he  b ias  i s  q u i t e  important. S p e c i f i c a l l y ,  the  

experimental category contained s u b s t a n t i a l l y  more f a m i l i e s  w i t h  

r e l a t i v e l y  h igh  scores on " p o t e n t i a l "  than t h e  con t ro l  category. 

The same app l ies  t o  the  score on "education". Thus, t he  idea o f  

ana lys is  through a comparison between the  experimental and con- 

t r o l  f a m i l i e s  was abandoned. The whole ana lys is  i s  bu lky  and we 
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TESTS OF STATISTICAL HYPOTHESES 745 

hope t o  pub l i sh  i t  elsewhere. Here on l y  one d e t a i l  must s u f f i c e .  

It i s  concerned w i t h  the s e l e c t i o n  o f  a s t a t i s t i c a l  t e s t  t o  v a l i -  

date one o f  t h e  basic ideas o f  t h e  experiment, namely tha t ,  i n  

cond i t ions  b f  t h e  experimental f a m i l i e s ,  h igh scores on "poten- 

t i a l "  and on educat ion do i n d i c a t e  good prospects i n  a move 

towards unsubsidized homeownership. 

Our reasoning, Mark Eudey's and mine, i s  as fo l lows.  Con- 

s i d e r  t he  group o f  48 experimental f a m i l i e s  located a t  t h e  

fol low-up and d i v i d e  i t  i n t o  two equal subgroups, those w i t h  

po ten t i a l  score below the  median (say "low P" o r  LP) and those 

above (say HP). Next, we v i s u a l i z e  two populat ions o f  which the  

LP and t h e  HP f a m i l i e s  can be c o n s i d e k d  as random samples. L e t  

n ( ~ )  and n(H) denote those populat ions.  The quest ion about t he  

relevance o f  " p o t e n t i a l "  i s  now reduced t o  t h e  quest ion whether 

the  p r o b a b i l i t y  d i s t r i b u t i o n  o f  success i n  the  move t o  homeowner- 

sh ip  w i t h i n  t h e  popu la t ion  p(H) coincides w i t h  t h a t  w i t h i n  I I ( L ) ,  

A f t e r  r e a l i z i n g  t h i s ,  we have to '  face the  problem o f  d e f i n i n g  a 

measure o f  success. Here one p o i n t  i s  obvious. Th is  i s  t h a t ,  i f  

a t  t he  t ime of the  fo l low-up a f a m i l y  does n o t  own i t s  home, then 

i t s  success, say So, i s  zero. But what about those f a m i l i e s  t h a t  

i n  t he  sp r ing  o f  1973 were found t o  be homeowners? Are they a l l  

t o  be t r e a t e d  equa l ly?  We have several thoughts on t h i s  matter ,  

one o f  which i s  as fo l l ows .  

The fo l low-up data contains in format ion no t  on l y  on whether, 

a t  t h e  time, a fam i l y  l i v e d  i n  i t s  own home b u t  a l so  on t h e  date 

a t  which t h i s  home was purchased. It appears t o  us t h a t  t h i s  

date i s  somehow re levan t  t o  the  degree o f  success achieved by t h e  

fami ly .  It w i l l  be remembered t h a t  each experimental f a m i l y  had 

a per iod o f  up t o  two years o f  subsidies dur ing which i t  cou ld  

acquire q u i t e  a b i t  o f  techn ica l  in format ion and o f  educat ion i n  

matters r e l a t i n g  t o  i t s  income, t o  budgeting, e t c .  One way o f  

t h i n k i n g  t h a t  appeals t o  us i s  t h a t  t he  purchase o f  a home du r ing  

t h e  pe r iod  o f  subsidies,  even i f  t h i s  home i s  s t i l l  owned i n  

1973, may be a s t roke  o f  good luck  combined w i t h  somewhat 
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excessive enthusiasm. We assign t o  i t  what may be c a l l e d  

"moderate success" and denote i t  by 5 , .  This  i s  contrasted 

the  success of t he  fami ly  found l i v i n g  i n  i t s  home purchased 

a f t e r  the  conclusion of  t h e  pe r iod  of subsidies.  The performance - 
o f  such a fam i l y  appears impressive t o  us because i t  demonstrates 

i t s  a b i l i t y  t o  increase i t s  earnings and t o  budget i t s  expenses 

s u f f i c i e n t l y  t o  be ab le  t o  produce the  downpayment e n t i r e l y  on 

i t s  own. We c a l l  i t s  success "high" and denote i t  by S2. 

The o the r  way of t h i n k i n g  leads t o  a reverse use o f  l abe ls  

"modest" and "high" success. Here t h e  basic cons idera t ion  i s  

t ha t ,  if a fami ly  owning a house i n  1973 bought i t  more than 

th ree  years before, then t h i s  f a m i l y  demonstrated a subs tan t i a l  

degree of homeownership s t a b i l i t y ,  which i s  r a t h e r  an important  

cha rac te r i s t i c .  Here, then, t he  e a r l y  purchase of t he  home s t i l l  

owned i n  April-May o f  1973 appears t o  deserve the  l abe l  o f  "h igh" 

performance, S2. 

With SO unambiguously defined and w i t h  two measures o f  suc- 

cess S1 and S2 open t o  some sub jec t i ve  discussion,  l e t  us now 

face t h e  problem o f  s e l e c t i n g  an appropr ia te  t e s t  o f  t he  hypo- 

thesis,  say H, t h a t  t h e  p r o b a b i l i t i e s  of  t he  three degrees o f  

success i n  populat ions n (L )  and II(H) a re  t h e  same. The bas ic  

idea was proposed some years ago by Mrs. Dorothy Marshak, then 

our graduate student. It was conceived i n  connection w i t h  our 

study o f  t he  existence o r  non-existence of a phys ica l  phenomenon 

o f  "memory boost". The deduct ion o f  t he  opt imal  C(a)  t e s t  i s  due 

t o  F.N. David (1972). The general scheme i s  as fo l lows. 

Denote by go, el and e2 = 1 - e0 - el t h e  unknown p robab i l -  

t i e s  of successes So, S1 and Sg corresponding t o  II(L) f am i l i es ,  

w i t h  such d e f i n i t i o n  o f  S1 and S2 as f i t s  t he  reader 's  i n t u i t i o n  

best. I f  the  score on " p o t e n t i a l "  ( o r  on "educat ion")  i s  r e a l l y  

meaningful, then (a)  t h e  p r o b a b i l i t y  of SO i n  n(H) ought t o  be 

smal ler  than t h a t  i n  I I (L) ;  and (b)  t he  p r o b a b i l i t i e s  o f  S2 should 

be i n  reverse r e l a t i o n .  Accordingly, Mrs. Marshak suggested a 

set-up as i n  Table I, where 5 denotes a non-negative number l ess  

than un i t y .  

NEYMAN 

w i t h  
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TESTS OF STATISTICAL HYPOTHESES 

TABLE I 

P r o b a b i l i t i e s  o f  Successes i n  n(L)  and X(H)  

Success s n 51 s2 

With t h i s  set-up, t he  n u l l  hypothesis H t o  be t e s t e d  reduces 

t o  t h e  asse r t i on  t h a t  5 = 0, the  a l t e r n a t i v e  being 5 > 0. 

Table I1 gives t h e  numbers o f  experimental f am i l i es ,  located a t  

t he  fol low-up, c l a s s i f i e d  according t o  t h e i r  "h igh" and "low" 

scores on " p o t e n t i a l "  and on "education". Here, the  f i r s t  o f  t he  

two d e f i n i t i o n s  o f  S1 and S2 i s  used. 

The a p p l i c a t i o n  o f  the  t e s t  l e f t  l i t t l e  room f o r  doubt t h a t  

t he  score on p o t e n t i a l  and a l s o  t h a t  on educat ion are  very r e l e -  

vant t o  t h e  prospects t h a t  a " q u a l i f i e d "  low-income f a m i l y  pu t  i n  

cond i t ions  o f  t he  "experimentals" w i l l  be successful i n  i t s  move 

towards non-subsidi zed home acqu is i t i on .  Figures 2A and 28, one 

r e f e r r i n g  t o  experimental f a m i l i e s  and the  o ther  t o  con t ro l s ,  

TABLE I 1  

Performance o f  Fami l ies w i t h  "high" and "low" Scores 
On " p o t e n t i a l "  and "education" 

Measure of = n o t  owner S1 = owner, = owner, 
success a t f o l l o w -  bought s2 bought 

U P dur ing a f t e r  
subsidy subsidy 
pe r iod  pe r iod  

- - 

High P 5 
Low P 15 

- - - 

High E 6 5 13 
Low E 14 9 1 

Tota 1 s 20 14 14 
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FIG. 2A 

/ EXPERIMENTAL 

I END OF SUBSIDIES , 

HIGH EDUCATION 

FIG. 28 

I CONTROLS 

LOW EDUCATION 

DATE OF PURCHASE 

F I G S .  2A, B 

CUMULATIVE CHRONOLOGIES OF A Q U I S I T I O N  OF HOUSES OWNED 'AT FOLLOW-Ur 

D
ow

nl
oa

de
d 

by
 [

V
ir

gi
ni

a 
T

ec
h 

L
ib

ra
ri

es
] 

at
 1

0:
26

 1
5 

A
pr

il 
20

15
 



TESTS OF STATISTICAL HYPOTHESES 749 

both classified on their scores on education, provide an intui- 
tive feeling of what must have been going on. I am particularly 

impressed by the finding that, with a single exception, the 

experimental families with lower than the median score on educa- 
tion, bought their homes before the expiration of the period of 

subsidies, while those with "high" education continued their buy- 

ing spree up to the end of the period of observation, in 1973. 

Figure 28, relating to control families, presents a picture 
entirely different from that in Figure 24. While the comparison 

of the two figures is interesting, it will be remembered that the 
striking difference is ascribable not only to the treatment 

received by the experimentals but also to the fact that, because 

of the bias in assignment, the group of controls is somehow 

weaker than the experimental s . - 
A POSTSCRIPT: 

REMARKS SUGGESTED BY THE DISCUSSION AT THE MEETING 

(i) In the post Abraham Wald terminology, the problem of 

testing a statistical hypothesis H is a "two-decision problem": 
(a) either reject H or (b) do not reject H. The phrase "do not 

reject H" is longish and cumbersome and, therefore, there are 
several alternatives in common use. One is "accept" fly which is 
the negation of H or its "alternative", My own preferred substi- 

tute for "do not reject H" is "rio evidence against H is found". 
The two-decision problem of testing H should be distin- 

guished from a "three-decision problem". Here, the three a1 ter- 

native actions are: (a) accept H, (b) accept n, and (c) remain 
in doubt. 

The theoretical statistical problems re1 ati ng to the above 
situations consist in developing criteria which tend to minimize 
the frequencies of errors, particularly those subjectively consi- 

dered as especially important to avoid. 

(ii) Problems of estimation, whether point estimation or by 

interval, are mu1 ti-decision problems (except when the quantity 
to be estimated can have one out of two specified possible 
values). 

D
ow

nl
oa

de
d 

by
 [

V
ir

gi
ni

a 
T

ec
h 

L
ib

ra
ri

es
] 

at
 1

0:
26

 1
5 

A
pr

il 
20

15
 



( i i i )  I t seems t o  me t ha t  the d i s t i n c t i o n  between " tests  o f  
s ign i f icance"  and " tes ts  of s t a t i s t i c a l  hypotheses" mentioned i n  

the t i t l e  of the Session i s  not  r e a l l y  one appl icable t o  some two 

conceptual e n t i t i e s  but t o  subject ive a t t i t udes  o f  the p rac t i c ing  

s t a t i s t i c i a n .  Thus, the same s t a t i s t i c ,  say the  "Studentu-Fisher 

t - s t a t i s t i c ,  may be used i n  two d i f fe ren t  capacit ies determined 

by the a t t i t u d e  of the user. One seems t o  be the capacity o f  a 
" t es t  of s igni f icance" and the other  t ha t  of a " t es t  o f  a s t a t i s -  

t i c a l  hypothesis". I n  my own empir ical  work on a "substantive" 

problem such d i s t i n c t i ons  do no t  appear necessary. My use o f  the 
t - s t a t i s t i c  i s  1 im i  ted  t o  ce r t a i n  f a m i l i a r  condit ions i n  which 

i t s  frequency proper t ies  have been proved t o  be, i n  a sense, 

optimal. 

( i v )  A s im i l a r  remark appl ies t o  the use o f  the words "deci-  
sion" o r  "conclusion". It seems t o  me t ha t  a t  our discussion 

these pa r t i cu l a r  words were used t o  designate only something l i k e  

a f i n a l  outcome o f  compl icated analysis invo lv ing  several tes ts  

o f  d i f f e r e n t  hypotheses. I n  my own way o f  speaking, I do not 

hes i ta te  t o  use the words "decision" o r  "conclusion" every time 

they come handy. For example, i n  the  analysis o f  the fol low-up 

data f o r  the LIHD-2 experiment, Mark Eudey and I star ted  by con- 

s ider ing the importance o f  bias i n  forming the experimental and 

control .groups o f  fami l ies .  As a r e s u l t  o f  the tes ts  we applied, 

we decided t o  ac t  on the assumption (o r  concluded) t ha t  the two 

groups are not  random samples from the same population. Act ing 

on t h i s  assumption ( o r  having reached t h i s  conclusion), we sought 

for  ways t o  analyze t ha t  data other than by comparing the experi-  

mental and the  cont ro l  groups. 

The procedures I described involved tests  of two new hypo- 

theses, namely t h a t  "high" o r  "low" scores on "po ten t ia l "  and on 

"education" do not a f f e c t  the chances o f  success i n  the d r i ve  t o  

home ownership. The analyses we performed l ed  us t o  "conclude" 

o r  "decide" t ha t  the hypotheses tested could be re jected without 

excessive r i s k  o f  e r ro r .  I n  other words, a f t e r  considering the 
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TESTS OF S T A T I S T I W  RYPOTBESES 751 

probability of e r ror  ( t ha t  i s ,  a f t e r  considering how frequently 

we would be in e r ror  i f  in conditions of our data we rejected the 

hypotheses t e s t ed ) ,  we decided t o  ac t  on the assumption t ha t  
"high" scores on "potential and on "education" are  indicative of 

bet ter  chances of success in  the drive t o  home ownership. 

I need not emphasize t ha t  this substantive conclusion applies 
t o  a par t icular  loca l i ty ,  the San Francisco Bay Area, and t o  the 

part icular  epoch, l a t e  1960's and early 19701s, 
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