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I N T R O D U C T I O N  

We s t u d y  the  p rob lem of measu r ing  the  in t r ins ic  
qua l i t y  of work  in an office e n v i r o n m e n t  when per- 
f o rmance  canno t  s imply  be j udged  by o u t p u t  or 
p r o d u c t i v i t y .  Typ ica l ly ,  one would devise a set of 
c r i t e r i a  to be used to eva lua t e  pe r fo rmance  by peer 
review. In some cases the  c r i te r ia  are such t h a t  a 
r a t i ng  of excel lent  to poor (say, 1 to 5) would  be 
ass igned to each i tem (as in ' t e ach ing  e v a l u a t i o n s ' ,  
for example ) .  In o the r  cases, the  c r i t e r ia  are in the  
form of ques t ions  which call for a 'yes ' ,  ' no ' ,  or 'not -  
app l i cab l e '  response.  This  l a t t e r  s i t ua t ion  arose in 
the  a u t h o r s '  work on des igning a qua l i t y  review 
sys tem for l icensing profess ionals  in the  Vi rg in ia  
D e p a r t m e n t  of Social Services. These  profess ionals  
are respons ib le  for overseeing p r iva te  child and adu l t  
res ident ia l  and  day-ca re  centers  in the  S ta te ,  
inc lud ing  the  issuance,  supervis ion  and revoca t ion  of 
licenses. Since the re  are m a n y  legal and  policy 
r equ i r emen t s  t h a t  should  be fol lowed,  the  'yes -no '  
checkl is t  lends i tself  very well to the  p rob lem of 
m e a s u r i n g  w o r k - q u a l i t y  in this  s i tua t ion .  

Af te r  c o n s t r u c t i o n  of the  final ' y e s - n o - N A '  check- 
list,  the  next  ques t ion  is how to use it to devise a 
numer ica l  measu re  of work qua l i ty .  In this  pape r  the  
a u t h o r s  consider  several  measures ,  inc lud ing  the  ra t io  
of 'yes '  responses  to 'yes + no '  responses,  the  ra t io  of 
' no '  responses  to the  to t a l  n u m b e r  of checklis t  i tems,  
and we igh ted  vers ions  of these.  The  first  m e t h o d  is a 
ra t io  e s t i m a t e  and hence is t echn ica l ly  more  comp- 
l ica ted t h a n  the  la t te r .  However ,  the  l a t t e r  has the  
poss ibly  undes i r eab le  effect of not  d i s t i ngu i sh ing  
be tween  'yes '  and 'NA ' .  A n o t h e r  ques t ion  t h a t  arises 
is how to combine  qua l i ty  measures  of d i f ferent  oper-  
a t ions  (wi th  d i f ferent  checkl is ts)  in to  a single measure  
of qua l i t y  for t h a t  office. In add i t ion ,  if it is desire- 
able to c o m p a r e  qua l i ty  a m o n g  different  offices bo th  
for ind iv idua l  ope ra t ions  and overal l ,  a s t ra t i f i ed  
sample  design would  be a p p r o p r i a t e .  

This  is the  s i t ua t i on  in the  app l i ca t ion  to lic- 
ens ing profess ionals  p resen ted  in this  paper .  The  
p rob lem is compl i ca t ed  by the  fact  t h a t  the  n u m b e r  
of s t r a t a  is large and  the  sample  size is cons t r a ined  
so only  two cases are reviewed in m a n y  s t r a t a  ( the  
m a x i m u m  is 15). Thus ,  e i ther  j ackkni fe  or b o o t s t r a p  

m e t h o d s  are needed for a good e s t i m a t e  of s t a n d a r d  
error .  It t u r n s  out  t h a t  the  jackkni fe  is of no help 
for w i t h i n - s t r a t u m  es t ima tes  and is only  m a r g i n a l l y  
useful for combined  ra t io  es t imates .  

B A C K G R O U N D  
O r g a n i z a t i o n a l  Se t t i ng  

ope ra t i ons  sa t i s fy  l'egal and r e g u l a t o r y  r equ i r emen t s .  
The  d iv is ion ' s  ac t iv i t ies  are car r ied  out  t h r o u g h  a 
cen t ra l  office s ta f f  in the  S t a t e  capi to l  and a s ta f f  of 
l icensing special is ts  in seven regional  offices geograph-  
ically d ispersed  t h r o u g h o u t  the  C o m m o n w e a l t h .  

In 1983, as pa r t  of a d e p a r t m e n t w i d e  projec t  to  
develop and  i m p l e m e n t  a sys tem for measu r ing  and 
m o n i t o r i n g  the  pe r fo rmance  of its regional  offices, the  
Division of Licensing P r o g r a m s  u n d e r t o o k  to develop 
a means  for assessing the  efficiency and effect iveness  
of its regional  l icensing uni ts .  Efficiency measures  
focused on s ta f f  p r o d u c t i v i t y  and cost efficiency. 
Effect iveness  m e a s u r e m e n t  concerned  i tself  wi th  the  
qua l i t y  of regional  ac t iv i t ies ,  f rom two perspect ives :  
(1) an assessment  of the  in t r ins ic  qua l i ty  of regional  
s ta f f  efforts  in t e rms  of compl iance  wi th  r e g u l a t o r y  
and a d m i n i s t r a t i v e  policies,  by means  of an in t e rna l  
" Q u a l i t y  Review" of ac t ions  taken;  and (2) an eval- 
ua t ion  of the  perceived qua l i t y  of regional  ac t iv i t ies  
by l icensed prov iders ,  us ing survey  research me thods .  
This  pape r  is concerned  wi th  the  in t r ins ic  Q u a l i t y  
Review Process.  

M a n a g e m e n t  's in te res t  in u n d e r t a k i n g  the  
" Q u a l i t y  Review" in i t i a t ive  was to es tab l i sh  an 
ongoing  process for e v a l u a t i n g  and c o m p a r i n g  sys- 
t e m a t i c a l l y  the  qua l i t y  of regional  office opera t ions .  
The  pr inc ipa l  ob jec t ive  was to develop an asessment  
tool  t h a t  would  aid p r o g r a m  manage r s  bo th  in eval-  
ua t i ng  var ious  agg rega t e  aspects  of p r o g r a m  qua l i t y  
and,  when used in con junc t ion  wi th  o the r  l icensing 
p e r f o r m a n c e  m e a s u r e m e n t  da t a ,  would  be t t e r  inform 
m a n a g e m e n t  decisions concern ing  fu tu r e  plans  and  
p r o g r a m  i m p r o v e m e n t s .  

The  q u a l i t a t i v e  feedback  m a n a n a g e m e n t  hoped to 

gain f rom this  process was i n t ended  to answer  such 
overal l  ques t ions  as: 

-- W h a t  is the  overal l  qua l i ty  of l icensing 
ope ra t i ons  s t a t ewide?  

-- Does the  qua l i t y  of regional  l icensing ope ra t i ons  
differ a m o n g  the  ma jo r  types  of l icensing ac t iv i t ies?  

-- To w h a t  ex ten t  do the  var ious  regions '  overal l  
l icensing ope ra t i ons  differ qua l i t a t i ve ly  over t ime  and 
a m o n g  regions? 

It was m a n a g e m e n t ' s  desire to: (1) min imize  the  
i n v e s t m e n t  of s ta f f  t ime  needed to conduc t  an 
a n n u a l  review of regional  case act ions;  and (2) 
op t imize  the  re l iab i l i ty  and va l id i ty  of the  review 
process as a basis for p rov id ing  wor thwh i l e  overal l  
a s sessments  of p r o g r a m  qua l i ty  for m a n a g e m e n t  
purposes .  ([5, P a r t  II].) 

The  Vi rg in i a  D e p a r t m e n t  of Social Services is 
respons ib le  for a ssur ing  t h a t  social service p r o g r a m  
policies are car r ied  ou t  eff ic ient ly  and effect ively,  in 
acco rdance  wi th  federal  and  s t a t e  legal and r e g u l a t o r y  
r equ i r emen t s .  One such p r o g r a m  concerns  the  
l icensing and  overs igh t  of var ious  p r iva t e ly  owned 
and  m a n a g e d  res iden t ia l  and day care facil i t ies.  The  
d e p a r t m e n t  regu la tes  the  ope ra t ions  of such faci l i t ies  
t h r o u g h  its Division of Licensing P r o g r a m s ,  whose 
ac t iv i t ies  en ta i l  issuing licenses" to and  exercis ing 
c o n t i n u i n g  overs igh t  of providers  to assure  t h a t  the i r  

Focus  on O u t p u t s  
A ma jo r  focus of the  d e p a r t m e n t ' s  pe r fo rmance  

m e a s u r e m e n t  sys tem is on eight  iden t i f i ab le  p r o g r a m  
o u t p u t s  t h a t  are the  resul t  of regional  s ta f f  efforts .  
For  the  Division of Licensing P r o g r a m s  these  inc lude  
the  e n d - p r o d u c t  o u t p u t s ,  or comple t ed  case ac t ions ,  
r e su l t ing  f rom the  pr inc ipa l  regional  ac t iv i t ies  which 
are suscep t ib le  to  pos t -hoc  m a n a g e m e n t  review. These  
included:  issuances  ( the  i ssuance of a license to an 
a p p r o v e d  fac i l i ty) ;  closures ( the  closing of a l icensed 
faci l i ty  due to r evoca t ion  of its l icense); compla in t s  
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( the  in fo rmal  i nves t iga t ion  of a cl ient  or ci t izens 
c o m p l a i n t  conce rn ing  a l icensed faci l i ty) ;  a l lowable  
var iances  ( the  g r a n t i n g  to  a fac i l i ty  of a j u s t i f i ab l e  
va r i ance  f rom a l icensing r equ i r emen t ) ;  ea r ly  com- 
p l iance  ( the  convers ion  of a cond i t iona l  l icense to  
regu la r  l icense ahead  of schedule ,  due to exped i t ed  
compl iance  ac t ion  by the  l icensee);  superv i so ry  visi ts  
(onsi te  visi ts  by regional  l icensing s ta f f  for overs igh t  
a n d / o r  t echnica l  ass i s tance  purposes) ;  a l lega t ions  ( the  
formal  i nves t iga t ion  of an al leged v io la t ion  of legal or 
r e g u l a t o r y  r e q u i r e m e n t s  by a l icensed or unl icensed  
prov ider ) ;  and modi f i ca t ions  (a change  in the  t e rms  
of a l icense due to changes  in licensee ope ra t ions ) .  
The  regional  l icensing o u t p u t  levels for fiscal year  
1986 are shown in Tab les  1-3 by o u t p u t  t ype  and 
region.  

Each of the  foregoing o u t p u t s  enta i l s  cer ta in  work 
ac t iv i t ies  on the  pa r t  of regional  l icensing staffs t h a t  
are governed  by S ta t e  laws, r egu la t ions  a n d / o r  depa r t -  
men ta l  policies and  procedures .  E v a l u a t i n g  the  
qua l i t y  of these  e ight  e n d - p r o d u c t s  i s  best  j u d g e d  in 
t e rms  of the  ex ten t  to which the  comple ted  o u t p u t  
and the  ac t iv i t ies  which p roduced  it sat isfies appl-  

icable legal,  r egu l a to ry ,  policy and p rocedura l  require-  
ments .  Thus ,  the  design and  d e v e l o p m e n t  of the  lic- 
ens ing Q u a l i t y  Review process focused on how best  to  
assess these  aspects  of  regional  p r o g r a m  per fo rmance .  

Q U A L I T Y  R E V I E W  P R O C E S S  
An in t e rna l  M o n i t o r i n g  and E v a l u a t i o n  

C o m m i t t e e  compr i sed  of cen t ra l  office and regional  
s ta f f  specia l is ts  deve loped  a series of eight  Q u a l i t y  
Review Checkl i s t s  co r r e spond ing  wi th  the  regional  
o u t p u t s  e n u m e r a t e d  above.  Each checklis t  inc luded  
i tems ref lec t ing  i m p o r t a n t  legal,  r egu la to ry ,  pol icy 
and  p rocedu ra l  r equ i r emen t s  concern ing  which 
regional  compl i ance  could be reviewed on a pos t -hoc  
basis. Each  checkl is t  con ta ined  re levan t  i tems t h a t  
addressed  four  specific aspects  o f  compl iance :  

o F a c t f i n d i n g  
o P r o c e d u r a l  Compl i ance  
o A p p r o p r i a t e n e s s  of Dispos i t ion  
o T imel iness  

The  checkl is ts  were pi lot  t e s ted  by a g roup  of  lic- 
ensing superv isors  and special is ts .  Revised check-l is ts  
were p r e p a r e d  based on the  pi lot  tes t  resul ts ,  and 
p o t e n t i a l  reviewers  were t r a ined  on the i r  use pr ior  to  
the  ac tua l  Q u a l i t y  Review process being i n s t i t u t ed .  
An example  of  one checkl is t  is given in the  
Append ix .  

S A M P L I N G  P L A N  

The  agg rega t e  of 5,395 comple t ed  cases ac t ions  for 
1986 (Tab le  1) served as the  sample  f r ame  and  was 
p a r t i t i o n e d  by region,  o u t p u t  type ,  and faci l i ty  type  
in to  112 s t r a t a .  S imple  r a n d o m  samples ,  rough ly  
p r o p o r t i o n a l  to size, were t aken  in each s t r a t u m .  
Since each case requi red  an average  30 to 40 minu te s  
to review and s ta f f  t ime  was l imi ted ,  t o t a l  sample  
size was res t r i c t ed  to 310 cases. M a n y  s t r a t a  had  a 
sample  size of two (and  some only one) ,  mak ing  
va r i ance  e s t i m a t i o n  diff icul t .  Once the  sample  was 
selected,  the  case o u t p u t s  were reviewed by ten 
cen t ra l  office and regional  l icensing special is ts .  To  
min imize  r a t e r  bias,  no t eam m e m b e r  reviewed cases 
f rom h i s / h e r  own region.  To check the  ex ten t  of 
m e a s u r e m e n t  e r ror  by reviewers,  a s u b s a m p l e  of 50 
cases was selected for qua l i t y  cont ro l  purposes .  These  
were re- reviewed by a t e a m  m e m b e r  o the r  t h a n  the  
or ig inal  reviewer ,  and  the  two resul ts  were c o m p a r e d  

as a means  of  checking the  ob jec t iv i ty  of  the  
checklis ts .  Sequen t i a l  s a m p l i n g  was used in this  
process.  A l t h o u g h  inconsis tencies  in the  reviews 
suggest  the  presence of m e a s u r e m e n t  error ,  we do not  
t ake  this  in to  accoun t  in the  rest  of this  paper .  

Q U A L I T Y  M E A S U R E S  

Focus  now on a single s t r a t u m .  The  checklist  is 
the  same for all cases in the  s t r a t u m  but  the  n u m b e r  
of  app l i cab le  i tems varies by case. For  each 

( p o p u l a t i o n )  case j, let yj deno te  the  n u m b e r  of check- 

list i tems t h a t  ra te  a 'yes '  response  (i.e., if r a t ed  it 

would  earn  a 'yes ' )  and xj the  n u m b e r  t h a t  ra te  'no ' .  

The  qua l i t y  of case j could be measu red  as 

y / / ( y j + x j ) .  However ,  the  p rob lem is to measure  the  

qua l i t y  of  the  s t r a t u m  as a whole. This  can be done  

This  can be done  e i the r  by the  average  of  ra t ios  

N 
( 1 / N ) E  y j / ( y j  Jr- xj) 

j = l  

or by the  combined  ra t io  

N 
(1) R = I: y~ / (y~ + x~) 

j=l 

which represents the proportion of applicable items 
that would rate 'yes'. The problem with the average 
of ratios method is that it gives equal weight to all 
cases. For example, a case with i0 items rated 'yes' 
and zero items rated 'no' would count the same as a 
case with one item rated 'no' and zero 'yes'. The 
quality measures for these cases are 1 and 0 with an 
average of 0.5, even though ten of eleven applicable 
items (those answered yes or no) were rated 'yes'. For 
this reason we adopt the ratio (I) as the overall 

measure for the stratum. The sample estimate of R, 

denoted by I~, is of the same functional form except 

that the sums are over the n cases in the sample. 

Thus ,  1~ is a ra t io  e s t ima te ,  and the  e l e m e n t a r y  uni t s  

are the  checkl is t  i tems.  The  sampl ing  process is act-  
ua l ly  a s t ra t i f i ed  c lus ter  sample  wi th  the  cases 
serving as c lus ters  of e l e m e n t a r y  uni ts .  

The  ra t io  e s t i m a t o r  is biased,  and since wi th in-  
s t r a t u m  sample  sizes are small ,  the  bias is poss ibly  
not  negl igible  and the  usual  a p p r o x i m a t e  f o r m u l a  for 
the  va r i ance  of R is p r o b a b l y  poor  (Cochran  [1, 
p.155]). We employ  the  j ackkni fe  (Wol t e r  [4,Ch.4]) 
m e t h o d  in an a t t e m p t  to improve  the  va r i ance  
e s t ima te s  and  reduce  bias. A l t e r n a t i v e  unb iased  
measures  of qua l i t y  can be o b t a i n e d  by keeping the  
d e n o m i n a t o r  cons t an t .  If M denotes  the  n u m b e r  of 
checkl is t  i tems for the  o u t p u t  t ype  unde r  consider  

a t ion ,  t hen  ( x j / M )  measures  the  p r o p o r t i o n  of i tems 

t h a t  r a t e  ' no '  and  the  s t r a t u m  measure  would  be the  

sum of the  xj d iv ided  by NM, which is t h e  same as 

the  mean  of the  ind iv idua l  ra t ios .  The  d r a w b a c k  
wi th  this  measu re  is t h a t  it does not  d i s t ingu i sh  
be tween  'yes '  and  ' n o n - a p p l i c a b l e '  i tems.  If the  
emphas i s  is on the  n u m b e r  of th ings  done incor rec t ly ,  
th is  may  be an accep tab le  measure ,  bu t  for most  
m a n a g e m e n t  purposes  (1) is prefer red .  

To  d i s t ingu i sh  be tween  'yes ' ,  ' no ' ,  and  ' N A '  and 
still  m a i n t a i n  a l inear  measure  t h a t  pe rmi t s  an un- 
biased e s t i m a t o r ,  one could assign values  q - l , - 1 ,  and  
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0 r e s p e c t i v e l y  (as in a t r u e - f a l s e  e x a m  w h e r e  a 
student  is p e n a l i z e d  m o r e  h e a v i l y  for  a w r o n g  a n s w e r  

t h a n  an o m i s s i o n ) .  Le t  uij d e n o t e  t h e  v a l u e  4 - 1 , - 1  , 

o r  0 a s s igned  to  i t em  i of  case j ,  a n d  let u.j d e n o t e  

t h e  sum of t he se  over  all i t ems  i. T h e  ' s core '  for  th i s  

case is u . j / M  and  t h e  s t r a t u m  m e a s u r e  is 

N 
N -1 ~ u . j / M  

j----1 

T h e  m e a s u r e  r anges  f rom -1 to  4-1. T h e  p r i m a r y  
d r a w b a c k  here  is t h a t  t h e r e  is a p e n a l t y  for  an ' N A '  
i t em.  F o r  e x a m p l e ,  if M -- 10 a case w i th  5 ' ye s '  and  
5 ' N A '  i t ems  w o u l d  rece ive  a score  of on ly  .5, w h e r e a s  
a case w i t h  10 ' yes '  i t ems  wou ld  rece ive  a score  of  1. 
T h e  c o m b i n e d  s t r a t u m  score  (if  N- -2 )  wou ld  be .75 
even  t h o u g h  t h e r e  were  no m i s t a k e s .  

W E I G H T E D  M E A S U R E S  
In s u m m a r y ,  t h e  r a t i o  e s t i m a t o r  ( 1 ) a p p e a r s  to  be 

t h e  m o s t  useful .  Howeve r ,  a g lance  at  t h e  check l i s t  
in t h e  A p p e n d i x  will conv ince  t h e  r e a d e r  t h a t  no t  all 
i t ems  s h o u l d  be e q u a l l y  w e i g h t e d .  F o r  e x a m p l e ,  t h e  
d i s p o s i t i o n  of  t h e  case ( i t em 2.6) is c l ea r ly  t he  m o s t  
i m p o r t a n t  i t em.  To  t a k e  th i s  in to  a c c o u n t ,  we 
g e n e r a l i z e  (1) by a s s ign ing  pos i t i ve  va lues  to  each  
i t em  on t h e  check l i s t .  As t h e r e  are  e igh t  d i f f e ren t  
check l i s t s ,  one  for  each  o u t p u t  t y p e ,  let M t d e n o t e  
t h e  n u m b e r  of  i t ems  on check l i s t  t ,  

vii -- v a l u e  of i t em  i on check l i s t  t ,  i = l , 2 , . . . , M t .  
a n d  set  

vt = ~ v i t  , for t = l , . . . , 8 .  
i 

Each  s t r a t u m  is a t r i p l e  h = ( t , f , r )  d e t e r m i n e d  by  
a specif ic  o u t p u t  t y p e  t ,  f ac i l i t y  t y p e  f (ch i ld  or  
a d u l t ) ,  a n d  r eg iona l  office r. Let  N h = Nt/,. d e n o t e  
t h e  n u m b e r  of cases in s t r a t u m  h. W e  use a do t  in 
p lace  of  t h e  s u b s c r i p t  to  i n d i c a t e  t he  sum over  t h a t  
s u b s c r i p t .  Lower  case n p l ays  t h e  s a m e  role for  t h e  

s a m p l e  as N does  for  t h e  p o p u l a t i o n .  F o r  a g iven  case 

j in s t r a t u m  h let Yjh - -  Yjtfr b e  t he  sum of t h e  va lues  

c o r r e s p o n d i n g  to  check l i s t  i t ems  t h a t  r a t e  ' yes ' ,  let  

xjh = xjtf,, be t h e  s u m  c o r r e s p o n d i n g  to  i t ems  t h a t  

r a t e  ' n o ' ,  and  let Rjh = Yjh/(Yjh 4- xjh) be t h e  score  

for  case j .  T h e  q u a l i t y  m e a s u r e  for  s t r a t u m  h is t h e  

r a t i o  

Nh Nh 
(2) R h -- (~ ,  Y jh) / (~ .  (Yjh 4- xjh) = Y'h/(Y'h 4- X'h) 

j=l j 

T h i s  r e p r e s e n t s  t h e  r a t i o  of  t he  t o t a l  va lue  of  i t ems  
t h a t  r a t e  ' ye s '  to  t h e  t o t a l  va lue  of a p p l i c a b l e  i t ems  
for t h e  reg ion  a n d  o u t p u t - f a c i l i t y  t y p e .  T h e  s a m p l e  
e s t i m a t o r  of  (2) is t h e  r a t i o  of s a m p l e  m e a n s  

n h nh 
(E2)  l~ = ~'h/(Yh 4- Xh) = ( r ,  Y j h ) / ( ~  (Yjh 4- X/h)) 

j=l j=l 

The next task is to combine strata to obtain 
certain overall measures. There are four of primary 
interest (see the section on BACKGROUND).: 
(i) A statewide measure of quality for each output 
t y p e  ~ f ac i l i t y  t y p e .  
(ii) A r eg iona l  m e a s u r e  of q u a l i t y  for  each  o u t p u t  
t y p e .  

(iii) A r eg iona l  m e a s u r e  of  q u a l i t y  over  all o u t p u t -  
t y p e s .  
( iv)  An  ove ra l l  s t a t e w i d e  m e a s u r e .  

As r e g a r d s  (i) ,  for  a g iven o u t p u t  t y p e  t a n d  
f ac i l i t y  t y p e  f, a n a t u r a l  s t a t e w i d e  m e a s u r e  is 

(3) Rt i .  = (~rY. t l r ) / (~r  (Y.tlr 4- X't/r))  

T h i s  is t h e  r a t i o  of t h e  t o t a l  va lue  of ' yes '  i t ems  to  
t h a t  of  a p p l i c a b l e  i t e m s  for  all cases in t h e  s t a t e  of 
o u t p u t  t y p e  t a n d  f ac i l i t y  t y p e  f. ( W e  c a u t i o n  t h e  

r e a d e r  t h a t  Rt f .  =/= ~rRtfr . . )  T o  e s t i m a t e  (3) f r om t h e  

s a m p l e  we use t h e  c o m b i n e d  r a t i o  e s t i m a t o r  

(E3)  Rtf"  "- (~rNtfr~rtfr)/(~rNtfr(~i ' t fr  4- x t f r ) )  

w h e r e  Ytfr -- Yh d e n o t e s  t he  s a m p l e  m e a n  for s t r a t u m  

h. ( N o t e  t h a t  a s e p a r a t e  r a t i o  e s t i m a t e  is no t  
poss ib le  s ince t h e  t o t a l  va lue  of a p p l i c a b l e  i t ems  in a 
s t r a t u m  is u n k n o w n . )  

F o r  a f ixed reg ion  r and  o u t p u t  t y p e  t ,  a r a t i o  
m e a s u r e  for  (ii) is c o n s t r u c t e d  a n a l o g o u s l y  by  com- 
b i n i n g  t h e  two  f ac i l i t y  t y p e s  f -- 1,2. T h e  s i t u a t i o n  
for  (iii) is no t  as s t r a i g h t f o r w a r d .  Here ,  for  a f ixed 
reg ion  r a n d  f ac i l i t y  f, we wish  to  c o m b i n e  all t y p e s  

of  o u t p u t  for  a c o m p o s i t e  score.  B u t  t h e  d i f f e ren t  
o u t p u t  t y p e s  are  no t  e q u a l l y  i m p o r t a n t  in t h e  per-  
formalace  of  an office ( s u p e r v i s o r y  v is i t s  a re  no t  as 
i m p o r t a n t  as i s suances ,  for  e x a m p l e ) .  T h e  c o m b i n e d  
r a t i o  e s t i m a t e  gives t h e  m o s t  we igh t  to  t h o s e  
o p e r a t i o n s  w i t h  a l a rge  n u m b e r  of cases a n d  a l a rge  
t o t a l  v a l u e  vt, i.e. o u t p u t  t y p e  t has  a c o n t r i b u t i o n  to  
t h e  c o m p o s i t e  r o u g h l y  p r o p o r t i o n a l  to  t he  p r o d u c t  
(Nt / r )v t  . If  wt, t -- 1, . . . ,8,  is t he  r e l a t i v e  i m p o r t a n c e  
of o u t p u t  t y p e  t in t h e  s t a t e w i d e  overa l l  m e a s u r e ,  
t h e n  one  could  choose  vt so t h a t  t he  s y s t e m  of  
e q u a t i o n s  be low are  sa t i s f i ed :  

( v t N i . . ) / ( v k N k . . )  -- w t / w  k , all t , k = l , . . . 8 .  

Th i s  s y s t e m  has  r a n k  7 and  can be so lved  in t e r m s  of  
one  v t wh ich  can t h e n  be a r b i t r a r i l y  set .  F o r  e x a m p l e ,  
if o u t p u t  t y p e s  are  l i s ted  in t h e  o r d e r  of T a b l e  1 and  
if we t a k e  w -- (5 ,10 ,3 ,2 ,1 ,5 ,2 ,1) ,  t h e n ,  f r om T a b l e  1, 

s e t t i n g  v s -- 100, we o b t a i n  t h e  s o l u t i o n  

v ---- (Vl,...,Vs) ---- (46 ,870 ,60 ,150 ,8 ,67 ,155 ,100)  

T h u s ,  a f t e r  i n i t i a l l y  choos ing  t h e  va lues  vit , t h e y  

s h o u l d  be n o r m a l i z e d  so t h a t  v t = ~ v i t  has  t h e  
i 

p r e s c r i b e d  v a l u e  (whi le  m a i n t a i n i n g  r e l a t i v e  va lues  of 

t h e  vit w i t h i n  t y p e ) .  O b s e r v e  t h a t  t h e  n u m b e r  of  

cases of  a c e r t a i n  t y p e  var ies  c o n s i d e r a b l y  a m o n g  
reg ions .  F o r  e x a m p l e ,  a l t h o u g h  the  s t a t e w i d e  r a t i o  
of i s suances  to  s u p e r v i s o r y  v is i t s  is 1427 /1709  -- .83 
( T a b l e  1), for  reg ion  # 4 ,  chi ld  f ac i l i ty ,  t he  r a t i o  is 
.19 ( T a b l e  2), a n d  for  reg ion  # 3 ,  chi ld  f ac i l i ty ,  it is 
1.89. In t h e  c o m b i n e d  r a t i o  e s t i m a t e  for  reg ion  # 3 ,  
chi ld  f ac i l i t y ,  t h e  r e l a t i v e  we igh t s  of i s suances  to  
s u p e r v i s o r y  v is i t s  wou ld  a p p r o x i m a t e l y  equa l  

VlNl13/(vsNs13) = ( . 1 9 ) ( 4 6 / 8 )  = 1.1 ~: w l / w  5 = 5, 

r e f l ec t ing  t h e  fac t  t h a t  t he  bu lk  of t he  work  in reg ion  
# 5  is in s u p e r v i s o r y  v is i t s  so th i s  shou ld  c o n t r i b u t e  
m o r e  ( a l m o s t  as m u c h  as i s suances )  to  t he  t o t a l  
m e a s u r e  of  q u a l i t y  for  t h e  reg ion .  In s u m m a r y ,  w i th  
a p r o p e r  choice  of t he  vt, t h e  c o m p o s i t e  r a t i o  can  be 
used  to  p r o v i d e  a m e a n i n g f u l  overa l l  r eg iona l  q u a l i t y  
m e a s u r e :  

(4) R./r -- Y"fr / (Y"fr '~-  X"fr)  

T h i s  is e s t i m a t e d  f rom t h e  s a m p l e  by  
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(E4)  1~./, = E(N, j ,~ , I , ) / (  E Ntl,.(~tl r 4" f(tl,')) 
t t 

F o r  t h e  ove ra l l  s t a t e w i d e  m e a s u r e  we have  

(5) R . . . .  y .... / ( y  .... 4" x .... ) 

T h e  r e a d e r  m a y  w o n d e r  w h y  we do no t  s i m p l y  use 

R'lr = ~_,wtRtl r as t he  ove ra l l  m e a s u r e  for  reg ion  r, 
t 

f ac i l i ty  f, i n s t e a d  of  mess ing  wi th  t h e  va lue  t o t a l s .  

T h e r e  a re  t w o  reasons :  F i r s t ,  to  e s t i m a t e  th i s  q u a n t -  
i ty  r equ i res  a s e p a r a t e  r a t i o  e s t i m a t e  of  poor  s t a b i l i t y  
s ince t h e  w i t h i n  s t r a t u m  s a m p l e  sizes are  so smal l .  
Second ly ,  t h e r e  is no t  a u n i q u e  way  to  def ine  an  
ove ra l l  s t a t e w i d e  m e a s u r e  s ince 

~_,(N.fr/N.l.)I:~.lr ~: ~_,wtRtf. 
r t 

V A R I A N C E  E S T I M A T I O N  

T h e  s t a n d a r d  s a m p l e  e s t i m a t e  of  t he  v a r i a n c e  of  

t he  s imp le  r a t i o  e s t i m a t o r  (E3)  is g iven  by 

(V2)  v(l~h) = (1-nh/Nh)[{syh(1-ff~t,h)}24.(sxhI:~h) 2 

-2COV(Yh,Xh) Rh ( 1-Rh)]/[nh (Yh ~-~(h) 2] ' 

where  s 2 a n d  cov d e n o t e  t h e  s a m p l e  v a r i a n c e  and  

c o v a r i a n c e  r e s p e c t i v e l y  of  t h e  s u b s c r i p t e d  va r i ab l e s .  
T h i s  fo l lows f rom C o c h r a n  [1, p.155]. T h e  a p p r o x i -  
m a t i o n  is g e n e r a l l y  poor  for  t h e  smal l  s a m p l e s  in th i s  
s t u d y  a n d  j a c k k n i f e  (E f ron  and  S te in  [3] or  W o l t e r  
[4]) or  b o o t s t r a p  (E f ron  [2]) m e t h o d s  are  needed .  W e  
give some  re su l t s  in t he  nex t  sec t ion .  T h e  
a p p r o x i m a t e  v a r i a n c e  of  t h e  c o m b i n e d  r a t i o  e s t i m a t o r  
(E3)  of  t h e  s t a t e w i d e  m e a s u r e  for  a g iven  o u t p u t  a n d  
f ac i l i t y  t y p e  fo l lows f rom C o c h r a n  [1, p.166].  T h e  
r e su l t ,  wh ich  is u s u a l l y  a good  e s t i m a t e  of  m e a n  
s q u a r e  e r ro r  for  l a rge  t o t a l  s a m p l e  size, is 

(V3)  v( l~t / .  ) = ~_,[Nh(Nh--nh)/nh][{Syh(1--f~tI.)} ? 
r 

+(S~:h~ty.)2--2Cov(Yh,Xh)Rtl.(1--Rtf.)]/[~_, Nh(Yh'4-:Xh)] 2 
7" 

T h e  j a c k k n i f e  e s t i m a t o r s  for  t he  w i t h i n  s t r a t u m  
a n d  c o m b i n e d  r a t i o s  (2) and  (3) are ,  f rom W o l t e r  [4, 
pp.  173 and  181], 

(32) Rh = nhRh--(nh--1)~h(') 
nh ^ 

( JV2)  v ( R h )  -- [(1-nh/Nh)(nh-1)/nh] ~'~[Rh(k)--Rh(.~] 2 
k 

whe re  Rh( . )  is t h e  a v e r a g e  of  t h e  n h r a t i o  e s t i m a t e s  

Rh(k)  o b t a i n e d  by d e l e t i n g  t he  k th  case f rom the  

s a m p l e ,  k = 1 , . . . , n h. 

(J3)  R , / .  = [1 T ~ u h l R t / . -  ~ u h R t / . ( h . )  

n h 

( J V 3 )  v ( R t l .  ) = E [(uh/nh)~-, { R t l ' ( h k ) - ~ t l ' ( h ' ) }  2] 
k 

whe re  h = ( t , f , r ) ,  u h -- (nh-1)(1-nh/Nh), and  R t l . ( h . )  

is t h e  m e a n  of  t he  n h c o m b i n e d  r a t i o  e s t i m a t e s  

R t l . ( h k ) ,  k = 1 ..... nh, o b t a i n e d  by d e l e t i n g  case k in 

s t r a t u m  h f r o m  t h e  s ample .  V a r i a n c e  f o r m u l a s  for  
t h e  u sua l  a n d  j a c k k n i f e  e s t i m a t o r s  of  (4) and  (5) have  
t h e  s a m e  fo rm as t h o s e  for  (3). 

S O M E  N U M E R I C A L  R E S U L T S  
T o  i l l u s t r a t e  t h e  q u a l i t y  m e a s u r e s  a n d  v a r i a n c e  

c o m p u t a t i o n s  p r e v i o u s l y  d i scussed ,  we r e p r o d u c e  in 

T a b l e  4 be low t h e  n u m e r i c a l  r e su l t s  for  t h e  g r o u p  of  
s t r a t a  t - - l ,  f - -2 ,  r - -1 , . . . ,7  ( i s suances  for  a d u l t  fac i l i t ies  
in each  of  seven reg ions) .  T h e s e  r e su l t s  a re  for  u n -  
w e i g h t e d  check l i s t  i t ems ,  i.e., vit -- 1 for  all i a n d  t.  
( I t  is no t  easy  to  get  a dozen  peop le  to  agree  on 
we igh t s . )  F o r  s i m p l i c i t y ,  we a b r e v i a t e  h - - (1 ,2 , r )  by  r, 

a n d  wr i t e  Nt2 r = Nr, R12. = R, etc. .  R a n d  R d e n o t e  

t h e  usua l  a n d  j a c k k n i f e  e s t i m a t e s  of  R r e spec t ive ly .  
No t i ce  t h a t  t h e  s a m p l e  coeff ic ient  of  v a r i a t i o n  of  

yr4.Xr is a t  m o s t  .1 in all  b u t  one  s t r a t u m .  T h u s ,  t h e  

bias  m a y  be neg l ig ib le  ( C o c h r a n  [1, p. 178]). T h e  

j a c k k n i f e  e s t i m a t e s  Rr  are  v i r t u a l l y  i den t i ca l  w i th  t h e  

usua l  e s t i m a t e s ,  a n d  t h e  j a c k k n i f e  v a r i a n c e  e s t i m a t e s  
offer  no i m p r o v e m e n t  over  t he  usua l  v a r i a n c e  est i -  
m a t e s .  Since t h e  j a c k k n i f e  is k n o w n  to  r educe  b ias  

in m o s t  s a m p l e s ,  th i s  s u p p o r t s  ou r  c o n t e n t i o n  t h a t  

t h e  b ias  in Rr  is p r o b a b l y  negl ig ib le .  

T h e  c o m b i n e d  r a t i o  e s t i m a t e  R of  t h e  s t a t e w i d e  

q u a l i t y  m e a s u r e  for  t he  o p e r a t i o n  " i s s u a n c e  of  l icenses  

for  a d u l t  f ac i l i t i e s"  c o m p u t e d  by (E3)  and  T a b l e  4 

t u r n s  ou t  to  be R = .8700. T h e  s t a n d a r d  error  

c a l c u l a t e d  f r o m  (V3) and  T a b l e  2 is .0185. T h e  

j a c k k n i f e  e s t i m a t e  of  s t a n d a r d  e r ro r  is .0176, a smal l  

i m p r o v e m e n t .  

S U M M A R Y  A N D  C O N C L U S I O N S  

It a p p e a r s  f rom T a b l e  4 t h a t  t h e r e  is a d i f fe rence  
in q u a l i t y  a m o n g  reg ions  for  t h e  i s suance  of  a d u l t  
fac i l i t ies .  F r o m  t h e  d a t a ,  reg ions  5 and  7 are  signif-  
i c a n t l y  b e t t e r  t h a n  reg ions  1 and  4 p r o v i d e d  t h e  
v a r i a n c e  e s t i m a t e s  are  good  and  bias  is negl ig ib le .  
T h e  j a c k k n i f e  e s t i m a t o r  of  v a r i a n c e  p rov ides  on ly  a 
sma l l  i m p r o v e m e n t  over  t he  usua l  c o m b i n e d  r a t i o  
e s t i m a t o r .  C u r r e n t  work  inc ludes  t he  i m p l e m e n t a t i o n  
of  E f r o n ' s  b o o t s t r a p  m e t h o d  of  v a r i a n c e  e s t i m a t i o n  
(see [2]) for  s t r a t i f i e d  s a m p l e s  and  t h e  a p p l i c a t i o n  of  

it to  th i s  d a t a .  I n c i d e n t a l l y ,  t h e  a u t h o r s  f o u n d  n o  
di f fe rences  in q u a l i t y  for  ch i ld  ve r sus  a d u l t  fac i l i t ies ,  
so f u t u r e  s a m p l e s  need  no t  s t r a t i f y  by fac i l i ty .  T h i s  
will p e r m i t  l a rge r  w i t h i n - s t r a t u m  s a m p l e  sizes. 

M e a s u r e m e n t s ,  i.e. case reviews,  were  a s s u m e d  
per fec t  in th i s  s t u d y .  An open  p r o b l e m  is how to  
mode l  m e a s u r e m e n t  e r ro r  and  m a k e  v a r i a n c e  
e s t i m a t e s  in th i s  s i t u a t i o n .  Ana lys i s  of  t h e  re - rev iew 
s a m p l e  m e n t i o n e d  in t h e  sec t ion  on t h e  S a m p l i n g  
P l a n  is a f i r s t  s t ep  in th i s  d i r ec t ion .  
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T A B L E  1: L icens ing  P r o g r a m  O u t p u t s -  1986 

O U T P U T S / R E G I O N  # 1  # 2  # 3  # 4  # 5  # 6  # 7  T O T A L  
. . . .  

. . . .  

I s suances  094 366 028 093 119 332 142 1,427 
Closures  008 040 037 012 007 035 011 0150 
C o m p l a i n t s  022 135 196 074 043 099 084 0653 
V a r i a n c e s  021 032 035 020 023 020 024 0175 
S u p e r v i s o r y  Vis i t s  108 300 206 324 285 333 153 1,709 
A l l ega t i ons  011 159 462 052 023 183 091 0981 
Mod i f i c a t i ons  017 030 031 030 015 029 017 0169 
E a r l y  C o m p l i a n c e  007 009 029 014 010 050 012 0131 
T O T A L  O U T P U T S  0288 1,071 1,277 0619 0525 1,081 0534 5,395 

T A B L E  2: L icens ing  P r o g r a m  O u t p u t s  - Chi ld  F a c i l i t y  

O U T P U T S / R E G I O N  # 1  # 2  # 3 .  # 4  # 5  # 6  # 7  T O T A L  

I s suances  047 326 187 042 075 274 081 1,032 
Closures  007 037 028 009 004 033 008 0126 
C o m p l a i n t s  012 120 107 019 007 072 007 0344 
V a r i a n c e s  013 030 030 013 017 016 012 0131 
S u p e r v i s o r y  Vis i t s  027 209 099 222 127 242 094 1,020 
A l l e g a t i o n s  007 150 436 027 020 165 064 0869 
M o d i f i c a t i o n s  006 024 019 013 004 025 011 0102 
E a r l y  C o m p l i a n c e  007 008 020 010 007 044 009 0105 
T O T A L  O U T P U T S  126 904 926 355 261 871 286 3,729 

T A B L E  3: L icens ing  P r o g r a m  O u t p u t s  - A d u l t  F a c i l i t y  

O U T P U T S / R E G I O N  # 1  # 2  # 3  # 4  # 5  # 6  # 7  TOTAL 

I s suances  047 040 094 051 044 058 061 395 
Closures  001 003 009 003 003 002 003 024 
C o m p l a i n t s  010 015 089 055 036 027 077 309 
V a r i a n c e s  008 002 005 007 006 004 012 044 
S u p e r v i s o r y  Vis i t s  081 091 107 102 158 091 059 689 
A l l ega t i ons  004 009 026 025 003 018 027 112 
Mod i f i ca t i ons  011 006 012 017 011 004 006 067 
E a r l y  C o m p l i a n c e  000 001 009 004 003 006 003 026 
T O T A L  O U T P U T S  162 167 351 264 264 210 248 1,666 

T A B L E  4: Ana lys i s  of D a t a  for t - - l ,  f : 2 ,  r : l , . . . , 7 .  

1 2 3 4 5 6 7 t o t a l  

N~ 47 40 94 51 44 58 61 395 
nr 5 6 8 2 3 4 4 32 

~'~Yjr 127 180 244 53 102 120 128 
J 

~.xjr  46 34 26 18 5 18 9 
J 

l~r .734 .841 .904 .746 .953 .870 .934 

s2yr 28.30 5.20 21.14 0.50 1.00 4.67 8.67 

s2~r 36.70 23.47 16.50 18.00 2.33 11.67 4.92 

cov(y r ,x r )  - 2 4 . 1 0  - 1 0 . 0 0  - 1 5 . 1 4  3.00 - 1 . 0 0  - 6 . 6 7  - 6 . 0 0  

~ v ( R r )  .068 .046 .040 .058 .021 .045 .032 

cv (y r+x~)  .118 .083 .081 .100 .032. 050 .037 

R,- .732 .839 .904 .740 .952 .870 .934 

~ v ( R r )  .067 .047 .041 .059 .023 .045 .032 

572 


