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INTRODUCTION

The plan o f th i s  d is s e r ta t io n  i s  to  provide an economic an a ly s is  

of se le c ted  aspects o f the p ro fession  o f optometry. There are  fou r major 

areas o f  study. These ares the  determ inants o f the demand fo r  an optometric 

education; the  sp e c if ic a tio n  and estim ation  o f a  market model fo r  optometric 

se rv ice s ; an exam ination o f  the causes of v a r ia tio n  in  th e  incomes of 

op tom etrists  from th e i r  p ro fessio n a l p ra c tic e s ;  and a production function  

analysis of the  employment o f a s s is t in g  manpower in  optometry. These 

to p ics  were se lec ted  because th e i r  in v e s tig a tio n  should be o f in te r e s t  

to  most h ea lth  econom ists, ra th e r  than  ju s t  those with a  sp ec ia lized  

in te r e s t  in  eye ca re .

Chapter I ,  a  h is to r ic a l  sketch o f the evo lu tion  o f the  p ro fession  

of optometry, i s  in tro d u cto ry  in  nature  and should be read  before the 

remaining chapters o f  the  d is s e r ta tio n . Chapters I I I  and IV should be 

read  in  sequence because the income generating func tion  estim ated in  

chapter IV i s  derived from the market model of chapter I I I .  Chapters I I  

and V may be read  ou t o f sequence. Despite the f a c t  th a t  the  d is s e r ta tio n  

i s  a  c o lle c tio n  o f  separa te  s tu d ie s , the order o f th e i r  p re sen ta tio n  i s  a 

n a tu ra l one. From th e  h is to ry  o f the p ro fessio n , we move to  the  d iscussion  of 

the choice o f  optometry as a  p ro fessio n ; then to  the an a ly s is  o f the market 

fo r  optom etric serv ices  and o f the  causes o f v a ria tio n  in  optom etric incomes; 

and f in a l ly  we consider how e f f ic ie n t ly  optom etric serv ices  are  produced} 

w ith enphasis on the  optim al employment o f a s s is t in g  manpower.

The P rac tice  of Optometry -  An Overview

Optometry i s  a  r e la t iv e ly  small h ea lth  p ro fessio n . The mean gross



Income of the  16,000 self-employed op tom etrists  in  the  United S ta tes from 

th e i r  p ro fess io n a l p ra c tic e s  I s  approximately 50 thousand d o lla r s ,  implying 

th a t  upwards of 800 m illio n  d o lla rs  are spent annually on optometric 

s e rv ic e s .1 These f ig u re s  are small when compared to  th e  2$$,000 physicians

providing p a tie n t care and to  the  13*6 b i l l io n  d o lla rs  spent on physician
2se rv ices .

The prim ary h ea lth  serv ices provided by op tom etrists are the re f ra c tio n  

of the  eye and the  p re sc r ip tio n  and provision of lenses to  co rre c t re f ra c tiv e  

e r ro r .  Besides f i t t i n g ,  the op tom etris t may a lso  ad ju st and re p a ir  eyeglasses.

Most o p to m e tris ts , l ik e  physicians, are  engaged in  so lo  p ra c tic e s .

Only about 12 p ercen t o f  op tom etrists are in  pa rtn e rsh ip s  o r group p ra c tic e s  

as compared to  about 20 percen t of physicians in  p a rtn e rsh ip s  o r group 

p ra c tic e s . O ptom etrists who a re  a l l ie d  in  group p ra c tice s  receive h igher 

incomes than  so lo  p ra c t i t io n e r s .  The p a tte rn  i s  the  same fo r  physicians 

(see Table l ) .

There are  few s p e c ia l is ts  in  the  p ro fessio n  o f optometry. Only about 

3 .5  percen t o f  op tom etrists  sp ec ia lized  in  con tac t le n se s , v is io n  tra in in g , 

in d u s tr ia l  v is io n  o r o th e r f ie ld s .^  Most op tom etrists  a re  general p ra c t i t io n e rs ,  

concen trating  p rim arily  on examining and dispensing. F o rty -fou r pe rcen t of 

the  surveyed op tom etrists  in  the Haffner sample in d ica ted  th a t  general 

p ra c tic e  p lu s some con tac t len s  work b est described the  p ra c tic e  in  which 

they were engaged, while an a d d itio n a l 38 percen t in d ica ted  general p ra c tic e  

p lus some con tac t len s  work and some v ision  tra in in g  as th e i r  type of p ra c t ic e . '’ 

There i s  no d iffe ren ce  in  the formal education a  s p e c ia l is t  or a  general 

p ra c ti t io n e r  re c e iv e s . An op tom etrist becomes a s p e c ia l is t  by emphasizing a  

sp ec if ic  f i e ld  of optometry in  h is  p ra c tic e , such as the  f i t t i n g  and dispensing 

o f con tac t len se s .
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TABLE 1

INCOMES OF PHYSICIANS AND OPTOMETRISTS 
BY TYPE OF PRACTICE

Solo

2 P artners

3 P artners

Earnings per MD* before taxes (1969) 
Gross Net

$61, 61*0

75,51*0

72,690

$38,1*70

1*3,370

1*7,11*0

Solo

P artnersh ip  o r group

Earnings per O ptom etrist before 
taxes (1969)

Gross

$1*5,233

58 ,021*

Net 

$20,861* 

21*, 538

*  Self-employed M.D's le s s  than  age 6$.

Physician Source? Arthur Ovens, "Solo v s. P artnersh ip  s A New Economic 
Conparison," Medical Economics, March 15, 1971, p .86.

Optometric Source* Fred Chipman, "AOA 1969 Economic Survey - P a rt IV," 
Journal o f the  American Optometric A ssociation . V.l*l, 
#6, 6/70, p .552.



There are  two o th e r eye p rofessions involved in  the  d e liv e ry  o f 

eye care serv ices  in  the United S ta te s . The ophthalm ologist diagnoses 

eye d isease , p re sc rib es  medical treatm ent and performs su rg ic a l opera tions, 

and p resc rib es  eye g la sses  to  c o rre c t re f ra c tiv e  e r ro r .  The primary ro le  

o f the o p tic ia n  i s  th e  f i t t i n g  and dispensing o f eye g lasses  according 

to  p re sc r ip tio n . There are  approximately. 8,600 ac tive  ophthalm ologists 

and about 11,000 ac tiv e  op tic ians in  th e  U nited S ta te s .^



FOOTNOTES TO INTRODUCTION

In  1966} th e re  were 18,1*27 op tom etrists in  ac tiv e  p ra c tic e . 
Self-eiqployed op tom etrists  to ta le d  15,721*. (N ational Center 
fo r  Health S ta t i s t i c s , O ptom etrists Employed in  H ealth S erv ices. 
United S ta tes . 1968. Dept, of HEW p u b lica tio n  No. (HSM) 73-1803,
V ita l Health S ta t i s t i c s  -  Series ll*, #8 ). In  1969, the  mean 
annual income o f  p ra c tic in g  op tom etris ts  was 1*6 thousand d o lla rs .
(Fred Chipman, "AOA 1969 Economic Survey, P art IV ,” Journal o f 
the  American Optometric A ssociation . V. 1*1, #6, June 1970,p .551)*

S ta t i s t i c a l  A bstract o f the United S ta te s  -  1972, U.S. Dept.of 
Commerce, p .66-68. The physician  f ig u re s  are f o r  1970.

Group p ra c tic e  fig u res  fo r  optometry from ”A Survey o f O ptom etrists," 
Journal of the  American Optometric A ssociation. V.UO, #12, Dec.1969, 
p.ll9J>. Group p ra c tic e  f ig u res  fo r  physicians from Paul M. E l l  wood, 
"Impact of N ational H ealth Insurance Plans on Providers and D elivery 
Systems," in  N ational H ealth Insurance Conference Proceedings. Robt.
D. E ile rs  and Sue S. Moyerman, E d ito rs . Richard D. Irw in, 1971, p . 11*2. 
Ellwood c i te s  the  f a s t  growth of medical group p ra c tic e s  and p re d ic ts  
th a t  3 #  of a l l  physicians w ill  be in  group p ra c tic e s  by the end of 
1973.

"A Survey o f O ptom etrists,"  o p .c i t . ,  p .1191*.

Alden N. H affner, A N ational Study o f A ssis ting  Manpower in  Optometry. 
U.S. Dept, of Labor Contract DL 81-3U-70-11, August 1971. w  a  
d e sc rip tio n  of th is  da ta  s e t ,  see appendix B.

N ational Center fo r  Health S ta t i s t i c s ,  Ophthalmology Manpower " 
C h a rac te ris tic s  o f C lin ica l P ra c tic e . United S ta te s  -  19o8. V ita l 
Health S ta t i s t i c s .  S e ries  ll*. #7. March 1973. And O pticians 
Employed in  Health Serv ices. United S ta tes  -  1969. V ita l Health 
S ta t i s t i c s ,  Series U*, #3, June 1972, p .3 .



SUMMARY

In  chap ter one, the  evo lu tion  o f the  p ro fessio n  o f optometry i s  

tra ced . Optometry developed from o p tic ian ry  when soma o p tic ia n s , desp ite  

opposition  from the m edical p ro fess io n , began to  provide eye re fra c tio n s  

fo r  a fee  in  ad d itio n  to  th e i r  t r a d i t io n a l  output o f co rre c tiv e  len se s .

In  chapter two, th e  education requirem ents and p ro fessio n a l tra in in g  

o f op tom etrists  are d iscussed. The determ inants of the demand fo r  an 

optometric education are examined by specify ing  and estim ating  the demand 

re la tio n s h ip . The f i r s t  d ifference  reg ress io n  r e s u l ts  shoved th a t  the 

im portant determ inants o f th e  demand fo r  aft optom etric education are  the  

le v e l  of income earned by p ra c tic in g  op tom etris ts  and medical school 

admission requirem ents. The h igher optometric incomes and th e  lower the  

medical school acceptance r a te s ,  the g re a te r  the demand fo r  a  p ro fessio n a l 

education in  optometry.

A market model fo r  optom etric serv ices i s  sp ec ified  and estim ated 

in  chapter I I I .  The p r ic e  and income e f fe c ts  on the  demand f o r  optom etric 

serv ices a re  d i f f i c u l t  to  determine because o f m u ltic o llin e a r ity . However, 

there  i s  some evidence th a t  both the  p r ic e  and income e l a s t i c i t i e s  exceed 

those th a t  have been computed f o r  physician  se rv ic e s . The demand fo r 

optom etric serv ices i s  not s ig n if ic a n tly  re la te d  to  the  education le v e l 

o f the p o te n tia l  p a t ie n t  population  and i s  negative ly  a sso c ia ted  with the 

percent o f the population in  p ro fess io n a l or te ch n ica l occupations. Apparently, 

the  more educated and the occupational e l i t e  p re fe r  to  receive  th e ir  v is io n  

care from p h y sic ians. The demand fo r  optom etric serv ices may be as much as 

10 percent h igher in  those s ta te s  where the a d v e rtis in g  of optom etric serv ices



i s  no t r e s t r ic te d .  This i s  no t an unexpected r e s u l t ;  ad v ertis in g  should 

lower search co s ts  and help op tom etrists  a t t r a c t  p a tie n ts  from ophthalm ologists.

On the  supply s id e , op tom etrists  were found to  be q u ite  se n s itiv e  to  

p ric e  when making th e i r  lo ca tio n  d ecision . In  add ition  to  being a t tra c te d  

by higher ou tput p r ic e s ,  op tom etrists  are  a lso  drawn to  a reas  th a t  o f fe r  

those environmental advantages which are p o s itiv e ly  assoc ia ted  with median 

fam ily income. S ta te s  w ith more r e s t r i c t iv e  lic en sin g  requirem ents were 

found to  have lU percen t fewer op tom etris ts  p e r  100,000 population ,hold ing  o ther 

v a riab les  equal, than those s ta te s  w ith le s s  r e s t r i c t iv e  lic en sin g  arrangements.

The causes of th e  v a r ia tio n  in  income th a t  optom etrists  receive from 

th e i r  p ro fess io n a l p ra c tic e s  are s tud ied  in  chap ter IV. Human c a p ita l 

theory  provides the p o in t o f departure fo r  the sp e c if ic a tio n  o f the  income 

generating func tion . The reg ression  r e s u lts  show the log income-experience 

p ro f i le s  o f op tom etrists  to  be f l a t t e r  than expected fo r  a  c la s s  o f in d iv id u a ls  

with such heavy investm ents in  human c a p ita l .  Human c a p ita l  investm ents in  

in te r s ta te  m obility  by o p to m etris ts , as measured by number o f lic e n se s  he ld , 

pay o ff  in  terms of h igher optom etric income according to  the estim ated income 

generating models. C lass standing in  optometry school i s  a lso  p o s itiv e ly  

associated  w ith n e t income from p ra c tic e . Female and non-white op tom etrists  

receive lower n e t incomes than th e i r  male and w hite co u n terp arts , co n tro llin g  

fo r  a b i l i ty ,  commitment to  p ra c tic e , years o f experience and o th er v a r ia b le s .

The ex istence  of customer d iscrim ina tion  ag a in s t female and non-white 

optom etrists  may be a  p a r t i a l  exp lanation  o f why these groups are under­

rep resen ted  in  the p ro fess io n  of optometry. Jewish op tom etris ts  were found 

to  have s l ig h t ly  h igher n e t incomes from p ra c t ic e ,  although hours worked
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could no t be co n tro lled  fo r .

The reg ress io n  r e s u l ts  show th a t  the per c a p ita  number o f ophthal­

m ologists lo ca ted  in  the  community o f  p ra c tic e  o f  the  op to m etris t had a 

more adverse e f f e c t  on the  income o f the  op tom etris t than d id  the  per 

c a p ita  number of competing o p to m etris ts . One explanation o f th is  r e s u l t  

i s  th a t  many people p re fe r  to  receive  th e i r  v is io n  care from a physician , 

ra th e r  than an o p to m etris t, i f  they have the opportunity . The education 

le v e l o f the  place o f p ra c tic e  was n egative ly  r e la te d  to  the  income of 

op tom etris t. Medium fam ily income was p o s itiv e ly  assoc ia ted  w ith income 

from p ra c t ic e . O ptom etrists p ra c tic in g  in  s ta te s  w here

the  development o f commercial, r e ta i l - ty p e  p ra c tic e s  are discouraged and 

where a d v e rtis in g  i s  r e s t r ic te d  received  annual n e t incomes about f iv e  percen t 

lower than  those op tom etris ts  p ra c tic in g  in  more la is s e z  f a i r e  s ta te s .

In  chapter f iv e ,  production functions fo r  optom etric se rv ices  are 

sp ec ified  and estim ated . A nalysis o f the  f i r s t  o rder conditions o f  both 

the  Cobb-Douglas and R ein h ard t models in d ic a te s  th a t  the  average op tom etrist 

could in c rease  the  e ff ic ie n c y  of h is  p ra c tice  by expanding h is  employment 

o f  a s s is t in g  manpower. The p r o f i t  maximizing wage b i l l s  a re  a lso  ca lcu la ted  

and show th a t  the  average op tom etris t could p ro f ita b ly  employ about twice 

th e  number o f a ides he p re sen tly  does. However, these  r e s u l t s  may be 

m isleading. O ptom etrists may no t be ab le to  s e l l  a l l  the  serv ices  they 

d esire  a t  the going market p r ic e .  I t  may be optim al fo r  op tom etrists  to  

p lace  a  low value on th e i r  own time because many have some id le  hours th a t  

must be spent w aiting fo r  p a tie n ts ,  most o f which are non-appointment.



CHAPTER I  

THE HISTORY OF OPTOMETRY

A h is to r ic a l  sketch o f the  evolu tion  o f the p ro fessio n  of optometry 

p roperly  begins w ith the inven tion  o f eye g lasses about 1300. Magnifying 

len ses  were used to  s t a r t  f i r e s  a t  l e a s t  2000 years before t h i s ,  and 

undoubtedly were used as v is io n  a ids long before 1300, but th e re  i s  no 

evidence th a t  these  convex len ses  were framed and worn as eye g lasses 

u n t i l  about 1300.

The demand fo r a procedure or a device to  c o rre c t b lu rred  v is io n  

a t  c lose  range was probably as o ld  as man h im self, b u t no where was myopia 

or presbyopia more bothersome before 1300 than in  the churches and 

m onasteries, where the m ajo rity  o f reading  and w riting  was done. I t  i s  

not su rp ris in g  then th a t  the in d iv id u a l who invented spec tac les  should 

have close t i e s  to  the  church. I t  i s  no t c e r ta in  who the r e a l  inventor 

o f eye g lasses  was, bu t h i s t o r i a n  have narrowed the  f i e ld  o f possib le  

inven tors to  th re e : the English monk, Roger Bacon, the  I t a l i a n  B rother, 

Alessandro d e lla  Spina; o r the  I t a l i a n ,  Salvino d'Arm ati.

The inven tion  o f movable type followed the  inven tion  of spectacles 

by le s s  th a t  200 years and the combination of both enabled the  spread of 

the  p rin ted  word from the churches and m onasteries to  the  pub lic  a t  la rg e . 

Of course w ithout eye g lasses  the demand fo r  the p rin ted  word would not 

have been as g re a t ,  s ince many, p a r t ic u la r ly  those p a s t middle age, would 

have been unable to  read i t  without g re a t e f fo r t .  Medical men looked 

unfavorably on the  inven tion  of sp ec tac le s . Buy de Chauliac, a French 

eye s p e c ia l is t  who p rac ticed  in  the 1 3 0 0 's , wrote th a t  sp ec tac les  could 

be used, b u t only i f  the  c a re fu l use of h is  eye lo tio n s  proved 'unsuccessful



in  co rrec tin g  the v ision  d e fec t. B a rtish , who p rac ticed  in  the  l a t t e r  

h a lf  of the 16th century and i s  o ften  considered the fa th e r  o f modern 

ophthalmology because of h is  w ritings on the eye and h is  accomplishments 

in  c a ta ra c t surgery, taught th a t  eye powers and eye lo tio n s  should be used 

ra th e r  than eye g lasses to  help  p a tie n ts  see b e t te r .  B artish claimed to  

have knowledge of cases where the  use of spectacles re su lted  in  the 

d estru c tio n  o f  the eye.'*'

The discouragement o f the use of spectacles by medical eye s p e c ia l is ts

continued through the 1800 's. W eller, in  a  standard t e s t  in  1832, wrote

th a t  concave lenses deformed the eye. Wood, in  the American Encyclopedia

ofOphtfraimtlcjy o f 1919, wrote th a t  ophthalm ologists a re  "opposed to  simple

re fra c tin g  by a  q u a lified  op tom etrists  and s t i l l  re fu se  to  do the work 
3

them selves."

The r e a l  explanation fo r  the h is to r ic a l  opposition  to  eye g lasses 

expressed by medical men i s  undoubtedly an economic one. I n i t i a l l y ,  medical 

men discouraged the use of eye g lasses  because th e i r  use meant the su b s titu tio n  

of a non-medical serv ice  fo r  th e i r  powders and lo t io n s . By 1900, most 

ophthalm ologists had given up the  use o f powders and lo tio n s  to  co rrec t 

re f ra c tiv e  e r ro r ,  but s t i l l  did  not encourage the  use o f eye g lasses.

Advances in  o p tic s  and lens technology occurred outside the  scope 

of medicine u n t i l  1861*. In  1781*, Benjamin Franklin  invented b ifo c a ls  and 

in  1827, a B ritish  astronomer, Airy, invented c y lin d r ic a l  lenses to  overcome 

the v isu a l problems re su ltin g  from astigm atism .

In  1861*, a physician , Frans Cornells Donders published a major work 

which created  s c ie n tif ic  c l in ic a l  re f ra c t io n .^  Donders recognized the 

value o f spectacles and made th e i r  p re sc rip tio n  a s c ie n t i f ic  procedure. 

Eyeglasses could now be f i t t e d  to  the  in d iv id u a l and b ifo ca ls  or c y lin d ric a l



lenses or d if fe re n t len ses  fo r  each eye could be p re s c r ib e d ,if  necessary. 

Despite th is  knowledge, there  was l i t t l e  s c ie n t i f ic  re fra c tio n  o f the 

eye performed u n t i l  the 1900 's. During the  l a t t e r  h a lf  of the 18th 

century , an eye physician who believed  in  eyeglasses would u su a lly  re fe r  

a  p a tie n t who needed them to  the shop of an o p tic ia n , where the p a tie n t 

would t r y  on g lasses  u n t i l  he found the p a ir  which he lik e d  b e s t . Some 

op tic ians would perform eye examinations fo r  th e i r  customers.

The development o f the p ro fession  o f optometry in  the United S tates 

in  the  1890's was in p o rtan t to  the  eventual widespread use of s c ie n t i f ic  

c l in ic a l  re f ra c tio n  in  the p re sc rib in g  of eyeg lasses. Charles P ren tice  

i s  considered to  be the  founding fa th e r  of optometry in  the United S ta tes .

In  1892, P ren tice  was p ra c tic in g  o p tic ian ry  in  New York C ity. Unable to  

earn what he considered a s u f f ic ie n t income by ju s t  dispensing g lasses 

to  customers re fe rre d  to  him by eye physicians, P ren tice  adm inistered 

v is io n  te s ts  fo r  an ad d itio n a l fee . P re n tic e 1s p ra c tic e  of adm inistering 

an eye examination fo r a  separate  fee came to  the a tte n tio n  of Dr. D.B.St.

John Roosa, who accused P ren tice  of charging a fee  fo r  a  serv ice  re la t iv e  

to  the  p rac tice  of medicine. Roosa asked the New York County Medical Society 

to  exclude any member who sen t p a tie n ts  to  an o p tic ian  fo r  an eye examination.

Pren tice  f e l t  th a t  the th re a t from medicine made i t  im perative fo r  

op tic ian s  to  o rganize. Accordingly, the O ptical Society of the  S ta te  of 

New York was founded in  1896, w ith P ren tice  as the  f i r s t  p re s id en t. However, 

a t  the f i r s t  meeting o f the a sso c ia tio n , a statem ent by Dr. Roosa was read 

which warned th a t  any o p tic ian  who jo ined the organ ization  would be punished 

and th a t  P ren tice  was to  be ja ile d  fo r  hi6 u n e th ica l medical p ra c tic e s . 

Following the  reading o f Roosa's statem ent, the  pure ly  dispensing op tic ians



In  attendance l e f t  the  meeting and the new organization  was to  c o n sis t 

only of those o p tic ian s  who wanted to  assure themselves the r ig h t  of 

adm inistering eye examinations fo r  a fe e .

P ren tice  had to  defend h is  organ ization  and the r ig h t of op tic ians 

to  adm inister eye examinations fo r a fee  before the  Committee on Public 

Health in  Washington in  1896. His argument was th a t  spectacle makers 

and/or op tic ian s  had been responsib le  fo r most a l l  the advances in  

spec tac les  and re fra c tio n  from th e i r  invention to  Bonder's work in  1861*. 

A dditionally , he argued th a t  most re fra c tio n s  had h is to r ic a l ly  been 

performed by o p tic ian s  since  the reco g n itio n  and treatm ent of eye disease

had given and would continue to  give the eye physician  l i t t l e  tim e fo r

o p tic s .

The American A ssociation o f O pticians was founded in  1898 and soon 

became dominated by re f ra c tin g  o p tic ia n s . By 1900, the asso c ia tio n  

consisted  e n t i r e ly  of re f ra c tin g  o p tic ian s  or o p to m etris ts , and the  name 

of the o rganization  was soon changed to  th e  American Optometric A ssociation.

The scope of optometry was defined by law in  a l l  s ta te s  by 192U

and was in c lu s iv e  of the  r ig h t  to  adm inister eye examinations fo r  a fee .

In  some s ta te s ,  organized medicine attempted to  co n tro l the  new p ro fessio n . 

A law was passed in  Pennsylvania in  1913, fo r example, which gave the 

medical examining board co n tro l over any p ro fession  which the board f e l t  

to  be a branch o f medicine. The law was la te r  overturned by the  courts .
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CHAPTER n  

THE DEHAND FOR AN OPTOMETRIC EDUCATION

In  order to  p ra c tic e  optometry, an in d iv id u a l must s a t i s f a c to r i ly  

complete the  curriculum  o f an optometry school and pass a  lic e n s in g  

examination i n  the s ta te  in  which he chooses to  p ra c tic e . At le a s t  two 

years o f undergraduate schooling are  requ ired  before an in d iv id u a l can be 

considered fo r  admission to  an optometry school. However, a  s ig n if ic a n t 

number o f op tom etris ts  p re sen tly  p ra c tic in g  have completed more than two 

undergraduate years a t  a co llege or u n iv e rs ity  (see Table l ) .

The length  o f the p ro fess io n a l curriculum  in  each o f the optometry 

schools in  th e  United S ta tes  today i s  four y e a rs . I t  was no t u n t i l  the  

mid I960 '8  th a t  a l l  optometry schools had extended th e i r  curriculum s to  

four y ears . As ta b le  1 shows, most op tom etrists  p re sen tly  in  p ra c tic e  

have had a  p ro fess io n a l curriculum  o f th ree  y ears .

Of the  twelve optometry schools, s ix  a re  u n iv e rs ity  a f f i l i a t e d  and 

the  remaining s ix  are  independent p ro fessio n a l schools. There appears to  

be a  re lu c tan ce  by organized optometry to  a f f i l i a t e  a l l  th e i r  p ro fessio n a l 

schools with u n iv e rs i t ie s  because of a  fe a r  th a t  organized medicine may 

gain too much in fluence in  determ ining the scope o f optom etric education.*1 

There has been a  su b s ta n tia l v a r ia tio n  in  th e  number o f graduates 

from optometry schools since 1950. Table 2 shows the  to t a l  number o f 

s tu d en ts , number o f f i r s t  years studen ts  and number of graduates from 

optometry schools in  the  United S ta te s  fo r  the  academic years 1950-51» 

1960-61, and 1969-70. As i s  ev iden t from th e  ta b le ,  the number o f optometry 

studen ts  declined s u b s ta n tia lly  during the  1950's  and increased s u b s ta n tia lly  

in  the  I9 6 0 's .  For the  most p a r t ,  these  changes were not due to  in fluences



TABLE 1

THE EDUCATION OF PRACTICING 
OPTOMETRISTS IN 1970

Length o f Undergraduate Education

One Year 9.$t>
Two Years 39.2
Three Years 21.0
Four Years 30.3

Length of P ro fess io n a l Curriculum

Two Tear8 11.9^
Three Years 50.1
Four Years 37.1

SOURCE: A.N. Haffner and J . Sherman, A N ational Study of
A ssisting  Manpower in  Optometry. U.S. Dept, o f Labor, 
DL.&L-&-70-11-1, August, 1971.



TABLE 2

SUMMARY STATISTICS FOR OPTOMETRY SCHOOLS 
IN THE UNITED STATES, 1950-1970

Year No. o f 
Schools

No. o f 
Students

No. of 
Graduates

No. of 1 s t 
Year Students

1950-1 10 2U35 961 570*

1960-1 10 1113 321 U12

1969-70 11 2UU3 bhU 786

*  Estimated by au thor. The f i r s t  year fo r  which fig u re s  on 
the  number o f f i r s t  year studen ts could be found was 1952-53* 
In  th i s  academic year th e re  were 552 f i r s t  year s tu d en ts .

SOURCE; Pennel, Maryland and Delong, M arril, Optometric Education
and Manpower," Journal o f  the American Optometric A ssociation.
V.Ul, #11, 11/70, p.9li6 , and unpublished d a ta  from the  
American Optometric A ssociation/



on the supply s id e . The f a l l  o ff  in  the number of optometry students

in  the  1950's ,  fo r  exanple, d id  not r e s u l t  from a decrease in  the  number

o f av a ilab le  sea ts  in  optometry schools, R ather, the  f a l l  o f f  re su lted
2

from a leftw ard  s h i f t  in  demand fo r  the av a ilab le  s e a ts . With the supply 

o f  av a ilab le  se a ts  approximately fix ed  during the 1950 's and 1960 's, we 

must look to  the demand side  fo r  an explanation of the  v a r ia tio n  in  the 

number of optom etric s tuden ts.

The Demand fo r  Optometric Education

I t  i s  no t d i f f i c u l t  to  catalogue those v a riab le s  which we might 

expect to  in fluence  th e  demand fo r optometric education. C erta in ly  p rice  

( i . e .  tu i t io n  and o ther expenses), opportunity  co st and expected fu tu re  

income from p ra c tic e  should be im portant explanatory v a ria b le s  in  the 

demand re la tio n sh ip . Frank Sloan, in  h is  in v es tig a tio n  o f th e  demand fo r  

medical education, included these v a riab le s  in  h is  estim ated demand 

equations as well as a measure o f the pool o f p o te n tia l ap p lican ts  to
3

medical schools and the app lican t acceptance ra te  o f the previous year.

Sloan used a time s e r ie s  da ta  base co n sis tin g  of y early  observations from 

193U to  1966 to  estim ate  h is  demand models. Sloan found the number of 

ap p lican ts  to  medical schools, h is  dependent v a riab le , to  be qu ite  sen s itiv e  

to  h is  p ric e  o r d ire c t  educational cost v a riab le  (sp ec if ied  as tu i t io n  and 

feeB minus average s tip en d ). He concluded th a t  a d o lla r  reduction  in  p rice  

would be generated from 6 to  35 ad d itio n a l ap p lican ts . Lagged physician 

income was a lso  g en era lly  s ig n if ic a n t a t  the  le v e l in  S loan 's estim ated 

demand equations. His r e s u l ts  showed th a t  a  d o lla r  increase  in  lagged 

physician  income would increase  th e  number o f app lican ts by .3 to  1.3* 

S ta r t in g  business s a la r ie s ,  one o f S loan 's measures o f opportunity  cost 

fo r  the  medical s tu d en t, was not generally  s ig n if ic a n t in  h is  estim ated



models. The growth in  b io lo g is t 's  income, another measure o f  opportunity  

c o s t, was s t a t i s t i c a l l y  s ig n if ic a n t with the  expected negative sign. 

However, the  b io lo g is ts  income le v e l v a riab le  was not s t a t i s t i c a l l y  

s ig n if ic a n t .

U nfortunately , our area o f  in te r e s t ,  th e  demand fo r  optometric 

education, i s  no t as easy to  in v e s tig a te  as i s  the  demand fo r  medical 

education because the av a ilab le  d a ta  i s  more lim ited . There i s  i n i t i a l l y  

the problem of how to measure demand. Sloan used the number o f app lican ts  

to  medical schools as h is  measure, bu t there  has been no s im ila r s t a t i s t i c  

co lle c ted  and published by optometry schools. A dditionally , data  on the 

earnings of op tom etrists were no t co llected  re g u la rly  throughout the 

1950's and I960 's .  N evertheless, i t  i s  possib le  fo r  us to  develop a s tap le  

model o f the  demand fo r optometric education w ith in  th e  co n s tra in ts  o f the 

av a ilab le  da ta .

The Model

In our model we hypothesize th a t  the  demand fo r  optometric education 

i s  determined by p r ic e , expected fu tu re  income from p ra c t ic e , opportunity  

c o s t, the ease o f obtain ing lic e n se  to  p ra c tic e , the pool o f p o te n tia l  

ap p lican ts , and b a r r ie rs  to  en try  in to  medicine. A d iscussion  o f the  

v a ria b le s  and th e i r  sources fo llow s. Our model w ill  be estim ated over 

the twenty y ea rs , 1951-1970.

The Demand V ariable t The Number o f F i r s t  Year Students

We w ill  measure the demand fo r  optometric education by the  number 

o f f i r s t  year s tuden ts. This measure would appear to  r a is e  a l l  s o r ts  o f 

problems a t  f i r s t  glance. Obviously i f  excess demand has ex isted  in  the  

market fo r  optometric education, then we are underestim ating demand and 

using  a proxy fo r  i t  th a t  i s  determined by the  number o f availab le  s lo ts



In  optometry schools. This would c e r ta in ly  be a problem i f  we were using 

the number of f i r s t  y ear s tuden ts as a dependent v a riab le  in  estim ating  

the  demand fc r medical education. But the  market fo r  optometric education 

has more l ik e ly  been charac te rized  by excess supply ra th e r  than excess 

demand during a  good po rtion  o f  the period th a t  we are  examining. For 

example, not u n t i l  th e  academic year 1960-66, did the  number of f i r s t  year 

studen ts in  optometry schools reach the 1951-52 le v e l . Throughout the  

1950's ,  optometry schools were confronted with a declin ing  in te r e s t  in  

th e i r  programs. Hencej our measure of demand i s  n o t as weak as i t  may have 

f i r s t  appeared. The number o f f i r s t  year studen ts in  optometry schools 

was obtained from unpublished d a ta  from the  American Optometric A ssociation
0

or from Pennell and Delong's a r t i c l e  on optom etric education and manpower. 

P rice

We w ill  consider opportunity  costs  separate  from d ire c t education 

costs  and our p rice  v a riab le  w ill  include only the l a t t e r .  Because o f 

the d a ta  lim ita tio n s  we mast l im i t  our d ire c t  education costs to  the  

d iffe ren ce  between average y ea rly  tu i t io n  charges and average scho larsh ip  

fands p er studen t. Although o th er education costs  such as in c id e n ta l fees 

and books and supplies are n o t in s ig n if ic a n t ,  tu i t io n  i s  undoubtedly the 

p ric e  component to  which studen ts are most sen s itiv e . Average y early  

tu i t io n  charges and average scholarsh ip  funds per studen t were determined 

from d a ta  supplied by those optometry schools who responded to  a l e t t e r  

requesting  such inform ation. The responding schools were the Los Angeles 

College of Optometry, I l l i n o i s  College of Optometry, M assachusetts College 

of Optometry and Pennsylvania College of Optometry. A ll of the above 

schools provided th e i r  yearly  tu i t io n  charges fo r  the  two decades in  question , 

but only the  Los Angeles and M assachusetts schools provided scho larsh ip



in form ation . Their d a ta  shows scho larsh ip  support to  be n eg lig ib le

u n t i l  1967-68, when g ran ts  averaged $12l| p e r studen t a t  the  two schools.

By way o f comparison, scho larsh ip  support to ta le d  $191 per medical student

in  1966.^

Opportunity Costs

The b iggest c o s t incurred  by those who a tten d  optometry school i s

the  earnings they forego by passing  up employment o p p o rtu n itie s . C ertain ly

the  job p o s s ib i l i t i e s  are many fo r  a  studen t with two, th re e , fo u r o r

more years of co llege who i s  weighing th e  decision  o f whether to  a tten d

optometry school or n o t. To co n tro l fo r  th is  d e te rre n t to  optometry

school attendance we e n te r s ta r t in g  business monthly s a la r ie s  fo r  co llege

graduates in to  our reg ression  models. Of course, we are not making the

claim  th a t  th i s  measure of opportunity  co s t i s  com plete, but business

ca ree rs  do a t t r a c t  many students and f lu c tu a tio n s  in  s ta r t in g  business

s a la r ie s  coincide to  a t  le a s t  some ex ten t w ith f lu c tu a tio n s  in  the  economy

and hence with p rospects in  non-business c a ree rs . The source fo r  s ta r t in g

business s a la r ie s  i s  Frank E n d ic o tt 's , Trends In  Employment of College

and U niversity  Graduates in  Business and In d u s try , published each year by

N orthwestern U niversity .

Expected Future Income From P rac tice

Obviously, a  p rospective  optometry s tuden t i s  in te re s te d  in  how an

investm ent in  optom etric education would pay o ff  in  terms o f fu tu re  income.

One of the  b est in d ic a to rs  of what the fu tu re  income o f op tom etrists  i s

l ik e ly  to  be i s  th e  p re sen t y e a rly  income of op tom etris ts  and th is  v a riab le

i s  included in  the reg ress io n  models. There were fou r surveys o f op tom etrists

th a t  y ie ld ed  income fig u res  between 1950 and 1969 th a t  were used as data 
7

sources. The income fig u res  f o r  those years not covered by the surveys



were estim ated by in te rp o la tin g .

Ease of Obtaining License, to  P rac tice

The expected re tu rn  from an optom etric education i s  p a r tly  determined 

by the ease of a gaining lic e n se  to p ra c tic e  optometry. The value o f an 

optom etric education would be g rea tly  dim inished, to  say the l e a s t ,  i f  a 

graduate from optometry school was unable to  gain a  lic e n se  to  p ra c tic e .

One in d ic a tio n  of the  ease graduates from optom etric schools have in  gaining 

th e i r  lic en se  i s  the  passing ra te s  on the  n a tio n a l board examinations in  

optometry. The n a tio n a l boards are  accepted in  many s ta te s  as f u l f i l l i n g  

the  requirem ents o f the w ritten  p o rtio n  o f the  s ta te  lic en sin g  examination.

In  these  s ta te s ,  the  ap p lican t fo r  lic en se  who has passed the  n a tio n a l 

boards must pass only the  c l in ic a l  p o rtio n  o f the  s ta te  licen sin g  examination 

to  gain h is  lic e n se  to  p ra c tic e . Twenty s ta te s  in  1970 d id  not accept the 

n a tio n a l boards as f u l f i l l i n g  the  w ritten  p o rtio n  of t h e i r  s ta te  lic e n s in g
g

examination. Only 17 percen t of op tom etrists  p re sen tly  p ra c tic in g  have
9

been licen sed  by the  N ational Board.

There are two problems w ith using passing ra te s  on the n a tio n a l

boards as a  measure o f the  ease o f gaining a licen se  to  p ra c tic e  optometry. 

F i r s t ,  the  s ig n if ic a n t number o f s ta te s  th a t  do n o t accept the n a tio n a l 

boards dim inishes th e i r  im portance, p a r t ic u la r ly  fo r  those optometry 

graduates who plan  to  p ra c tic e  in  these s ta te s .  Second, the v a r ia tio n  in  

the passing  r a te s  o f those who have taken the n a tio n a l boards has n o t been 

th a t  g re a t. The c o e ff ic ie n ts  of v a r ia tio n  fo r  the  passing  r a te s  fo r  P art

I  and P a r t  I I  o f  the  n a tio n a l board examinations presented in  Table I I I

are .0f> and .06 re sp ec tiv e ly . Of course an average o f the  passing  ra te s  

fo r  in d iv id u a l s ta te  lic e n s in g  examinations would be a v a riab le  of g rea te r 

va lue , but th is  d a ta  i s  not a v a ilab le . The passing ra te s  fo r  both P a rts  I<*wd



TABLE 3

NATIONAL BOARD EXAMINATION RESULTSmx- m i J

Summary' by Year

.1 2nd Year % PassYear Part I % Pass Part I I % Pass Subt

1952 151 Not g iv en
1953 . 220 180
1954 140 8 5 .0 159 7 7 .4
1955 32 82 .9 95 8 2 .0  ' 112
1956 136 8 0 .1 126 7 4 .6 148
1957 174 85 .1 157 8 3 .2 189
1953 228 7 0 .2 159 6 5 .5 277
1959 1S4 7 2 .8 140 7 1 .4 251
1960 141 8 0 .1 147 8 1 .6 225
1961 189 8 3 .6 143 • 8 2 .5 256
1962 212 7 2 .2 189 7 2 .0 312
1963 254 ? 8 .0 218 7 6 .2 364
1964 250 7 6 .0 176 7 8 .4 371
1965 285 7 6 .5 241 7 3 .4 432
1966 347 8 0 .9 251 7 9 .8 503
1967 440 7 6 .6 337 7 7 .2 64 7 .
1968 388 8 0 .9 360 7 9 .2 637
1969 408 8 1 .7 341 8 0 .7  ’ 659
1970 460 8 1 .1 349 8 0 .5 747
1971 513 8 5 .0 429 8 2 .1 942

167 7 6 .0
235 SO.O

T o ta l

914
1177

SOURCE? Proceedings o f  the  52nd Annual H eating. 1971.
In te rn a tio n a l A ssociation of Boards of Examiners 
in  Optometry, I n c . ,  Wallace, N .C., p .29-30.



I I  o f the n a tio n a l board lic e n s in g  examination a re  en tered  in to  the 

sp ec ified  demand equation.

Pool of P o te n tia l  Optometry Students

To q u a lify  fo r  admission to  optometry school during the  195)01s and 

I960*s ,  an ap p lican t must have completed a t  le a s t  two years of undergraduate 

schooling. Many optometry s tu d en ts, however, complete th ree  or fou r years 

of undergraduate schooling and some have completed one or more years of 

non-optom etric graduate education (see Table 1, p . ) .  The b e s t measure 

of th is  pool i s  probably the  lagged value of the number o f co llege students 

in  th e i r  second, th ird ,  or fo u rth  y ears . However, th i s  d a ta  i s  not re a d ily  

av a ilab le  on a n a tio n a l b a s is , and the  measure chosen in  i t s  place i s  the 

y early  number o f bachelor degrees conferred by U.S. co lleg es  and u n iv e rs i t ie s .  

B arrie rs  to  Entry In to  Medicine

Casual empiricism, rumors and hearsay have long in d ica ted  th a t  many 

d e n tis ts  and optom etrists a re  a c tu a lly  f ru s tra te d  physicians. For one 

reason or another, the  s to ry  goes, many optom etrists  and d e n tis ts  are 

p ra c tic in g  in  a  profession  th a t  was th e i r  second choice a f te r  medicine 

during th e i r  co llege  years. Perhaps medical schools were too expensive 

or th e i r  entrance requirem ents too s tr in g e n t fo r  these  in d iv id u a ls , so they 

s e t t le d  fo r d e n tis try  or optometry. I f  th is  lin e  o f conjecture  i s  tru e ,

. we should fin d  th a t  in te r e s t  in  an optometric education in c reases as 

en try  in to  medical schools becomes more d i f f i c u l t .  To t e s t  th is  hypothesis, 

we en te r the percentage of ap p lican ts  accepted to  m edical schools in  our 

demand m o d e ls .^

Our f in a l  demand model to  estim ated over the  years 1951 to  1970 i s  

F a F ( t ,  Oy, By, NBI, NHEI, Pool, Med, Trend) where 

F ■ number of f i r s t  year students



t  " average yearly  tu i t io n  charges minus average scholarship 
funds per student

Oy a mean income of optom etrists  from th e i r  p ro fessio n a l 
p ra c tic e s

By =» s ta r t in g  business s a la r ie s  o f  college graduates

NHE ■ percen t passing p a r t  I  of n a tio n a l board examinations 
in  optometry

NBII ■ percen t passing p a r t  I I  of n a tio n a l board examinations 
in  optometry

Med a percen t o f app lican ts  accepted to  medical schools

Pool * number o f bachelor degrees conferred

Trend =» trend  v ariab le

A ll v a riab les  in  money terms have been defla ted  by the CPI, 1967 =* 100.

Regression R esults

Estim ation o f the demand models with the v a riab le s  in  th e ir  o rig in a l

form yielded  Durbin-Watson s t a t i s t i c s  between 1 .0  and 1 .5 , which did not

make i t  possib le  to  r e je c t  the hypothesis of p o s itiv e ly  au tocorre la ted

d istu rbances. The problem th a t  au to co rre la tio n  p resen ts  i s  no t b ia s  in

the  OLS estim ates of the reg ression  c o e ff ic ie n ts . Rather the variances

of the  estim ators become r e la t iv e ly  in e f f ic ie n t .  Hence, the unbiased

estim ates can d i f f e r  su b s ta n tia lly  from th e i r  tru e  va lues. Despite the

fa c t  th a t  the variances of the  reg ress io n  c o e ff ic ie n ts  y ie lded  by OLS

estim ation  are r e la t iv e ly  in e f f ic ie n t  (compared to  those re s u lt in g  from

generalized  l e a s t  squares e stim atio n ), they  a c tu a lly  underestim ate the

tru e  v a r ia b i l i ty  o f the  OLS estim ato rs. Thus, the OLS reg ression  c o e ffic ien ts

appear to  be more r e l ia b le  or o f g rea te r s t a t i s t i c a l  s ig n ifican ce  than

i s  a c tu a lly  the  case.

The so lu tio n  to  the au to -co rre la tio n  problem most o ften  applied
12i s  the f i r s t  d iffe ren ce  approach. F i r s t  d ifference  estim ates o f the
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TABLE U

THE DEMAND FOR AN OPTOMETRIC EDUCATION
1951- 1970* f i r s t  d iffe ren ce  estim ates

R2 A P rice a Incone 
o f Opto­
m e tris ts

a  Oppor­
tu n ity  
Cost

A Med. 
School 
Accept. 
Rate

(Percent)

P ercen t Passing 
N ational Boards 

A P art I  A P art I I

A Pool of 
p o te n tia l  
ap p li­
can ts

Durbin
Watson

I .58 .07
(2 .5 )

-7 .51
(-3 .2 )

2.51

I I .59 .17
(.U)

.07
(2.U)

-7 .96
(-3 .0 )

2.52

i n .58 .07
(2.U)

.001
( . 01)

-7.51
(-3 .1 )

2.1*8

IV .59 .23
( .5 )

.07
(2 .3 )

-.2 8
(- .2 )

-8 .00
(-2 .9 )

2.31

V .59 .07
(2 .5 )

-9.31
(-2 .8 )

-.2 5
( - .7 )

2.56

VI .59 .07
(2.U)

-7.1*6
(-2 .9 )

.001 -.0 5  
(.U2) (- .1 9 )

2.51*

A ll T ariab les  expressed In  money te rn s  bare been d e fla ted  by the  CPI, 1967*100.

t  s t a t i s t i c s  in  parentheses 

N * 19



demand model are  presented in  Table IV. These estim ates do no t d if f e r  

su b s ta n tia lly  from the ordinary  l e a s t  squares estim ates , although the 

Durbin-Watson s t a t i s t i c s  are now g re a te r  than two. The only two s t a t i s t i c a l l y  

s ig n if ic a n t v a riab le s  are o p to m e tris t 's  income and the medical school 

acceptance r a te .

The v a r ia b le , percen t o f ap p lican ts  accepted to  medical schools, 

was s ig n if ic a n t a t  the  1$ le v e l in  each o f  the estim ated reg ress io n s .

The r e s u l ts  in d ic a te  th a t  a one percentage po in t increase  in  the medical 

school acceptance ra te  reduced th e  number o f f i r s t  year optometry students 

by 8 to  9 during the  1950's and I960 's .  The hypothesis th a t  the  f i r s t  

caree r choice of some op tom etrists  was medicine, but th a t  s t r i c t  admission 

requirem ents prevented th e ir  en try  in to  medical school, i s  su b stan tia ted .

The income of op tom etrists  played an im portant ro le  in  a t tra c t in g  

s tuden ts to  optometry schools. A te n  d o lla r  increase in  o p to m etris ts ' 

income increased the  number o f f i r s t  year studen ts by .7 • The e la s t i c i ty  

computed a t  the means i s  1 .6 , which i s  in  the  upper range of e l a s t i c i t i e s  

im p lic it  in  S loan 's  r e s u l ts  fo r  h is  physician income v a ria b le s .

The p r ic e  v a riab le  i s  never s ig n if ic a n tly  d if f e r e n t  from zero in  

the estim ated demand models. The low p rice  e la s t i c i ty  i s  not c o n sis te n t 

w ith S loan 's r e s u l t s .  S lapn 's  p r ic e  e l a s t i c i t i e s ,  computed a t  th e  mean 

v a lu es , ranged between .6  and 3 .0 , depending on h is  model sp e c if ic a tio n .

Sloan argues th a t  many studen ts are  qu ite  sen s itiv e  to  the  s ize  o f  tu i t io n  

charges because of the  poor access these  s tuden ts have to  sources of 

ex te rn a l funds. His find ing  of a ra th e r  high p rice  e l a s t i c i ty  supports 

th i s  conclusion. One could argue however, th a t  studen ts should n o t be a l l  

th a t  sen s itiv e  to  the s ize  of tu i t io n  charges since they  only rep resen t 

a small p o rtio n  o f the  co sts  o f education, the  major po rtio n  being opportunity



c o s ts . This argument assumes a  b e t te r  func tion ing  c a p ita l  market than 

Sloan i s  w illin g  to .

S ta rtin g  business s a la r ie s ,  our measure of opportunity  c o s t, i s  

no t s ig n if ic a n t in  th e  reg ress io n  models. This r e s u l t  i s  su rp ris in g  

since the  opportunity  co sts  incurred  as a  r e s u l t  o f a ttend ing  optometry 

school would be a c ru c ia l  determ inant o f th e  ra te  o f re tu rn  to  an optom etric 

education. One explanation  o f th e  s t a t i s t i c a l  in s ig n ifican ce  of the 

v a ria b le  i s  th a t  s ta r t in g  business s a la r ie s  do no t r e f le c t  the  opportunity  

co st o f optometry school attendance.

The percen t passing e i th e r  the f i r s t  or second p a r t  of the n a tio n a l 

boards was in s ig n if ic a n t  in  th e  estim ated models.

. We discussed above the  shortcomings of these  v a riab les  as a 

measure o f the ease in  gaining a  lic en se  to  p ra c tic e  and should not be 

su rp rised  by th is  r e s u l t .

We can g e t an in d ica tio n  o f the v a l id i ty  o f  our model by comparing 

i t s  p red ic tio n s  ag a in s t the a c tu a l changes th a t  occurred in  th e  number of 

f i r s t  year studen ts during th e  19!>01s and I9601 s .  The number o f f i r s t  

year students f lu c tu a te d  from around 600 in  19E>0-$1 to  about 1*00 in  1960-61 

and back up to  over 700 in  1968-69. The estim ation  o f our model y ie lded  

two s ig n if ic a n t v a r ia b le s , the  acceptance r a te  fo r  medical school app lican ts  

and the  income of op to m etris ts . The medical school acceptance ra te  was 

in  19E>0-5l and 60i£ in  1960-61. Our reg ress io n  re s u l ts  in d ic a te  th a t 

th is  v a ria tio n  should have reduced the number o f f i r s t  year s tuden ts by 

about 216. The income of op tom etrists  increased  by about $1*000 during 

th i s  period . The product o f 1*000 and .07 , th e  income c o e f f ic ie n t, i s  28. 

Hence, the  n e t e f f e c t  o f the v a r ia tio n  in  these  two v a ria b le s , as p red ic ted



by our model, would have been to  reduce the  number o f f i r s t  year optometry 

s tuden ts by 188. This i s  very near th e  a c tu a l change th a t  occurred. The 

same analysis  was applied  to  the upward swing in  th e  number o f f i r s t  year 

students during the  I9601s .  The two s ig n if ic a n t explanatory v a ria b le s  

again had good p re d ic tiv e  power.
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Haffner, Dean, School of Optometry, S ta te  U niversity  of New 
York, and Executive D irec to r, Optometric Center o f New York.
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Medical School A pplicants", The Journal of Human Resources.
VI, #h, F a l l ,  1971.

U. By "excess supply" we mean th e re  were u n f i l le d  s lo ts  in
optometry schools a t  the going p ric e  fo r  an optometric 
education.
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V ol.26, #5, 12751, p . 263- 261*.
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c ia t io n , S t. Louis, 1959.
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m etric A ssociation . A pril 1966, p . 3^5. '
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Center o f New York.
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10. This da ta  was c o lle c ted  from annual ed itio n s  o f Earned
Degrees Conferred, U.S. O ffice o f Education.

11. This da ta  was co llec ted  from the  Journal o f the  American
Medical A ssociation , educational is su e s , published annually.

12. R. Stone, fo r  example, used f i r s t  d ifference  estim ation
ex tensive ly  in  The Measurement o f Consumer's Expenditure 
and Behavior in~*the United Kington. 1920-1938. V ol.I,195h.
F i r s t  d iffe ren ces  i s  the  s im p lified  case of generalized  
d iffe ren c es . To use the  generalized  d ifference  technique



one hypothesizes th a t  the  e rro r  terms are re la te d  so th a t

" t  -  P Ut-1  + Vt  
E (Vt ) -  0

E (Vt Vt+J) -  c ; 2 j -  o

-■ o  jX O

£ f  we assume a  s i m p l e  l in e a r  model a t  time t  of 

( l )  Yt  -  a- + B x t  * Dt

then the same s tru c tu ra l  re la tio n sh ip  should hold in  period  t  -  1

Yt- 1  " a‘ + B * t - l  + Ut-1

M ultip lying each side o f th is  expression by P and then su b trac tin g  
i t  from ( l )  y ie ld s

Tt  -  P -  <M l-P) + B (X t-PX t.!)

+ U t  -  pU- t - l

=* CL (1-P) + B (X t-PX t.!) ^  %

One can use ordinary le a s t  squares to  estim ate  th is  re la tio n sh ip  
given knowledge o f P and our p rev iously  s ta te d  conditions on Vt. 
Without knowledge o f  P, the  f i r s t  d ifference  approach i s  o ften
used, th a t  i s ,  P i s  assumed to  equal 1. This assumption p resen ts
problems, however, because i f  P»1 the e rro r  term  would explode as 
t  ge ts  la rg e  and th e  re la tio n sh ip  between Y and X would be d i f f i c u l t  
to  determ ine. I f  P " l,

U  t  “ ^ t - l  + Vt

■ Ut-2  + vt_ i  + Vt

-  *  v2 . . .  vt-1 + vt

V a r ( ^ )  -  t

The f a i l  safe  provision  o f r a th e r  questionable lo g ic  th a t i s  
employed to  overcome the problem of exploding variance i s  th a t  
P i s  a c tu a lly  le s s  than one and the assumption th a t  Pal  i s  only 
an approximation which enables the  in v e s tig a to r  to  use the f i r s t  
d iffe ren ce  technique.



W ithout knowledge of P , th e re  are few options o ther than 
f i r s t  d iffe ren ces . One can estim ate P by using the  re s id u a ls  
re s u lt in g  from the  OLS estim ate  o f the o r ig in a l s tru c tu ra l  
re la tio n sh ip . But the  c o e ff ic ie n t obtained by estim ating  
the re la tio n sh ip

w ill  be a  b iased estim ate o f P because the  OLS re s id u a ls  
w ill  d if f e r  su b s ta n tia lly  from the tru e  re s id u a ls  because 
of the problem o f a u to -co rre la tio n .

This d iscussion  has been ab strac ted  from the an a ly sis  of 
the au to -co rre la tio n  problem in  R .J . Wonnacott and T.H. 
Wonnacott, Econometrics. John Wiley & Sons, 1970.



CHAPTER III

THE MARKET FOR OPTOMETRIC SERVICES 
IN THE UNITED STATES

In  th is  chapter ire specify  and estim ate a  market model fo r  

optom etric se rv ice s . I t  i s  only w ithin  the context of such a model 

th a t  many of th e  more in te re s t in g  questions re la t in g  to  the p ra c tic e  

of optometry can be p roperly  approached.

Although there  have been no previous a tte n p ts  to  estim ate 

market models fo r  optom etric se rv ice s , th e re  i s  some medical economics 

l i t e r a tu r e  on th e  physician lo ca tio n  decision  and on the  market fo r  

physic ian  se rv ice s . The in te r e s t  in  th e  physician  lo ca tio n  d ec is io n  

and the market fo r  physician  serv ices grew out of the concern over the 

uneven d is tr ib u tio n  of physicians in  th e  United S ta te s . I t  would be 

appropria te  here to  examine th is  concern and review the re lev an t 

l i t e r a tu r e .

The d isp a r ity  in  physician-population  r a t io s ,  p a r t ic u la r ly  between 

urban and ru r a l  a reas , has led  many h e a lth  economists to  the  conclusion 

th a t  a  m ald is trib u tio n  o f physicians e x is t s .^  In  1971, fo r  example, the 

mean number o f  physicians per 100,000 population in  ru ra l  s ta te s  was 

93.5 , as conpared to  125.8 in  urban s ta te s  (see Table l ) .  The re la t iv e  

s c a rc ity  of physicians in  ru r a l  areas i s  magnified when i t  i s  considered 

th a t ru r a l  physicians a re  few not only on a  per c ap ita  b a s is  but a lso  

s p a c ia lly . R ural physicians also tend  to  be o lder and hence may be le ss  

productive ?
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TABLE I

PHYSICIANS IN PATIENT CARE PER 100,000 
POPULATION IN URBAN AND 

RURAL STATES,1971

Urban S ta tes* Rural S ta tes*

M assachusetts 171 Maine 98
Rhode Is lan d 11*2 New Hampshire 116
Connecticut 163 Vermont 1U5
New York 198 Iowa 91
New Jersey 128 N. Dakota 85
Pennsylvania 132 S. Dakota 73
Ohio 117 Nebraska 99
I l l i n o i s 122 Kansas 103
Michigan 111 W. V irg in ia 95
Wisconsin 109 N. C arolina 9k
Minnesota 129 S. C arolina 85
Indiana 90 Georgia 96
Delaware 121 Kentucky 91
Maryland 157 Tennesse 101;
Washington,D.C. 310; Alabama 80
V irg in ia 110 M ississipp i 75
F lo rid a 122 Arkansas 82
Texas 105 Louisiana 107
Colorado lU8 Oklahoma 88
Arizona 123 Montana 98
Utah 122 Idaho 86
Nevada 100 dom ing 89
Washington 127 New Mexico 101
Oregon 12U Alaska 80
C alifo rn ia 166
Hawaii 137 Mean**- 93.5
M issouri 111

Mean*** 125.8

* S ta te s  which f a l l  in to  urban category have 55^ or more
o f t h e i r  population In  m etropolitan  a re a s .

** S ta te  observations weighted by 1970 populations.

SOURCE* D is trib u tio n  o f  Physicians In  the  U .S ., 1971.
Center fo r  H ealth Serv ices, Research and Development, 
AHA, Chicago, 1973.



Rural areas are  n o t th e  only p laces  w here physicians are  r e la t iv e ly  

sca rce . Physicians have a lso  shown a re luctance  to  p ra c tic e  in  urban 

g h e tto s .

This "m ald istribu tion" o f physician  serv ices  i s  s im ila r  to  the 

d is t r ib u t io n  o f many o ther goods and serv ices  in  the United S ta te s . The 

heightened concerned th a t  e x is ts  over the  uneven d is tr ib u tio n  o f physician  

se rv ices  re s u l ts  from th e  f a c t  th a t  consumption o f  medical se rv ice s  i s  

considered more necessary than the consumption of most o ther goods and 

se rv ice s . There have been severa l attem pts to  id e n tify  the determ inants 

o f  physician  lo ca tio n  by estim ating  models o f the  demand and supply of 

physic ian  se rv ice s .

Benham, Maurizi and Reder analyzed the m igration and lo c a tio n  

p a tte rn s  of physicians and d e n tis ts  between 1930 and i 960 and concluded 

th a t  physicians and d e n tis ts  have m igrated in  response to  the  demand fo r  

th e i r  se rv ice s .^  Their c ro ss sec tion  reg ress io n  r e s u l t s  showed th a t  

th ese  h ea lth  p ro fessio n a ls  were p a r t ic u la r ly  s e n s itiv e  to  popu la tion , and 

secondarily , p e r  c ap ita  income, when making the choice o f the  s ta t e  in  

which to  e s ta b lis h  th e i r  p ra c tic e s .

Fuchs and Kramer brought the demand and supply s ides to g e th e r by 

estim ating  a m ulti-equation  model o f th e  market fo r  physician  se rv ic e s , 

across s ta t e s ,  using 1966 d a ta . '’ They concluded th a t  the physicians 

average fe e , the h o sp ita l bed supply, per c ap ita  income and the  presence 

o f  medical schools were the  prim ary determ inants of physician  lo c a tio n .



On the  demand s id e , per c a p ita  income, the p rice  o f physician  se rv ice s , 

h ea lth  insurance coverage, th e  per c a p ita  number o f physicians and the 

number of h o sp ita l beds vere im portant in  explaining the  u t i l iz a t io n  

of physician  se rv ice s .

Fuchs and Kramer could find  no evidence to  support the notion 

th a t  the re s id e n ts  of those s ta te s  where the  consumption of physician  

se rv ices  i s  r e la t iv e ly  low a re  in  poorer h ea lth  as a r e s u l t .  However, 

th e i r  measures of h ea lth  -  th e  unadjusted death ra te  and the in fa n t 

m o rta lity  ra te  -  were adm ittedly crude.

The d is tr ib u tio n  o f op tom etrists  in  the United S ta tes  between 

urban and r u r a l  areas i s  more uniform than i s  the  case fo r  physicians.

In  ta b le  2, s ta te s  are c la s s if ie d  as urban or ru ra l ,  and the number 

o f op to m etris ts , ophthalm ologists and o p tic ian s  per 100,000 population 

are  presented . There are 9.7 ac tive  op tom etrists p e r 100,00 population 

in  urban s ta te s  as compared to  9.1 in  r u r a l  s ta te s .®  A much la rg e r  

d isp a r ity  e x is ts  in  ophthalmology manpower between urban and ru ra l  

s ta te s .  There a re  1*.8 ac tive  ophthalm ologists per 100,000 population 

in  urban s ta te s  and 3*6 per 100,000 in  ru r a l  s ta te s .  This i s  no t a 

su rp ris in g  discrepancy given the  research  summarized above which in d ica ted  

physicians p re fe r  to  lo cate  near medical schools and h o sp ita ls , as well 

as in  high per c a p ita  income a reas. A ll of these  in fluences would a t t r a c t  

the  physician  to  the urban a re a . O pticians are a lso  concentrated in  

urban s ta te s ,  w ith 7 .0  ac tiv e  p ra c ti t io n e rs  per 100,000 population , as 

compared to  U.2 per 100,000 in  ru ra l  s ta te s .

The d is tr ib u tio n  o f op tom etrists  becomes uneven, however, when the  

United S ta tes  i s  considered by geographic region (see Table 3 ). The 

southern region contains only 6.8 op tom etris ts  per 100,000 population



TABLE 2

EYE MANPOWER PER 100,000 POPULATION 
IN URBAN AND RURAL STATES,1968

O ptom etrists Ophthalmologists O pticians 
Rural S ta tes*  p er 100,000 p e r 100,000 per 100,000

Maine 12.0 U.o 1.0
New Hampshire 10.0 3.9 U.2
Vermont 8.9 U.6 1.8
Iowa 12.1 3.7 6.1
N. Dakota 11.8 3.3 3-3
S. Dakota Hi.2 3.3 5.7
Nebraska 10.8 3.8 7.9
Kansas 10.1 3.U U.3
W. V irg in ia 8.1 3.5 3.U
N. C arolina 6.U 3.5 3.2
S. C arolina 6.0 2.8 2.2
Qeorgia 5.9 3.2 5.6
Kentucky 7.2 3.0 5.0
Tennesse 7.6 3.3 U.2
Alabama 5.2 2.5 U.7
M ississipp i 5.2 2.7 2.7
Arkansas 7.7 2.1 1.7
Louisiana 6.1 U.2 U.l
Oklahoma 9.9 3.9 5.1
Montana 12.9 5.7 7.7
Idaho 12.2 U.8 2.9
Wyoming 12.9 5.0 2.5
New Mexico 7 .3 U.6 U.9
Alaska 7.0 2.1 5.6

Means** 9.1 3.6 U.2



TABLE 2 -  C o n tin u ed

Urban S ta te s* ’
O ptom etrists 
per 100,000

Ophthalmologi s t  s 
per 100,000

O pticians
per 100,000

M assachusetts 13-3 5.2 8.7
Rhode Is land 15.0 3.6 7.5
Connecticut 8.8 5.2 6.7
New York 8.8 5.6 7.U
New Jersey 9.6 U.U U.8
Pennsylvania 9.8 5.0 5.9
Ohio 8.9 3.7 5.3
I l l i n o i s 1U.0 3.9 3.9
Michigan 8.2 3.9 U.2
Wisconsin 10.2 U.o 5.6
Minnesota 9.7 U.o 7.7
Indiana 10.1 3.5 U.1
Delaware 6.7 U.o 9.0
Maryland U.8 U.5 8.5
Washington D.C. 9 .0 10.3 17.6
V irg in ia 6.2 3.7 5.7
F lo rid a 8.1 U.9 6.9
Texas 7.0 3.7 6 .1
Colorado 9.U 6.1 12.5
Arizona 10.9 7.8 6.5
Utah 7.2 U.6 11.3
Nevada 8.2 3.6 5,1
Washington 11.9 5.0 5.U
Oregon 13.7 5.5 5.2
C alifo rn ia 11.9 5.7 3.8
Hawaii 8.9 U.2 7.5
M issouri 9.5 U.2 6.0

Means** 9.7 U.8 7.0

*  A ll s ta te s  th a t f a l l  in to  th e  urban category  hare 55^ or
more o f th e i r  population  in  urban a reas .

** S ta te  observations weighted by population.



TABLE Z -  C o n tin u ed

SOURCE? O ptom etrists Employed in  H ealth  S erv ices. United S ta te s .1968. 
Dept, o f Healthy Education and Welfare p u b lica tio n  # (riSM; 
73-1803, V ita l  H ealth S ta t i s t i c s  -  S e rie s  ill, #8.

O pticians Employed in  Health S e rv ice s fPnited S ta te s .  1969. 
Dept, of H ealth , Education and Welfare pu b lica tio n  ¥  ( HSM)
72-10$2, V ita l Health S ta t i s t i c s  -  S eries  lU, #3 , p .8 -9 .

Ophthalmology Manpower ? C h a rac te ris tic s  of C lin ic a l P ra c tic e . 
U nited S ta te s . 1968. Dept7 of H ealth. Education and W»lfare 
p u b lica tio n  # (HSli) 73-1802, V ita l  H ealth S ta t i s t i c s  -  S e ries  
1U, #7.



TABLE 3

DISTRIBUTION OF ACTIVE EYE PROFESSIONALS 
BY GEOGRAPHIC REGION,

O ptom etrists 
per 100,000 
population

Ophthalmologists 
per 100,000 
population

O pticians 
per 100,000 
population

N ortheast 9.9 5 .1 6.5

North C entral 10.6 3 .8 3 .0

South 6.8 3.7 5.2

Vest 11.2 $ .k It.9

SOURCEt O ptom etrists Employed In  Health Serv ices. United S ta tes , 1968.
Dept, o f H ealth, Education and Welfare p u b lic a tio n  § (HSM)
73-1803, V ita l Health S ta t i s t ic s  -  S e ries  l i t ,  #8.

O pticians Employed in  Health Services .U nited S ta te s . 1969. 
Dept, o f H ealth, Education and Welfare p u b lica tio n  # (HSM) 
72-1052, V ita l Health S ta t i s t i c s  -  S e rie s  lit, #3, p .8 -9 .

Ophthalmology Manpower : C h a ra c te r is tic s  of C lin ic a l P rac tic e , 
United S ta te s . 19o8, Dept, of H ealth, Education and Welfare 
p u b lica tio n  # (HSM) 73-1802, V ita l  H ealth S ta t i s t ic s  -  S eries 
lit, 1f t .



as compared to  around 10 op tom etrists per 100,000 in  the r e s t  o f the 

country. Ophthalmologists are  a lso  under-represented in  the  South. The 

in te r-re g io n  d iffe ren ces  in  optom etric manpower are  re f le c te d  in  the 

d iffe ren ces  in  the q u an tity  o f optom etric serv ices consumed by reg ion  

(see Table li). I n  the southern s ta te s  only  7 .9  v isu a l exam inations per 

100 population were supplied by op tom etrists  in  the  mid I9 6 0 's . The 

comparative fig u re  fo r  the  o ther regions o f the United S ta te s  a l l  exceeded

10. These re la te d  issu es  — the d is tr ib u tio n  o f eye care  manpower and 

the  v a ria tio n  in  the consumption of optom etric se rv ice s  by s ta te s  — are 

two o f the areas th a t  the estim ation  and sp ec if ic a tio n  o f  a m ulti-equation  

model of the market fo r optom etric serv ices enable us to  in v e s tig a te .

W ithin the context of the model we are ab le  to  examine a  broad range of 

hypothesis th a t  w ill be o f  in te r e s t  to  observers o f the d e liv e ry  o f eye 

care in  the United S ta tes  and to  health  economists.

S p ec ifica tio n  of the model

Our model co n sis ts  of th ree  equations and one id e n t i ty  th a t  incorporate 

four endogenous v a ria b le s . The f i r s t  o f  the th ree  equations i s  a demand 

equation fo r  optom etric se rv ice s . The f in a l  two equations describe  the 

supply of optom etric serv ices and co n s is t o f a lo c a tio n  equation  and 

workload equation. The model i s  sp ec ified  below. I t  i s  very s im ila r  to
"7

the model estim ated fo r  physician  serv ices  by Fuchs and Kramer.

C lerk, Oph, O pti, N orst)

( 2)

( 3 )  Work 3 Work (?!) 

(4 0  Qd 2 Opto • Work

School)

Qjj, P , Opto, Work-endogenous v a ria b le s ,

Qd “ qu an tity  o f optom etric serv ices  demanded per
100,000 population
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TABLE U

VISUAL EXAMINATIONS SUPPLIED BY OPTOMETRISTS 
PER 100 POPULATION, BY REGION 

AND STATE*

N ortheast

Maine lU .8
M assachusetts 11.8
Connecticut 9 .2
New York 11.2
New Jersey  8 .3
Pennsylvania 10.1

Mean** 10.5

South

Maryland 6.U
V irg in ia  7.7
W. V irg in ia  8.8
N. C arolina 7 .0
S. Carolina 5-7
Georgia 6 .9
F lo rid a  7 *8
Kentucky 8.7
Louisiana 6.3
Tennessee 9.7
Arkansas 7.3
Oklahoma 9*2
Texas 9.2

Mean** 7.9

North C entral

Ohio 9.1
Indiana 10.2
I l l i n o i s  15.3
Michigan 9 .6
Wisconsin 10.7
Minnesota 9 .8
Iowa 13.1
M issouri 9 .6
Nebraska 9.6
Kansas 12.3

West

Washington 10.6
Oregon 9-5
C alifo rn ia  10.3

Ms an** 10.3

Mean** 11.1



TABLE U -  C o n tin u ed

* The number o f v isu a l examinations provided per 100 population  
was computed by m ultip lying the annual average number o f  v isu a l 
examinations provided p er op tom etrist in  each s ta te  by 
~f*he number o f p ra c tic in g  op tom etrists  p e r 100 popu la tion .
The annual average number o f v isu a l examinations provided per 
op to m etris t was determined by averaging by s ta te s  the  annual number 
o f  v is u a l  examinations performed by those op tom etris ts  who responded 
to  th e  American Optometric A sso c ia tio n 's  survey o f o p tom etris ts , 
196U. The sm aller populated s ta te s  in  which le s s  than  fo r ty  
op tom etris ts  responded to  the  ADA survey were excluded from the 
ta b le .  Thirty-tw o s ta te s  had fo r ty  o r  more respondents. The 
number o f a c tiv e  op tom etrists per 100 population , by s ta te ,  was 
obtained from the  1968 n a tio n a l v is io n  and eye care manpower 
survey, N ational Center fo r  H ealth S ta t i s t i c s .  The AOA survey 
d a ta  i s  described in  Appendix A. The sources fo r  the  n a tio n a l 
v is io n  and eye care manpower survey a re  l i s t e d  in  ta b le  2.

** S ta te  observations weighted by population .



P 3 p rice

Y * Median Family Income 

Age 3 percen t o f the population 65 xj-over

NW 3 percen t o f the  population non-white

Ed 3 percen t o f the population w ith 1-3 years o f co llege

VC 3 percen t o f employed in  white c o lla r  occupations

Prof 3 percen t o f the employed in  p ro fess io n a l, tech n ica l or 
kindred occupations

Clerk 3 percen t o f the employed in  c le r ic a l  occupations 

Oph 3 ophthalm ologists per 100,000 population

Opti 3 o p tic ian s  per 100,000 population

Norst 3 a d v e rtis in g  r e s t r ic t io n  dummy,
1 3 No s ta te  r e s t r ic t io n s  on ad v ertis in g

Opto 3 op tom etrists  per 100,000 population

Work 3 average annual number o f v isu a l exams performed by 
op tom etrists

License 3 N ational board lic e n s in g  dummy 
1 3 n a tio n a l boards no t accepted

School 3 Number of graduating op tom etrists  from optometry schools 

The model w ill  be estim ated across 32 s ta te s ,  using p rim arily  1968 da ta . 

U nfortunately , date  lim ita tio n s  n e c e ss ita te  the combining o f sources from 

sev e ra l d if f e re n t  y ears . The d if fe re n t d a ta  sources and the se le c tio n  

process o f  those s ta te s  which serve as our u n its  of observation  are  described 

below as the model i s  d iscussed in  d e ta i l .

Q uantity o f Optometrie Services Demanded Per Capita

Our q u an tity  measure o f the p er c a p ita  consumption o f optom etric 

se rv ices  by s ta te  i s  computed by m ultip ly ing  the  annual average number of 

v isu a l examinations provided per op tom etrist in  each s ta te  by the  number 

of p ra c tic in g  op tom etris ts  p e r  100,000 population . The annual average



number o f v isu a l examinations provided per op tom etrist was determined 

b j  averaging by s ta te s  the annual number o f v isu a l examinations performed 

by those optom etrists viio responded to  the American Optometric A sso c ia tio n 's
g

survey of op to m etris ts , 1961*. The sm aller populated s ta te s  in  which le s s

than fo r ty  op tom etrists  responded to  the  AOA survey were excluded from

the  cross sec tio n . Thirty-tw o s ta te s  had fo r ty  or more respondents. The

number of a c tiv e  op tom etrists per 100,000 population , by s ta te ,  was

obtained from the 1968 n a tio n a l v is io n  and eye care manpower survey,
9

N ational Center fo r  Health S ta t i s t i c s .

There are  then two sources of p o te n tia l  b ias in  the q u an tity  

measure. F i r s t ,  we are  rep resen ting  the output of an o p to m e tris t 's  

p rac tice  by th e  number o f v is u a l examinations performed. Since the output 

o f an optom etric p ra c tic e  i s  g en era lly  a jo in t  product co n sis tin g  of 

v isu a l examinations and co rrec tiv e  le n se s , we must make the n o t unreasonable 

assumption th a t  each op tom etris t provides n e a rly  the same proportion  o f 

eye g lasses to  v isu a l examinations and th a t d iffe ren ces  in  th is  proportion 

are random throughout our cross sec tio n  of o p to m etris ts . The o ther problem 

w ith our q u an tity  measure r e s u l ts  from the f a c t  we must use 1961* da ta  in  

conjunction with 1968 data  to  determine the p e r c ap ita  q u an tity  of serv ices 

provided. A b ias  in  our qu an tity  measure i s  introduced i f  changes occured 

in  the average number of v isu a l examinations performed by o p to m etris ts , 

by s t a t e ,  between 1961* and 1968. There i s  no way to  determine the  ex ten t 

of such changes.

A w e ll-sp ec ified  demand equation would include p rice  of the  product, 

the income o f p o te n tia l  consumers, the  p rices  of su b s titu te s  and complements 

and ta s te  v a ria b le s . Our demand equation f a l l s  somewhat sho rt of th is  

id e a l. The p ric e  v a riab le  i s  derived from th e  1961* AOA survey o f o p tom etris ts .



The p rice  o f optom etric serv ices in  any s ta te  i s  determined by confuting 

th e  average gross annual income per v isu a l examination o f the responding 

op to m etris ts , weighted by the  number of examinations performed.

We cannot include the p ric e  o f the competing eye care serv ices

offered by ophthalm ologists and o p tic ian s  because the da ta  i s  no t av a ilab le .

However, we can include the number of these competing eye p ro fessio n als

p er 100,000 population in  the demand equation in  the  hopes of gaining some

id ea  of the  s u b s t i tu ta b i l i ty  o f the serv ices o f the  d if fe re n t eye p ro fessions.

I t  may be tru e  th a t  the g rea te r the number of opthalm ologists and op tic ian s

p e r 100,000 population in  a s ta te ,  the  lower the  p rice  o f th e ir  se rv ice s ,

p a r t ic u la r ly  with the  socioeconomic v a riab les  held  constan t th a t  a re

included in  the demand equation fo r  optometric se rv ices . The number of

op tic ians p e r 100,000 population and the  number o f ophthalm ologists per

100,000 population must be assumed exogenous in  the  model. These v a ria b le s

should r ig h t fu l ly  be considered endogenous and our simple market model fo r

optom etric serv ices should id e a lly  be expanded to  include separate  supply

and demand equations fo r  the serv ices o f o p tic ian s  and ophthalm ologists.

U nfortunately , th is  more complete model cannot be sp ec ified  because p rice

and quan tity  da ta  fo r  the  o ther eye p rofessions are not av a ilab le . The

number of ophthalm ologists and o p tic ian s  per 100,000 population were

obtained from the  1968 n a tio n a l v is io n  and eye care manpower survey,
10

N ational Center of H ealth S ta t i s t ic s .

A dumny v a riab le  i s  included in  the  demand equation which takes on 

a value o f one fo r  those s ta te s  th a t  d id  not r e s t r i c t  the ad v ertis in g  of 

optom etric serv ices . The ad v ertisin g  of optom etric serv ices should reduce 

th e  co st o f these serv ices to  consumers. Search co sts  are obviously reduced



by ad v ertis in g . A dvertising can provide the  p rice  and term s of sa le  as 

w ell as inform ation on the sup p lie rs  id e n ti ty , lo ca tio n  and r e l i a b i l i t y .

Lee Benham has shown th a t  ad v ertisin g  a lso  lowers the p ric e  paid by 

consumers fo r  eyeglasses because i t  s tim ula tes  p r ic e  com petition among 

s e l le r s .^  Holdings p r ic e  constan t, the  e f fe c t  o f the  r ig h t to  ad v ertise  

should be to  s h i f t  the  demand curve fo r  optom etric serv ices to  the r ig h t  

because i t  lowers the inform ation costs  faced by consumers and may a lso  

enable optom etrists to  more e ffe c tiv e ly  compete w ith ophthalm ologists fo r  

p a tie n ts  seeking co rrec tiv e  len se s . Ophthalmologists, l ik e  a l l  physicians, 

cannot ad v ertise  as a condition o f lic e n se .

Those s ta te s  no t r e s t r ic t in g  ad v ertis in g  were determined from 

Lee Benham's c la s s if ic a t io n  of s ta te s  in  accordance with the r e s t r ic t io n s  

placed on the ad v ertisin g  of eyeg lasses. Benham constructed the s e r ie s  

by examining s ta te  law s, by in terview ing op tom etrists and members o f 

s ta te  optometry boards, and by searching newspapers fo r eyeglass advertisem ents.

Several socioeconomic v a riab le s  have been sp ec ified  in  the demand 

equation. The age d is tr ib u tio n  v a ria b le , percen t o f the population  65 

and over, was included in  the demand re la tio n  because the  need fo r ,  and 

u t i l i z a t io n  o f , co rrec tiv e  len ses  increases d ram atically  w ith age. Table 5 

p resen ts  the v isu a l acu ity  of ad u lts  by age fo r  uncorrected d istance  and 

near v is io n  in  the United S ta te s . As is  ev iden t from the ta b le , near 

v is io n  d e te r io ra te s  q u ite  rap id ly  a f te r  the age o f 3U, w ith 90f> o f ad u lts  

having v isu a l acu ity  o f le ss  than  lU /lli between the ages o f U5 and 5U- 

The same p a tte rn  holds fo r  d is tance  v is io n , although the r a te  of d e te r io ra tio n  

i s  no t as g re a t. With th is  background, i t  i s  not su rp ris in g  to  fin d  th a t  

the u t i l i z a t io n  of co rrec tiv e  lenses increases markedly with age, with



TABLE $

Age

18- 21* 

25- 31* 

35 - 1*1* 

U5-51* 

55- 61* 

65 - 71* 

75-79

Age.

18 - 21*

25 - 31*

35 - 1*1*

1*5 - 51*

55 - 61*

65 - 71*

75-79

VISUAL ACUITY OP ADULTS, 
UNITED STATES,1960-62

DISTANCE VISION 

% D is tr ib u tio n  

Less than 20/20 Less than 20/30

25* 16*

22* 13*

23* 13*

55* 33*

79* 58*

9U* 71**

98* 86*

NEAR VISION 

Less than llt/ll*

17*

17*

32*

90*

99*

Less than  ll*/21 

8*

10*

18*

79*

96*

SOURCE* Binocular V isual Acuity o f A dults, U.S. 1960-62, 
N ational Center f a r  Health S ta t i s t i c s ,  Series 11,
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about 9 $  o f ad u lts  having eyeglasses by the  age o f 60 ( see Table 6 ). 

Consequently, we would expect th a t  the  o ld e r th e  population the  op tom etrist 

serv es , th e  g re a te r  should be the demand fo r h is  se rv ice s .

The race v a r ia b le , p ercen t non-w hite, i s  included as sin independent 

v a riab le  because o f the  evidence o f White-Negro d iffe ren ces  in  uncorrected 

visusil a cu ity . Table 7 p resen ts  th is  evidence which i s  s tro n g est in  the 

conpariBon o f the percentage of white and Negro males w ith v is u a l acu ity  

of 20/30 o r b e t te r .  For example, a t  the age o f 50, about 9C$ of Negro 

males had uncorrected  d istance v is io n  o f 20/30 o r b e t te r  as compared to  

le s s  than 7 #  of the  white male population o f th e  same age. White-Negro 

d iffe ren ces  become most pronounced when we consider individustls w ith poor 

d istance  v is io n . Table 8 shows the  percent o f the  white and Negro populations 

w ith uncorrected d istance  v isu a l acu ity  o f 20/100 or le s s ,  by age fo r  men 

and women. At every age le v e l , a g rea te r percentage o f whites than Negroes 

have uncorrected  d is tan ce  v is io n  of 2OA00 or le s s .  To t e s t  whether 

d iffe ren ces  in  r a c ia l  composition a c tu a lly  t r a n s la te  in to  d iffe ren ces  in  

the  demand fo r optom etric se rv ice s , the  percen t of the population  th a t  i s  

non-white i s  en tered  in to  the demand equation.

Table 9 shows the  percent of the population with c o rrec tiv e  lenses 

by fam ily income and education, age ad justed , fa r  Ju ly  1965 to  June 1966.

I t  i s  c le a r  th a t  the u t i l i z a t io n  o f co rrec tiv e  lenses in c reases  with fam ily 

income and education, bu t i t  i s  not ev iden t from the ta b le  whether the 

income e f fe c t  r e s u l ts  from the h igher educational le v e ls  assoc ia ted  w ith 

h igher income in d iv id u a ls , o r whether the  educational e f f e c t  r e s u lts  from 

a p o s itiv e  incomB e la s t i c i t y  fo r  co rrec tiv e  le n se s . To go a  step  fu r th e r , 

i t  i s  not even c le a r  th a t  higher incomes and/or educational le v e ls  o f the 

fam ily d ire c t ly  cause increased u t i l i z a t io n  o f eyeglasses, since income and



5 1 .

SOURCE:

TABLE 6

PERCENT OF U.S. POPULATION WITH EYEGLASSES 
AND CONTACT LENSES, BY AGE,1965-66

loo

6 0 With corrective 
lenses

6 0

4 0

20

With con toc t lenses (with or 
Without eyeglosses)

20 4 0

AGE IN YEARS

'5 03 0 6 0 7 0 6 0

C h a ra c te r is tic s  o f Persons w ith C orrective Lenses. 
19&5-£6. N ational Center fo r  Health S ta t i s t i c s ,  
S e ries  10, #53.
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TABLE 7

NUMBER OF ADULTS PER 100 POPULATION WITH 
I®CORRECTED DISTANCE VISUAL ACUITY OF 

20/20 OR BETTER AND 20/30 OR BETTER, 
BY AGE FOR WHITE AND NEGRO MEN 

AND WOMEN, U .S ., 1960-62

MEN
100

7 5

50

2 0 / 2 0  + W hite 
2 0 / 2 0  + N egro  
2 0 / 3 0  +  W hite 
2 0 / 3 0  + N eg ro

2 5

20 4 0 6 0 80

AGE (in y ea rs )

100

7 5

5 0

2 5

20 4 0 6 0 8 0

AGE (in y ears)

SOURCE? Binocular V isual Acuity of A dults, U.S. 1960-62, 
N ational Center fo r Health S ta t i s t i c s ,  S e ries  11,
#3. ■
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TABLE 8

NUMBER OF ADULTS PER 100 POPULATION WITH 
UNCORRECTED DISTANCE VISUAL ACUITY 

OF 20/100 OR LESS, BY AGE FOR 
WHITE AND NEGRO MEN AND 

WOMEN, U .S .,1960-62

MEN WOMEN
7 5

5 0 5 0

Whit.

White

25 2 5 Negro

^  Negro  t

20 4 0 6 0 6 0 20 4 0 6 0 8 0

AGE On yeors) AGE (in y ea ri)

SOURCE: Binocular V isual Acuity o f A dults, U.S. 1960-62,
N ational Center fo r  Health S ta t i s t i c s ,  S eries 11,
#3 .



TABLE 9

PERCENT OF U.S. POPULATION WITH CORRECTIVE 
LENSES, JOE ADJUSTED, BI FAMILY 

INCOME AND EDUCATION, 1965-66

Unadjusted Adjusted

Family Incomet

Under $9,000 1*9.7 1*3-8

$9,000+ 1*6.7 90.1

Education of head o f fam ily:

12 years or le s s  1*7.2 1*6.3

13-years 91-1 91*. 1*

SOURCE* C h arac te ris tic s  o f  Persons w ith C orrective Lenses. 
1969-66. N ational Center fo r  Health S ta t i s t i c s ,  
Series 10 , #93*



5 5 .

education a re  co rre la ted  with a  th ird  fa c to r , occupation, which nay be 

the  im portant causal v a r ia b le . White c o lla r  workers, fo r  example, are 

more l ik e ly  to  u t i l i z e  c o rrec tiv e  len ses  than blue c o lla r  workers, 

serv ice  workers or farm  workers (see Table 1 0 ). In te r-o ccu p atio n al 

d iffe ren ces  are most ev ident a t  younger ages. For the age category,

25-liU y ears , the d a ta  in  Table 10 show th a t 52.5 percen t o f white c o lla r  

workers use co rrec tiv e  lenses as compared to  only 29-6% o f blue c o lla r  

workers, 3 6 .8% o f se rv ice  workers and 25*7% o f farm workers. Education 

and income le v e ls  a re , o f  course, h igher in  th e  white c o lla r  group.

Table 11 p resen ts  years  of schooling completed by sex and race fo r  major 

occupation groups and c le a r ly  demonstrates h igher educational le v e ls  are 

assoc ia ted  with w hite c o lla r  enployment. Table 12 shows the asso c ia tio n  

between h igher media* * money income and white c o l la r  employment. Even 

w ith in  the  white c o lla r  category there  e x is ts  su b s ta n tia l v a r ia tio n  in  the 

use of co rrec tiv e  lenses (see Table 1 0 ). About 56/6 of p ro fess io n a l and 

c le r ic a l  workers in  the  age category o f 25-Wi have eyeglasses as compared 

to  only about h$% of managers and sa le s  workers. These in te r  and in t r a -  

occupational d iffe ren ces  show th a t  workers in  occupations th a t  requ ire  

r e la t iv e ly  more reading  and w ritin g  a re  more l ik e ly  to  have co rrec tiv e  

le n se s .

To separa te  out the  e f fe c ts  of income, occupation, and education 

on the demand fo r optom etric serv ices we e n te r in to  the  demand equation 

the v a ria b le s ;p e r  c a p ita  income; percen t of the  population w ith 1-3 years 

of co lleg e ; and th ree  measures o f occupational d is tr ib u tio n  -  percen t of 

the  employed holding white c o l la r  jo b s , percen t of the enployed holding 

p ro fe ss io n a l, te ch n ica l or kindred jo b s , and percen t o f the employed holding



TABLE 10

PERCENT DISTRIBUTION OF PERSONS 17 YEARS 
OF ABE AND OVER IN THE LABOR FORCE 

WITH OR WITHOUT CORRECTIVE LENSES,
BY TYPE OF LENS ACCORDING TO 

OCCUPATION AND AGEi UNITED 
STATES, JULY 1965-JUNE 1966

With c o r re c t iv e  le n ses

O ccupation and age
Persons 
17 years 

and 
o v er1

No
c o r re c tiv e

le n ses T o ta l
Eye­

g la s s e s
only

Contact 
le n ses  

w ith  or 
w ithout 

ey e g la sses

A ll occupations'- P ercen t d i s t r ib u t io n

A ll  ages, 17 years and over----------------- 100.0 41.1 58.9 57.5 1.4

17-24 y e a rs -------------------------------------------------- .100.0 59.2 40 .7 37.1 3.6
25-44 y e a rs ----------------------------------------------------- 100.0 59.1 40 .9 39.6 1.3
45 years and ’over------------------------------------------- 100.0 13.8 86 .2 85 .8 0 .4

W h ite -c o lla r  workers 

A ll  ages, 17 years and over----------------- 100.0 31.8 68 .1 65.7 2.4

17-24 y e a rs ------------------------------------------------------ 100.0 46 .2 53.7 47 .2 6 .5
25-44 y e a rs ------------------------------------------------------ 100.0 47 .5 52.5 50.2 2 .3
45 years and over------------------------------------------- 100.0 ' 8 .1 91.9 91.2 0 .7

P ro fe s s io n a l 

A ll ages, 17 years and over----------------- 100.0 30.8 69 .*2 66.0 3 .1

17-24 y e a rs ------------------------------------------ -— — 100.0 42.7 57.1 49.0 8 .1
25-44 y e a rs ---------------------- ------------------- -------- 100.0 43 .1 56.9 53.8 3.1
45 years and over-------------- ---------- ---------------- 100.0 7 .3 92.6 91.8 *

Managers

A ll  ages, 17 y ears  and over----------------- 100.0 30.7 69 .2 68 .1 1.1

17-24 y e a rs ---------- -----—------------------------------- 100.0 59.1 40 .7 37.3 *
25-44 y e a rs -------------------------------------- -------------- 100.0 55.4 44.6 43 .5 #'
45 years and over-----------------------------------------— 100.0 9.0 91.0 90.1 *

C le r ic a l

A ll ages, 17 y ears  and over---- ----------- - 100.0 32.5 67.4 64.6 2.8

17-24 y e a r s - ---------------------------------------------- ' 100.0 44 .3 55.6 49.3 6 .3
25-44 y e a r s - - - ----- ---------------------—------------------- 100.0 43.8 56.1 53.8 2 .3
45 years and over---- - — - - - - - - - - - - - - - - - - - - 100.0 8 .1 91.8 91.5 ★



TABLE 10 - Continued

Persons 
17 y ears  

and 
o v e r1

With c o r r e c t iv e  lenses

0

O ccupation and age
No

c o r re c tiv e
le n se s T o ta l

F.ye-
g la s s c s

only

Contact 
lenses 

w ith  or 
w ithout 

e y c g la ss i.

S ales Percen t d is t r ib u t io n

A ll  ag es , 17 y ea rs  and over----------------- 100.0 34.0 66 .0 64.0 1.'

17-24 y e a rs ------------------------------------------------------ UO.O 54.7 45 .2 40.0
25-44 y e a rs ---- -— ---------- ---------------------- ------- 100.0 55.1 44 .7 42.9 *
45 y ea rs  and over------------------------------------------ -

B luc-co l.lar workers

100.0 7.6 92.4 91.8

A ll ag es , 17 years and over----------------- 100.0 51.1 48.8 48.4 0 . . .

17-24 y e a rs ---------------------------------------------------- - 100.0 71.7 28.0 27.3 A

25-44 y e a rs ----------------------------------------------------- 100.0 70.3 29.6 29.1 IV-
45 y ears  and over--------------------------------------------

S erv ice  workers

100.0 18.6 81.4 81.2

A ll  ag es , 17 years and over----------------- 100.0 40 .7 59.2 58.3 ! .

17-24 y e a rs ---------------------- ------- ---------------------- 100.0 60.7 39.1 35.9 '
25-44 y e a rs ---------------------------------------------------- 100.0 63.0 36.8 36.3 *

45 y ea rs  and over------------ ------------------------------

Farm workers

100.0 13.7 86 .3 86.1

A ll  ag e s , 17 years and over----------------- 100.0 48..6 51.4 51.2

17-24 y e a r s - --------------------------------------- ---------- 100.0 79.2 20.8 20.8
25-44 y e a r s - - - ------------ --------------- ---------------— 100.0 74.3 25.7 25.4
45 y ears  and over--------------------— - — ---------- 100.0 25.8 74 .2 73.9

SOURCE: C h a rac te ris tic s  of Persons w ith C orrective  Lenses»
1965-66. R ational Center fo r  H ealth S ta t is t ic s *  
Series 10, #53*
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TABLE 11

education levels OF MAJOR OCCUPATION 
GROUPS, U .S ., 1971

Percent w ith four years  o f  High School or more 

'White Males Negro & Other
Males

White C ollar 86% 8056

Blue C ollar 53* 3756

Service Wbrkers 5 # 3856

Farm h2% 1256

SOURCE: Special Labor Force Report. U.S. Bureau of Labor
S ta t i s t i c s ,  re p rin te d  in  S ta t i s t i c a l  A bstract o f 
the  United S ta te s . 1972. p . 111*.
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TABLE 12

MEDIAN EARNINGS OF CIVILIANS, BT 
SEX AND BI OCCUPATION OF 

LONGEST JOB t 1970
$ 0 0 0

Male Female

White C ollars 
P ro fess io n a l, Technical &
Kindred Workers 10.9 5*8

Managers, Not Farm 10.7 U>8
Sales Wbrkers 7*3 l . l i
C le r ic a l & Kindred Wbrkers 7.2 3.9

Service Workers U .l 1 .5

Farm Workers .7 .1*

Blue C ollar:
Craftsmen and Kindred Workers 8.1; 3*U
Operative and Kindred Wbrkers 6.1; 3*2
Laborers, Not Farm & Mine 2 .8 2.1

SOURCE: Current Population R eports, p .60, No.33, Ul, 53, 80
and unpublished da ta ; co lle c te d  in  S ta t i s t i c a l  A bstract 
of the  U .S .. 1972. p . 237.



c le r ic a l  jo b s . The l a t t e r  two v ariab les  a r e ,  of course, ca teg o ries  

w ith in  the w hite c o lla r  group.

Even i f  those with h igher incomes and education (holding occupation 

constan t) had a  high p ropensity  to use c o rrec tiv e  le n se s , i t  i s  no t cleaij 

a p r io r i ,  th a t  the p a r t i a l  e f fe c ts  of income and education on the  demand 

fo r optom etric serv ices would be p o s it iv e . This i s  because the higher the 

income and education o f an in d iv id u a l, the  more l ik e ly  he i s  to  use the 

se rv ices  of an ophthalm ologist in s tead  o f an op tom etrist to  ob ta in  h is  

c o rrec tiv e  le n se s . Table 13 shows th a t  25 percen t of those in d iv id u a ls  

with fam ily income under $5000 who had an eye examination and purchased 

eyeglasses during th e  two years preceding July 1965 to  June 1966 used an 

ophthalm ologist as a source o f th e ir  o p tic a l  p re sc r ip tio n , while the same 

fig u re  fo r those with fam ily income of $5000 and over was 36^. S im ilarly ,

2856 o f those in d iv id u a ls  whose fam ily head had 12 years o f schooling or 

le s s  used an ophthalm ologist as the source of th e i r  o p tic a l p re sc r ip tio n  

while the comparable fig u re  was I|8£ fo r  those in d iv id u a ls  whose fam ily 

head had 13 years of schooling and over.

A ll o f the socioeconomic v a riab le s  were co llec ted  from th e  1970

census.

The Supply o f Optometric Services

On the  supply s id e , we have divided the q u an tity  o f optom etric 

se rv ices  in to  a  lo ca tio n  equation and an average workload equation.

The Location o f Optom etrists

Two in d ic a to rs  of the p o te n tia l  p r o f i t  from e s ta b lish in g  a p ra c tice  

in  a  p a r t ic u la r  lo c a tio n , the p rice  o f optom etric se rv ices  and the  average 

workload per o p to m etris t, are  included in  the lo c a tio n  equation. O ptom etrists 

should be a ttra c te d  to  lo ca tio n s  th a t  fe a tu re  both  high workloads and high
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TABLE 13

SOURCE OF OPTICAL PRESCRIPTION, PERSONS 3 YEARS 
AND OVER, WHO WERE EXAMINED FOR CORRECTIVE 

LENSES IN PAST TWO YEARS, U.S.
JULY 1?65 -  JUNE 1966

Persons
Source o f o p t ic a l  p re s c r ip tio n  in  p as t 2 years

C h a ra c te r is t ic

examined
fo r

c o rre c tiv e
E yeglasses only Contact len ses  w ith  or 

w ithou t eyeg lasses

p as t 
2 years Ophthal­

m ologist
Optome­

t r i s t O ther1 Ophthal­
m ologist

Optome­
t r i s t O ther'

Family income

60.4 12.4£ .J  . A 0 .7 1.0
100.0 35.7/ 53.7 7.9 1 .2 1.4 0 .2

E ducation  of head of fam ily

100.0 27.7 60.2 10.6 0 .5 0 .9 0 .1
■ A 1 . • * 1 . 47,6 41.5 _

0.55 .7 2.5 2 .3

SOURCE? C h a rac te ris tic s  o f Persons with C orrective Lenses. 
1965-66, N ational Center fo r  Health S ta t i s t i c s .  
S eries  10, #53*



p r ic e s , although op tom etris ts  might avoid high workload areas i f  they

fe e l  an o b lig a tio n  to  provide eye care to  a l l  those who come to  th e i r

door and a lso  f e e l  s trong ly  about s e tt in g  aside an adequate amount of
(Ztime fo r le isu re  a c t i v i t i e s .

The per c a p ita  income v a riab le  in  the  lo c a tio n  equation must be

in te rp re te d  as a proxy fo r  the  c u ltu ra l ,  educational and o ther non-natural

environmental advantages th a t  a s ta te  o ffe rs  which are c o rre la ted  with

p e r c a p ita  income.

The number o f graduating students in  optometry schools i s  entered

in to  the equation to  t e s t  whether graduating op tom etrists  have a propensity

to  remain in  the s ta te  where they receive  th e i r  p ro fessio n a l education.

This r e s u l t  i s  expected because optometry schools would seem more l ik e ly

to  draw en tering  studen ts from th e i r  own s ta te s  because o f the lower cost

home s ta te  students would face  in  terms of sh o rte r d istances to  tr a v e l ,

and in  some cases, lower tu i t io n  costs  and the chance to  l iv e  inexpensively

a t  home. The source fo r  the  number of graduates from in d iv idua l optometry

schools i s  Pennell and D e lo n g .^

To serve as a  proxy fo r  the stringency of s ta te  licen sin g  requirem ents,

we include a n a tio n a l board dummy v a r ia b le , which takes on a  value o f one

fo r  those s ta te s  which d id  not accept the n a tio n a l boards examination in

1968 and a  value o f zero o therw ise. The n a tio n a l board examination was

accepted in  l ie u  of the w ritten  po rtion  of the  s ta te  licen sin g  examination
14-in  26 s ta te s  in  I960. The fa i l in g  ra te s  on ind iv id u a l s ta te  lic e n s in g  

examinations would be the more appropriate b a r r ie r  to  en try  v a ria b le , but 

such data  i s  not a v a ila b le . Im p lic it in  our use o f the  n a tio n a l board dummy 

i s  the assumption th a t  those s ta te s  which do no t accept the n a tio n a l board 

examinations a lso  have the most s tr in g e n t lic e n s in g  requirem ents. Although
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s ta te  licen sin g  requirem ents are e s tab lish ed  fa r  the  expressed purpose

of ensuring th a t  high standards o f optom etric care are p ra c tice d ,

economists have argued th a t  lic en sin g  i s  used by members of a p ro fession
lf>in  o rder to  l im it  the  number of p ra c ti t io n e rs  o r to  earn re n ts . I t  is  

in te re s t in g  to  note th a t  in  most cases i t  i s  the  p ro fessions th a t  have 

demanded th a t th e i r  members be lic en sed . Consumers, who supposedly need 

to  be p ro tec ted  from m alpractice , have been le s s  concerned about p ro fessio n a l 

lic e n su re .

There i s  evidence th a t  the lic e n s in g  arrangements of some professions

have been used to  r e s t r i c t  lab o r m obility  between s ta te s .  Holen found

th a t  in te r s ta te  m obility  in  law and d e n tis try  was low re la t iv e  to  medicine

because of the " s tru c tu re  o f lic en sin g  arrangem ents...(and) because of
1&the exclusionary  p ra c tic e s  of various s ta te  lic e n s in g  boards." Holen 

found th a t  those s ta te s  in  which lawyers or d e n tis ts  enjoyed high incomes 

a lso  tended to  have high f a i lu r e  ra te s  among candidates fo r  l ic e n se . Holen 

concluded th a t fo r  the medical p ro fessio n , where r e s t r ic t io n s  on in te r s ta te  

m obility  are small because of re c ip ro c ity  agreements and the use of n a tio n a l 

boards, the re la tio n sh ip  between physician incomes and fa i lu re  r a te s  o f 

candidates fo r  lic en se  was genera lly  independent.

Optometric Workloads

P rice  i s  included in  the  workload equation and we expect optom etrists 

to  tak e  on higher workloads, the higher th e ir  per u n i t  reward fo r  doing 

so, un less  th e ir  supply curves are backward bending and the  average 

op tom etrist operates on th a t  portion  th a t  i s  negative ly  sloped.
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REGRESSION RESULTS

The Demand fo r  Optometric Services

The estim ated  demand equations a re  p resented  in  Table lU. In  

reg ressions 1 and 2 the  white c o lla r  v a riab les  do n o t appear. These 

reg ressions r e s u l ts  a re  s u f f ic ie n t  i f  we are w illin g  to  assume th a t  

v a r ia tio n  in  the  use o f co rrec tiv e  lenses by occupation re s u l ts  so le ly  

from the d iffe ren ces  in  income and education le v e ls  assoc ia ted  with 

d if fe re n t  occupations. For the  moment we w ill operate  under th i s  assumption. 

One in d ic a tio n  th a t  th e re  may be no pure occupation e f fe c t  i s  th a t  the 

explanatory power o f the  demand model i s  not increased  when the  white 

c o lla r  v a ria b le s  are added to  the independent v a ria b le s  of reg ressions 1 

and 2.

The income e l a s t i c i t y  e x p l ic i t  in  these  reg ressions v a rie s  between

.7 and .8 . This range i s  high r e la t iv e  to  the  income e l a s t i c i t i e s  o f demand

estim ated fo r  physician se rv ice s . The h ighest Income e la s t i c i t y  in  what

Fuchs and Kramer c a l l  th e i r  more successfu l demand equations f o r  physician

serv ices  i s  . 2 0 .^  Other estim ated demand e l a s t i c i t i e s  fo r  physicians range 
id

from .01 to  .62 . However, the r e la t iv e ly  high income e l a s t i c i t i e s  of 

demand fo r  optom etric se rv ices  th a t  we have estim ated should no t be discounted. 

A good p o rtio n  o f  optom etric se rv ices , such as t in te d  g la sse s , more expensive, 

s ty l is h  frames and e x tra  g la sse s , would seem to  f a l l  in to  the  "luxury" 

category.

P rice  i s  n eg ativ e ly  assoc iated  with q u an tity  demanded in  reg ressions 

1 and 2, although s ig n if ic a n t a t  only the  50 percen t le v e l when the 

a d v ertis in g  dumny i s  en tered  in to  the  demand model. The p ric e  c o e ff ic ie n ts  

range from - .2 9  to  - .5 2 . The e l a s t i c i ty  o f - .5 2  in  reg ression  1, which i s
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TABLE lit

THE DEMAND FOR OPTOMETRIC SERVICES*

Second Stage of Two Stage L east Squares

Percent
Non-
White

Percent 
65 and 
Over

Median
Family
InCODB

Ophthal- O pticians P rice  
a o lo g is ts  per 
per 100,000 
100,000 Population 
Population

Education White P ro fess- Clerk 
C o lla r io n a l,

Technical

Adver­
t i s e
1-Tes
0-No

Cons — 
■feuit

r-

1. -.1 2 .50 .72 - .2 2 -.5 2 .11 8 .6 .63
• (-3 .6 ) (2 .9 ) (2 .9 ) (-3 .5 ) (-1 .6 ) ( .6 ) (9 .8)

2. -.11 .55 .79 .06 -.22 -.2 9 .02 *07 8.5 .63
(-3 .0 ) (2 .9 ) (3 .0 ) ( .3 ) (-3 .lt) ( - .7 ) ( . 08) (1 .0 ) (9 .It)

3. -.1 2 •lt3 .90 .12 -1 .9 -.lt6 .17 -.5 5 .05 9.81 .67
(-3 .3 ) (2 .1 ) (2 .9 ) (.57) (-2 .8 ) (-1 .1 ) (.7 lt) (-1 .5 ) ( . 06) (8 .5 )

u. - .1 6 .21 .32 -.0 5 -.27 .06 - .5 0 -.91 1.59 8.01 .61
(-3 .W (1 .0 ) ( .6 ) ( - .2 ) (-2 .6 ) ( .1 ) ( - .2 ) (-2 .0 ) (1 .3 ) (It*3)

5. - . l i t .37 -.OOlt -.29 .50 -2 .6 3.01 .08 .52
(-2 .8 ) (1 .6 ) (- .7 1 ) (-2 .9 ) ( l . i ) (-2.U) (2 i3)

v
(1 .1 ) - -

6. - . l i t •37 -.ooU .02 -.2 9 •U9 -2.6" 2.99 .09
(-2 .6 ) (1 .5 ) ( - 7 7 ) ( . 06) (-2 .9 1 ) ( l .o ) (2 .It) (2 .2 ) (1 .1 )

7. -.1 3 •39 -.27 •3lt .10 -2 .71 3 .U .08 .58
(-2 .6 ) (1 .8) (-2 .lt) (.It) ( .5 )  ( -2 .5 ) (1 .9 ) ( .9 )

* A ll v a ria b le s  in  n a tu ra l lo g s  except ad v ertis in g  dummy

t  s t a t i s t i c s  in  parentheses 

N -  32



s ig n if ic a n t  a t  the 10 percen t confidence le v e l , i s  high re la t iv e  to  those

estim ated fo r  physic ian  se rv ice s . None o f the  p ric e  e l a s t i c i t i e s  estim ated
19by Fuchs and Kramer, fo r  exanple, exceeded - . 36. This discrepancy i s  

no t unexpected. The p r ic e  e l a s t i c i ty  fo r  optom etric serv ices should exceed 

th a t  fo r  physician  se rv ices  because th e re  are more av a ilab le  su b s titu te s  

fo r  optom etric serv ices than  fo r  physician se rv ice s . Both ophthalm ologists 

and o p tic ian s  o ffe r se rv ices  th a t  can be su b s titu ted  fa r  optom etric se rv ice s . 

The a v a i la b i l i ty  o f these  su b s titu te  serv ices i s  n o t completely co n tro lled  

fo r  in  the demand models. Although the  number of ophthalm ologists and 

o p tic ian s  a re  included in  the reg re ss io n s , the workloads o f these p ra c ti t io n e rs  

remain fre e  to  vary.

I t  i s  a lso  reasonable to  assume th a t  the  su b s titu te  a c t iv i ty  of 

"doing without" i s  a more a t t r a c t iv e  a lte rn a tiv e  in  the  case of optom etric 

se rv ice s . I t  i s  probably e a s ie r  fo r  most in d iv id u a ls  to  postpone o r do 

w ithout the  purchase o f a  new p a i r  o f g lasses o r  an eye examination than 

i t  would be fo r  them to  postpone the  ty p ic a l physician  v i s i t .

When the white c o l la r  occupation v a riab le s  are  en tered  in to  the 

demand equation , the  in te rp re ta tio n  o f the  p ric e  and income v a riab les  

becomes s tra in e d . These reg ression  r e s u l ts  cannot be ignored, however, 

because i t  i s  p o ssib le  th a t  a white c o lla r  e f f e c t  e x is t s ,  even w ith income 

and education co n stan t, because white c o lla r  occupations demand more 

read ing  and w riting  than  o ther occupations. The incomB v a riab le  becomes 

s t a t i s t i c a l l y  in s ig n if ic a n t  when included with the  w hite o o lla r  and c le rk  

v a ria b le s  (see reg ress io n s  U-7). Because of th e  c o rre la tio n  between the 

v a r ia b le s , i t  i s  Im possible to  determine th e i r  separa te  e f f e c ts .  (The 

simple c o rre la tio n  o f  median fam ily income w ith  percen t o f the employed



in  c le r ic a l  occupations and w ith pe rcen t o f the  employed in  w hite c o l la r  

occupations i s  .89 and .82* re sp ec tiv e ly ).

The near zero income c o e ff ic ie n ts  o f reg ressions U-7 a re  probably 

downward b iased , w ith some o f the  income e f f e c t  being captured by the 

occupation v a r ia b le s . The income c o e ff ic ie n ts  o f .7 and .8 in  reg ressions 

1 and 2 are  more c o n s is te n t with our a  p r io r i  expecta tions. However, a  near 

zero income e l a s t i c i ty  of demand fo r  optom etric serv ices i s  n o t an im possi­

b i l i t y .  The income e l a s t i c i t y  would be low i f  the tendency to  u t i l i z e  the 

se rv ices  o f ophthalm ologists and op tic ian s  ra th e r  than optom etrists to  

secure o p tic a l p re sc rip tio n s  and c o rrec tiv e  lenses increased markedly w ith 

income.

A problem w ith the  in te rp re ta t io n  of the  reg ressio n  re s u l ts  in  th is  

fash ion  i s  the Inclusion  o f the  number of ophthalm ologists and op tic ians 

in  the  reg ress io n  equation . One might question how the  demand fo r  the 

se rv ice s  o f  ophthalm ologists and op tic ian s  could in c rease  with income when 

t h e i r  numbers are  c o n tro lled  fo r  in  the  reg ress io n  equations. There are  two 

responses to  th is  ob jec tio n . F i r s t ,  although the number of ophthalm ologists 

and op tic ian s  are  held  co n stan t, t h e i r  workloads are  n o t. These p ra c ti t io n e rs  

could increase  th e i r  workloads in  response to  rightw ard s h i f ts  in  the  demand 

curve fo r  th e i r  serv ices. Second, i f  we re -sp e c ify  the  demand equation to  

allow  the number o f  ophthalm ologists to  vary, the r e s u l ts  w ith respec t to  

th e  income v a ria b le  i s  unchanged (see reg ressions *>, 7 ) .

The p r ic e  c o e f f ic ie n t i s  a lso  s e n s itiv e  to  the  in c lu sio n  of the  white 

c o l la r  occupation v a ria b le ; 'in  the demand model. The asso c ia tio n  between 

p r ic e  and q u an tity  demanded changes from negative to  p o s itiv e  when th e  c le rk  

and white c o l la r  v a riab les  a re  added. As discussed above, the p rice  e l a s t i c i ty



of in  reg ression  1 i s  in  the range o f values th a t  we an tic ip a te d . 

N evertheless, the  zero o r even p o s itiv e  p ric e  e l a s t i c i ty  estim ates are 

not n e ce ssa rily  In co n sisten t with our expectations or with demand theory.

Our em pirical p rice  e l a s t i c i t y  estim ates may be biased in  a  p o s itiv e  

d ire c tio n  i f  th e re  e x is t s  v a ria tio n s  in  the q u a lity  o f se rv ice s  provided 

p er v is u a l examination. Given a  preference fo r  q u a lity  care by consumers 

and a  p o s itiv e  a sso c ia tio n  between p r ic e  and q u a lity , estim ated  demand 

equations th a t  f a i l  to  co n tro l fo r  q u a lity  could y ie ld  zero or p o s itiv e  

p ric e  c o e ff ic ie n ts .

The c o e ff ic ie n ts  and t  values o f the  white c o lla r  occupation 

v a ria b le s  are  s tab le  enough in  the reg ress io n  models fa r  us to  o ffe r  some 

hypotheses concerning th e  e f fe c ts  of occupation on the  demand fo r  optom etric 

s e rv ic e s . These in te rp re ta t io n s , l ik e  those fo r  the  income and p rice  

v a r ia b le s , must be te n ta tiv e  because o f  the m u ltic o llin e a rity  problem.

The percen t o f  the enployed in  white c o lla r  occupations i s  negatively  

re la te d  to  th e  demand fo r  optometric serv ices. This i s  a  su rp ris in g  r e s u l t  

given th a t  white c o l la r  workers u t i l i z e  co rrec tiv e  lenses to  a much g re a te r  

e x ten t than i s  the case fo r  those in  o th e r occupations. However, an 

explanation fo r  th is  find ing  follows from the  reg ression  r e s u l t s .  The 

v a r ia b le , percen t of th e  employed in  th e  e l i t e  white c o lla r  category , 

p ro fess io n a l, tech n ica l and kindred workers, a lso  has a negative a sso c ia tio n  

w ith the  demand fo r  optom etric se rv ice s . In  c o n tra s t ,  the  variab le , percen t 

o f th e  enployed in  c le r ic a l  occupations, the low est rung on the  white c o l la r  

lad d er, i s  p o s itiv e ly  assoc iated  w ith the  demand fo r  optom stric se rv ices . 

Although the c le r ic a l  c o e f f ic ie n t i s  n o t s ta b le , ranging from 1 .6  to  3.1 

i t  i s  generally  s ig n if ic a n t. I t  appears as i f  th e re  are ta s te  d iffe ren ces



w ith in  th e  white c o lla r  category fo r optometric s e rv ic e s . The more e l i t e  

members, the p ro fessio n a l and tech n ica l workers, p re fe r  on the  whole to  

receive  th e i r  v Is la m  care from ophthalm ologists. The n o n -e lite  white 

c o lla r  members o f the  c le r ic a l  category a re  content to  receive  th e i r  v is io n  

care from  o p tom etris ts . These conclusions a lso  hold when the  number of 

ophthalm ologists i s  allowed to  vary .

The c o e ff ic ie n ts  and s t a t i s t i c a l  s ig n ifican ce  o f the  race and age 

v a ria b le s  remain f a i r l y  s tab le  in  a l l  the  estim ated models. The p o s itiv e  

a sso c ia tio n  between the  demand fo r  optometric serv ices and th e  percen t of 

the  population  65 and over i s  an expected r e s u l t  considering the increased  

u t i l i z a t io n  of co rrec tiv e  lenses w ith age. The age e l a s t i c i t y  ranged from 

.21 to  .U3 in  the double log form ulations. The t  c o e f f ic ie n ts  are f a i r ly  

high although in  model U, s t a t i s t i c a l  s ig n ifican ce  drops to  around the  

30 percen t le v e l.

The race v a r ia b le , percen t non-white, has an adverse e f fe c t  on the 

demand f a r  optometric se rv ice s . The negative a sso c ia tio n  can be explained 

in  p a r t  by the s tran g e r v is io n  possessed by Negroes. Perhaps a  more im portant 

exp lanation  however, i s  the h igher p rice  o f  securing optom etric serv ices  

th a t  Negroes probably confront because o f  higher tra n sp o rta tio n  and search 

co s ts . Many Negroes l iv e  in  urban ghettos o r ru r a l  areas in  the south 

where optom etric care i s  r e la t iv e ly  scarce.

The ad v ertis in g  dummy i s  never s ig n if ic a n t a t  confidence le v e ls  

above 25 percent and the t-v a lu es  f a l l  below one when the  white c o lla r  

v a ria b le s  appear in  th e  estim ated demand equations. The dummy c o e ff ic ie n ts  

range between .05 and .09. There i s  some evidence in  these re s u l ts  th a t



the  demand fo r  optom etric se rv ices  i s  h igher in  those s ta te s  where 

a d v e rtis in g  i s  no t r e s t r ic te d .  I f  so , then ad v ertis in g  s ig n if ic a n tly  

lowers search c o s ts  or e f fe c t iv e ly  serves to  help op tom etrists  a t t r a c t  

p a tie n ts  from ophthalm ologists. Me fu r th e r  examLne th is  question  in  the  

next chap ter.

The education c o e ff ic ie n t i s  not s ig n if ic a n tly  d if f e r e n t  from zero 

in  any o f th e  estim ated  demand models in  which i t  appears. This r e s u l t  

lends support to  the  hypothesis th a t  th e  tendency to  u t i l i z e  the serv ices  

o f ophthalm ologists and o p tic ian s  ra th e r  than op tom etrists  to  secure o p tic a l 

p re sc r ip tio n s  and co rre c tiv e  lenses in c reases w ith education . This 

conclusion follow s only i f  we accept the assumption th a t  the  t a s te  fo r  

co rrec tiv e  lenses in c reases  with education. This assumption seems reasonable; 

the  more educated probably p lace a g re a te r  enphasis on good h ea lth  and 

probably have a  g re a te r  in te r e s t  in  read ing , an a c t iv i ty  th a t  req u ire s  the 

use of co rrec tiv e  lenses in  most cases by middle age.

The reg ress io n  r e s u l ts  show th a t  the  number o f o p tic ian s  per 100,000 

population  o f fe r  competing serv ices to  those o f the  o p tic ia n  and adversely  

e f fe c t  the  demand fo r  optom etric se rv ice s . The ophthalmology v a riab le  i s  

n o t s ig n if ic a n tly  r e la te d  to  the  demand f o r  optometric se rv ice s . One 

In te rp re ta tio n  o f th ese  r e s u l ts  i s  t h a t  the  serv ices  provided by o p tic ian s  

a re  more com petitive w ith the  se rv ice s  provided by op tom etrists  than are  

the  se rv ices  o f the  ophthalm ologists. In  o th e r words, the  dispensing 

p o rtion  o f the  o p to m e tris t 's  p ra c tic e  i s  th e  major conponant o f the  serv ices  

he o ffe rs  and the  p rov ision  o f v i s u i l  examinations i s  secondary. Even i f

v a riab le  should be s t a t i s t i c a l l y  in s ig n if ic a n t .  Many ophthalm ologists are

exp lanation  o f why the  ophthalm ologist



involved in  th e  d ispensing of co rrec tiv e  le n se s . About 2256 o f p ra c tic in g
20ophthalm ologists employ o p tic ian s  o r o p tic a l f i t t e r s .  The o p tic ian  and 

ophthalm ologist v a ria b le s  are  c o rre la ted  ( r  ■ .h 9 ) , b u t even w ith the 

o p tic ian  v a riab le  excluded from the  demand equation , the  ophthalmology 

v a riab le  s t i l l  does approach s ig n ific an ce . In  th e  next chap ter we sp ec ify  

and estim ate  an income generating  function  fo r  optom etric serv ices th a t  

w ill  enable us to  fu r th e r  examine the ro le  o f  ophthalm ologists in  the 

market fo r  optom etric se rv ices .

The Location o f O ptom etrists

The reg ress io n  re s u l ts  fo r the  lo c a tio n  equation are presen ted  in

Table 15. Not su rp ris in g ly , the  n a tio n a l board dummy in d ica te s  th a t  s ta te

lic e n s in g  examinations are  an e ffe c tiv e  means o f r e s t r i c t in g  en try , given

our assumption th a t s ta te s  which do n o t accept the  n a tio n a l boards in

optometry a lso  have more s tr in g e n t lic e n s in g  requirem ents. The dummy

c o e f f ic ie n t in d ic a te s  th a t  s ta te s  with more r e s t r i c t iv e  lic e n s in g  requirem ents

have lU-17 percen t fewer op tom etris ts  p e r 100,000 population, holding o ther

v a ria b le s  equal, than those s ta te s  with le s s  r e s t r i c t iv e  licen sin g  
21arrangem ents.

O ptom etrists a re  qu ite  sen s itiv e  to  p r ic e  in  making th e i r  lo ca tio n  

decision . The p ric e  c o e f f ic ie n t ranges from 1 to  1 .1 , implying th a t  an 

in s ta te  increase  in  p ric e  o f  th ree  d o lla rs , or 1056, would a t t r a c t  

approximately 1056 more op tom etrists  to  th e r s ta te ,  o ther th ings equal.

This p r ic e  e l a s t i c i ty  i s  about two tiraBs th e  p ric e  e la s t i c i ty  fo r  the  per 

c a p ita  supply o f physicians reported  by Fuchs and Kramer. O ptom etrists 

may be more se n s itiv e  to  in te r s ta te  v a r ia tio n s  in  p r ic e  because they are
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TABLE 15
THE LOCATION OF OPTOMETRISTS*-SECOND STAGE 

OF TWO STAGE LEAST SQUAHES

N ational 
Board Drnuny 
1 -  No 
Accept

Medium
Family
Income

P rice Average
Workload

Graduation
Optometry
Students

Gross 
Income o f  
O ptom etrists

Constant R2

-  1L .73 1.08 .19 .002 5 .3 .28
(-1 .7 ) (2 .1 ) (2 .1) ( .1 ) (1 .1 ) (3 .3 )

-.H i .77 1.11 .002 5 .1 .28
(-1 .7 ) (2 .7 ) (3 .0 ) (1 .2 ) (3-9)

-.17 .77 .002 .61 -.9 0 .16
(-1 .9 ) (2 .3 ) (1 .7 ) ( .8 ) ( - .3 )

* A ll v a ria b le s  in  logs except graduating optometry s tuden ts 
and n a tio n a l board dummy

t  s t a t i s t i c s  in  parentheses

N -  32
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more l ik e ly  to  m igrate than physicians. The conclusion th a t  op tom etris ts

are more l ik e ly  to  m igrate ( in te r - s ta te )  thanuphysicians i s  based on the

presumption th a t  m igration in  both  these  p ro fessions i s  undertaken

predom inately by re c e n t graduates o f  the  p ro fess io n a l schools. The

e s tab lish ed  p ra c tic e s  o f  o lder p ra c ti t io n e rs  should make them re lu c ta n t

to  m igrate . Recent graduates o f optometry schools should be more prone

to  m igrate than th e i r  physician  coun terparts  because o f the much sm aller

number o f optometry schools. There ex isted  only 10 optometry schools in

1968, while medical schools were lo ca ted  in  n early  every s ta te .

O ptom etrists are a lso  a t tra c te d  to  high per c a p ita  income s ta te s ,

holding p ric e  and average workload co n stan t, in d ica tin g  th a t  environmental

fa c to rs  which are c o rre la ted  w ith p er c ap ita  income p lay  a  s ig n if ic a n t ro le

in  t h e i r  lo ca tio n  d ecis ion .

The workload v a ria b le , average number o f annual v isu a l examinations

performed p e r o p to m e tr is t . i s  p o s itiv e ly  a sso c ia ted  with op tom etris ts  p e r

c a p ita  bu t n o t s t a t i s t i c a l l y  s ig n if ic a n t .  There i s  no evidence then th a t

op tom etrists shun high workload a reas  to  avoid overwork; ra th e r  they may

be a t tra c te d  to  them.

Gross optom etric income, th e  product o f  p ric e  and average workload,

i s  en tered  in to  model 3. The model lo ses  p re d ic tiv e  power when the h ighly

s ig n if ic a n t p r ic e  v a ria b le  i s  rep laced  by income. The gross income v a riab le

i s  s ig n if ic a n t  a t  only the  1*0 percen t le v e l . Apparently, the  in s ig n if ic a n t  
v a ria b le

workloadAserves to  tenper the  e f f e c t  o f gross income.

The schooling v a ria b le , number o f  graduating studen ts  from optometry 

schools in  1967, i s  s t a t i s t i c a l l y  s ig n if ic a n t a t  the 10 percen t le v e l in  

reg ress io n  one and a t  the 1$ p e rcen t le v e l in  reg ressio n  two. The r e s u l ts  

demonstrate th a t  op tom etrists  have a t  le a s t  a  s l ig h t p ropensity  to  rema in 

in  the  s ta te  where they  receive  t h e i r  p ro fess io n a l education. The e la s t i c i ty



o f the  number of op tom etris ts  p e r  100,000 w ith re sp ec t to  the number o f 

graduating op tom etrists  inheren t in  the reg ress io n  r e s u l ts  i s  very sm all, 

approximately .03. A small e l a s t i c i t y  i s  to  be expected because only nine 

s ta te s  have optometry schoo^ in  the  United S ta te s , so a s ig n if ic a n t amount 

o f  outm igration must take  place by op tom etrists  from the s ta te  where they 

receive th e i r  p ro fess io n a l tra in in g , o r op tom etris ts  would be much le s s  

evenly d is tr ib u te d  around the  country than  th ey  p re sen tly  a re . The e la s t i c i ty  

must a lso  be small because the  t o t a l  number o f  graduates from optometry 

schools in  any one year i s  small in  r e la t io n  to  th e  stock of p ra c tic in g  

o p to m etris ts .

Optometric Workloads

The simple reg ress io n  of the  log  o f average workloads on the  log  o f 

p r ic e  y ie ld s t

log  average workload « U.U -.7U P rice  R̂ *.$2
(7 .7 ) (-U.5)

The obvious exp lanation  o f the negative p ric e  c o e ff ic ie n t i s  th a t  op tom etrists 

are  on th e  backward bending p o rtio n  o f a lab o r supply curve. I f  th is  i s  

t ru e ,  the c o e f f ic ie n t shows th a t  an in s ta te  p ric e  increase  of 10 percen t 

would reduce the average workloads o f  op tom etrists  by about 1%. The supply 

o f optom etric se rv ices  w ith in  th e  s ta te  would not be reduced, however. The 

reg re ss io n  r e s u l ts  fo r  the  lo c a tio n  equation in d ica te  th a t  the  per c a p ita  

number Df op tom etris ts  would in c rease  by approximately 10 p ercen t as a  r e s u l t  

o f a  10 p ercen t p r ic e  in c rease . The n e t e f f e c t ,  then , o f  the  p ric e  in c rease  

would be to  increase  th e  per c ap ita  q u an tity  of optom etric serv ices  supplied  

by about 3 p e rcen t.

There i s  another p o ssib le  explanation fo r  the negative p ric e  c o e f f ic ie n t.



The negative c o e f f ic ie n t could r e s u l t  from v a r ia tio n  in  the  q u a li ty  o f 

se rv ices  provided p e r  v is u a l examination and from a p o s itiv e  c o rre la tio n  

between p r ic e  and q u a li ty .  %  providing more thorough v isu a l examinations 

and by otherwise spending more time with th e i r  pa tien ts*  q u a lity  conscious 

op tom etris ts  would be ab le  to  supply le s s  exams annually  but may fin d  i t  

p ro f ita b le  to  do so i f  consumers a re  w illin g  to  pay s u f f ic ie n t ly  high 

p r ic e s  in  re tu rn .
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Dept, o f HEW p u b lica tio n  #(HSH) 72-1052, V ita l Health 
S ta t i s t i c s  -  S eries  111, #3, p .8 -9 .
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Licensing boards f o r  physicians and d e n tis ts  in  F lo rid a  and 
C a lifo rn ia  have th e  rep u ta tio n  o f enforcing very  s t r i c t  
en try  requirem ents (see Benham, e t . a l . ,  p .337-8). To t e s t  
whether en try  in to  these  s ta te s  i s  a lso  d i f f i c u l t  fo r  the  
op to m etris t, the  lo c a tio n  equation was tw ice re -e stim ated .
In  the  f i r s t  model p resen ted  th e  observations on F lo rid a  and 
C a lifo rn ia  are excluded. In  the  second model, a l l  observations 
on d i f f ic u l t - to - e n te r  s ta te s  (o r those s ta te s  no t accepting the 
n a tio n a l boards) were dele ted  except fo r  F lo rid a  and C a lifo rn ia .

( l )  Log OPto ■ 5.69 1 .3  log F -*11' License
(3 .7 ) (2 .9 ) (-1 .1 )

+ .85 log Y +.002 Student 
(2 .8) (1 . 3)

-2
a  -  .27

t  s t a t i s t i c s  in  parentheses 
N -  30

(2) Log OPto ■ 2 .9  + .1*9 log  P -.1 8  License ■+■ ,8 |  f0a Y
( l .S )  ( . 9 )  ( - .9 )  a o )  1

+.001 Student 
( . 6)

R2 -  .26

t  s t a t i s t i c s  in  parentheses 
N -  15

C a lifo rn ia  and F lo r id a  appear to  have more s tr in g e n t lic e n s in g  
requirem ents than the o ther s ta te s  th a t  do n o t accept n a tio n a l
boards. The lic en sin g  c o e f f ic ie n t i s  - .1 8  In  model (2 ) , as
compared to  -.1 1  in  model ( l ) .  However, the  t  values o f both 
c o e f f ic ie n ts  are low, approximately -1 , and the  Chow t e s t  of 
eq u a lity  between the  two lic e n s in g  c o e ff ic ie n ts  showed the 
c o e f f ic ie n ts  to  be no t s ig n if ic a n tly  d if f e r e n t .



CHAPTER IV

THE DISTRIBUTION OF OPTOMETRIC INCOME

In t h i s  ch a p ter  we a n a ly z e  th e  c a u ses  o f  th e  v a r ia t io n  in  income 

th a t  o p to m e tr is ts  r e c e iv e  from  th e ir  p r o fe s s io n a l  p r a c t ic e s .  To p u t t h is  

a n o th er  way, our concern i s  w ith  th e  q u e s t io n !  Why do some o p to m e tr is ts  

earn  more than o th e r s?  A lthough  th e r e  have been  fe w , i f  any, a tte irp ts  

in  th e  p a s t  t o  e x p la in  in t r a -o c c u p a t io n a l  incom e d i s t r i b u t i o n s ,  we need  

n o t  be a t  a  l o s s  f o r  a  p o in t  o f  d ep a r tu re . The human c a p i t a l  th eo ry  o f  

income d is t r ib u t io n ,  o r i g i n a l l y  d e v ise d  a s  an ex p la n a tio n  o f  th e v a r ia t io n  

i n  la b o r  incom es, has many in t e r e s t in g  im p lic a t io n s  f o r  our a n a ly s is  o f  

th e  d is t r ib u t io n  o f  o p to m etr ic  in com es.

The Human C a p ita l Theory o f  Income D is t r ib u t io n

The prim ary d eterm in ant o f  la b o r  in com es, a cco rd in g  to  human c a p i t a l  

th e o r y , i s  in d iv id u a l  in v estm en t b e h a v io r . V a r ia t io n  in  la b o r  incom es 

r e s u l t s  from  th e  f a c t  th a t  in d iv id u a ls  ch o o se  t o  u nd ertak e d i f f e r e n t  

amounts o f  t r a in in g ,  or choose d i f f e r e n t  s to c k s  o f  human c a p i t a l .  Those 

who ch oose more s c h o o lin g  put o f f  t h e ir  e a r n in g s  u n t i l  l a t e r  in  t h e i r  

l i v e s  and t h i s ,  a cco rd in g  t o  M incer, i s  th e  b a s ic  cau se o f  d i f f e r e n t i a l s  

in  la b o r  ea rn in g s .^ - B es id e s  s c h o o l in g ,  in d iv id u a ls  add to  t h e i r  s to c k  

o f human c a p i t a l  by accu m u latin g  work e x p e r ie n c e  and u n d erta k in g  o th er  

forms o f  p o s t  sc h o o l in v e s tm e n t .

E m p ir ica l work in  income d is t r ib u t io n  t h a t  i s  m odeled on human

c a p i t a l  th e o r y  c e n te r s  around th e  e s t im a t io n  o f  th e  fo l lo w in g  .eq u a tio n :

2
Y =* o i + b]_ S. + b2 E + b^ E + u 

where S i s  number o f  y ea rs  o f  s c h o o lin g  and E i s  th e  number o f  y e a r s  o f  work



e x p e r ie n c e ,. The c o e f f i c i e n t  can be in te r p r e te d

a s th e  in t e r n a l  r a t e  o f  re tu rn  on s c h o o l in g .  The c o e f f i c i e n t s  bg and

b^ are p a r t ly  determ ined  by th e  in t e r n a l  r a t e  o f  re tu rn  on p o s t  s c h o o l  
2

in v e s tm e n ts . The E term  i s  in c lu d ed  b ecau se  o f  th e  n o n - lin e a r  r e la t io n s h ip  

betw een ex p er ien ce  and lo g  e a r n in g s . For an overv iew  o f  human c a p i t a l  

th e o r y  and o f  th e  e m p ir ic a l work i t  has encouraged , se e  M in cer's su rvey
O

a r t i c l e .

S p e c i f ic a t io n  o f  Income G enerating F u n ction s fo r  O ptom etric Income 

To b eg in  our exam ination  o f  th e  d eterm in a n ts o f  th e  income o f  

o p to m e tr is ts  from t h e i r  p r o fe s s io n a l  p r a c t ic e s ,  we s h a l l  borrow c o n s id e ra b ly  

from human c a p i t a l  th eo r y . However, human c a p i t a l  th eo ry  cannot p ro v id e  

a com plete e x p la n a t io n  o f  th e  v a r ia t io n  in  th e  incom es o f  o p to m e tr is t s .

There are o th e r  ex p la n a to ry  f a c t o r s ,  p a r t ic u la r ly  on th e  demand s id e ,  

which are a l s o  o f  im p ortan ce . In  f a c t ,  i t  w i l l  be b e s t  to  th in k  o f  th e  

income g e n er a tin g  fu n c t io n  th a t  we w i l l  e v e n tu a l ly  s p e c i f y  a s a  redu ced  

form  eq u a tio n  which f a l l s  o u t o f  a  market model f o r  o p to m etr ic  s e r v ic e s  

th a t  would be s im ila r  to  th e  mod*/ e s t im a te d  in  th e  p reced in g  c h a p te r .

A ll  v a r ia b le s  we s h a l l  d is c u s s  below  w i l l  appear i n  our e s t im a ted  

income g e n e r a tin g  fu n c t io n s .  Our prim ary d a ta  so u rce  i s  th e  1970 H affner  

su rvey  o f  o p to m e tr is t s ,  w ith  supplem entary in fo rm a tio n  from  th e  1970 c e n su s .  

V a r ia b le s  n o t  in c lu d ed  in  th e H affner su rv ey  and c o l l e c t e d  from cen su s  

d a ta  a re  i d e n t i f i e d .  For a d e s c r ip t io n  o f  th e  H affn er su rv ey , s e e  

Appendix B. We s h a l l  s t a r t  th e  d is c u s s io n  by c o n s id e r in g  th e  o p to m e tr is t 's  

in vestm en t i n  s c h o o lin g .

Y ears o f  P r o f e s s io n a l  S ch o o lin g

The le n g th  o f  th e  p r o fe s s io n a l  cu rricu lu m  i n  each o f  th e  12 optom etry



s c h o o ls  in  th e  U .S . tod ay  i s  fo u r  y e a r s .  However, i t  was n o t u n t i l  th e  

mid I 9 6 0 's t h a t  a l l  optom etry s c h o o ls  had exten ded  th e ir  cu rr icu lu m  to  

fo u r  y e a r s ,  and many o p to m e tr is ts  p r e s e n t ly  p r a c t ic in g  have had a  

p r o fe s s io n a l  cu rr icu lu m  o f  two or th r e e  y ea rs  ( s e e  Chapter I I ,  T able 1 , 

p . 1 7 ) •  The e x te n s io n  o f  th e  cu rricu lu m  was n e c e s s a r y , a cco rd in g  t o  th e  

a d m in is tr a to r s  o f  optom etry s c h o o ls ,  b ecau se optom etry  had become a  more 

com plex s c ie n c e  and o p to m e tr is ts ,  th e r e fo r e ,  r eq u ired  more com plete and 

r ig o r o u s  t r a in in g .  T h is i s  n o t ,  how ever, th e  o n ly  p o ss ib le , m o tiv e . Many 

eco n o m ists  would argue th a t  th e  le n g th  o f  optom etry s c h o o lin g  may have 

been in c r e a se d  so  as t o  d isco u ra g e  e n tr y  in t o  th e p r o fe s s io n .

Our em p ir ic a l r e s u l t s  w i l l  g iv e  some in s ig h t  in t o  which o f  th e se  

m o tiv es  m ight have been  more dom inant. By e n te r in g  y ea rs  o f  p r o fe s s io n a l  

s c h o o lin g  in t o  our income g e n e r a tin g  fu n c t io n s  we can e s t im a te  th e  re tu rn  

a s s o c ia te d  w ith  a d d it io n a l y ea r s  o f  p r o fe s s io n a l  s c h o o lin g . I f  consumers 

o f  o p tom etric  s e r v ic e s  have n o t reco g n iz ed  th e  v a lu e  o f  in c r e a se d  te c h n ic a l  

t r a in in g  fo r  o p to m e tr is ts  by o f f e r in g  h ig h er  rew ards to  th o s e  o p to m e tr is ts  

w ith  more e x te n s iv e  t r a in in g ,  th en  we must be s u s p ic io u s  o f  th e  id e a  th a t  

t h i s  tr a in in g  i s  in  some se n se  n e c e s sa r y  and c o n s id e r  the p o s s i b i l i t y  o f  

e x tr a  y ea rs  o f  t r a in in g  as a b a r r ie r  to  e n tr y . I t  should  be n oted  th a t  

y e a r s  o f  p r o fe s s io n a l  s c h o o lin g  d i f f e r  by age or ex p er ien ce  o f  th e  

o p to m e tr is t .  T able 1 p r e s e n ts  a c r o s s  ta b u la t io n  o f  le n g th  o f  p r o fe s s io n a l  

cu rricu lu m  by y ea rs  o f  p r a c t ic e  a s an o p to m e tr is t .  There i s  v a r ia t io n  in  

y ea r s  o f  p r o fe s s io n a l  s c h o o lin g ,  even  fo r  th o se  o p to m e tr is ts  w ith  o n ly  

1 - 5  y ea r s  o f  e x p e r ie n c e . S ix t y - f iv e  p erc en t o f  th ese  o p to m e tr is ts  had 

th r e e  yea r  cu rr icu lu m s, 3U p erc en t had fo u r  y ea r , and one p e r c e n t  had 

two y e a r s . Y ears o f  p r o fe s s io n a l  s c h o o lin g  d i f f e r s  by ex p er ien ce  a s  a



TABLE 1

LENGTH OF OPTOMETRY SCHOOL CURRICULUM 
BY YEARS OF PRACTICE, HAFFNER 

SAMPLE OF OPTOMETRISTS,1970

Length o f Curriculum (Percent of Row)
Years o f 
Experience 2 3 U N

1-1; 65% 35 277

5-9 75 25 178

10-11; 2 68 30 238

15-19 h 50 U5 351

20-21; 17 28 55 U25

25-29 17 26 57 118

30-31; 32 UU 2U 112

35-39 55 32 12 68

UO-UU 66 27 7 Ul

U5-U9 65 30 h 23

5o ♦ 100 5

SOURCE; A.N. Haffner, A N ational Study o f A ssisting  Manpower In  
Optometry. Dept, o f Labor C ontract 8 l-3 ii-7 0 -ll, 1971.



p r a c t ic in g  o p to m e tr is t  b ecau se th e  le n g th e n in g  o f  th e  optom etry sch o o l  

cu rricu lu m s d id  n o t  occur u n ifo rm ly  a c r o ss  op tom etry s c h o o ls .  As a 

r e s u l t ,  le n g th  o f  p r o f e s s io n a l  tr a in in g  i s  n o t  determ ined by  th e  age  

o f  th e  o p to m e tr is t ,  and w ith  ex p er ie n c e  h e ld  c o n s ta n t  th e r e  s t i l l  e x i s t s  

v a r ia t io n  in  y e a r s  o f  p r o fe s s io n a l  s c h o o lin g .

Y ears o f  Undergraduate S ch oo lin g

To be e l i g i b l e  f o r  ad m ission  t o  optom etry s c h o o l ,  an a p p lic a n t  

must have com pleted  a t  l e a s t  two y e a r s  o f  undergraduate s c h o o l .  However, 

a la r g e  number o f  o p to m e tr is ts  p r e s e n t ly  p r a c t ic in g  have com pleted  more 

than  two undergraduate y ea rs  (s e e  Chapter I I ,  T able 1 , p . 1*7 ) •  Human 

c a p i t a l  th eo ry  would p r e d ic t  th a t  th e r e  should  be p o s i t iv e  re tu rn s  to  

th e  in v estm en t i n  th e  e x tr a  y ea rs o f  undergraduate s c h o o lin g . To c o n tr o l  

f o r  th e  e f f e c t  o f  in v estm en t in  undergraduate sc h o o lin g  on th e  income 

o f  o p to m e tr is ts  from  t h e ir  p r o fe s s io n a l  p r a c t ic e s ,  we in c lu d e  th e  number 

o f  y ea r s  o f  undergraduate sc h o o lin g  as an ind ep en d en t v a r ia b le  in  our  

income g e n e r a tin g  fu n c t io n s .  The l i k e l y  e x p la n a t io n  o f  why th e  e x tr a  

y e a r s  o f  undergraduate s c h o o lin g  are undertaken by many o p to m e tr is ts  

i s  t h a t  ca reer  d e c is io n s  a re not made by th e s e  in d iv id u a ls  u n t i l  l a t e  

in  t h e i r  c o l l e g e  l i f e .  Of c o u r se , th e  argument co u ld  be made th a t  th e s e  

y e a r s  o f  s c h o o lin g  were in  no sen se  e x t r a ,  b u t req u ired  t o  g a in  en try  

in t o  th e  p r o fe s s io n  in  th e  sen se  th e y  were n e c e s s a r y  to  overcom e o th er  

d e f i c i e n c ie s  i n  th e  a p p lic a n ts  background, such a s  poor g r a d e s . T his  

a s s e r t io n  i s  p rob ab ly  n ot c o r r e c t .  The c o r r e la t io n  betw een c la s s  

s ta n d in g  in  optom etry sc h o o l and le n g th  o f  undergraduate s c h o o l i s  

p o s i t i v e ,  in d ic a t in g  th a t  th o se  w ith  e x tr a  y ea rs  o f  undergraduate



sc h o o lin g  do n o t la c k  a b i l i t y  r e la t i v e  t o  th o se  o p to m e tr is ts  w ith  th e  

minimum two y e a r s  o f  c o l l e g e  t r a in in g .

Y ears o f  E xperien ce

Y ears o f  e x p er ie n c e  i s  an im p ortan t d eterm in an t o f  la b o r  incom es, 

a cco rd in g  to  human c a p i t a l  t h e o r i s t s ,  b ecau se i t  s e r v e s  a s a  proxy fo r  

p o s t - s c h o o l  in v estm en t in  human c a p i t a l .  I t  i s  c le a r  th a t  th e  number o f  

y e a r s  an o p to m e tr is t  has been  in  p r a c t ic e  sh ou ld  be an im p ortan t d eterm in ant 

o f  h is  incom e. An o p to m e tr is t 's  income sh ou ld  in c r e a s e  in  h is  e a r ly  

y ea rs as he b u i ld s  h i s  p r a c t ic e  and d e c lin e  in  h i s  l a t e r  y ea r s  a s he 

approaches r e t ir e m e n t . A human c a p i t a l  e x p la n a t io n  i s  r e le v a n t  to  t h i s  

ex p ec ted  p a r a b o lic  ea rn in g s  -  e x p er ie n c e  p r o f i le ?  in  th e  e a r ly  y ea r s  

o p to m e tr is ts  sh ou ld  p r o f i t  from t h e i r  on th e jo b  ex p er ien ce  by le a r n in g  

how to  o p era te  more e f f i c i e n t y  and how to  in c r e a s e  t h e ir  p a t ie n t  lo a d s :  

in  l a t e r  y e a r s  d e te r io r a t in g  h e a lth  s to c k s  mean lo w er  ea r n in g s  and an 

in c r e a s e  i n  req u ired  l e i s u r e  t im e . However, th e  human c a p i t a l  e x p la n a tio n  

i s  n o t co m p lete , fo r  i f  we were to  c o n s id e r  a h y p o th e t ic a l  o p to m e tr is t  

who in  no way adds to  h is  s to c k  o f  human c a p i t a l  d urin g  h is  e a r ly  y ea rs  

o f  e x p e r ie n c e , we would s t i l l  e x p e c t  to  f in d  th e s e  e a r ly  y e a r s  c h a r a c te r iz e d  

by in c rea se d  ea r n in g s . T h is in c r e a s e  in  e a r n in g s  would be due t o  an 

in c rea se d  p a t ie n t  lo a d  r e s u l t in g  from  p a t ie n t  r e f e r r a l s ,  know ledge sp rea d in g  

through th e  community co n cern in g  th e  p r a c t ic e ,  e t c .

We s h a l l  examine th e  e a r n in g s -e x p e r ie n c e  p r o f i l e  o f  o p to m e tr is ts  

by in c lu d in g  e x p er ie n c e  and e x p er ie n c e  squared i n  our income g en er a tin g  

fu n c t io n s .

Number o f  S ta t e s  L icen ses

An o p to m e tr is t 's  i n t e r - s t a t e  m o b il ity  i s  h in d ered  by s t a t e  l i c e n s in g



8 5 .

req u irem en ts . Those o p to m e tr is ts  who have s u c c e s s f u l ly  p a ssed  th e  

n a t io n a l  board exams a re exempt from th e  req u irem en t o f  th e  w r it te n  

exam in ation  i n  some s t a t e s ,  a lth ou gh  20 s t a t e s  in  1 9 7 0  s t i l l  d id  n ot  

a c c e p t  n a t io n a l  board s c o r e s  as m eetin g  th e  requ irem ent o f  th e  w r it te n  

exam. An o p to m e tr is t  who i s  a t t r a c te d  t o  another s t a t e ,  perhaps because  

o f  th e  p o s s i b i l i t y  o f  ea rn in g  h ig h er  incom e, must th en  u ndertake an 

a d d it io n a l  in v estm en t in  h i s  human c a p i t a l  in  th e  form  o f  a t  l e a s t  

p rep a r in g  fo r  th e  c l i n i c a l  exam in ation  i f  n o t fo r  th e  w r it te n  exam ination  

a s  w e l l .  S im ila r ly ,  an o p to m e tr is t  who has p assed  th e  n a t io n a l  boards 

has undertaken an in v estm en t in  human c a p i t a l  th a t  in s u r e s  him more o f  

an o p p o rtu n ity  fo r  in t e r s t a t e  m o b ility  than  i f  he had n o t .  S ix t y - f iv e  

p e r c e n t o f  a l l  o p to m e tr is ts  i n  p r a c t ic e  in  1970 were l i c e n s e d  t o  p r a c t ic e  

in  o n ly  one s t a t e  ( s e e  T able 2 ) .  Only 17 p e r c e n t  o f  p r a c t ic in g  

o p to m e tr is ts  in  1970 were l ic e n s e d  by th e  n a t io n a l  b oard ,^  b u t t h i s  r a th e r  

low  f ig u r e  can be e x p la in e d  i n  p a r t  by th e f a c t  th a t  th e  exam in ation  has 

o n ly  been ad m in istered  s in c e  1 952 . T able 3 shows th e  r e la t io n s h ip  between  

n a t io n a l  board l ic e n s u r e  and y ea rs  o f  e x p e r ie n c e . C le a r ly  l e s s  ex p er ien ced  

or younger o p to m e tr is ts  are more l i k e l y  to  be l i c e n s e d  by th e  n a t io n a l  

board .

We would ex p ec t th a t  in v estm en t in  i n t e r - s t a t e  m o b il it y  would be 

rewarded by h ig h er  incom e, and we s h a l l  t e s t  t h i s  h y p o th e s is  by e n te r in g  

th e  number o f  s t a t e s  l i c e n s e d  and a  0 -1  dummy, where 1  in d ic a t e s  th o se  

o p to m e tr is ts  l ic e n s e d  by th e  n a t io n a l  board , a s v a r ia b le s  in  our income 

g e n e r a tin g  fu n c t io n s .

C la ss  S tan d in g  in  Optometry School

C r it ic is m  has been l e v e le d  a t  many e s t im a ted  incom e g e n er a tin g  

fu n c t io n s  m odeled on human c a p i t a l  th eo ry  b eca u se  th e y  have f a i l e d  to



TABLE 2

NUMBER OF STATE LICBISES HELD, HAFFNER 
SAMPLE OF OPTOMETRISTS, 1970

One S ta te 6 #

Two S ta te s 26

Three S ta tes 8

Four S ta te s  o r more 1
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TABLE 3

NATIONAL BOARD LICENSE HI TEARS OP PRACTICE, 
HAFFNER SAMPLE OF OPTOMETRISTS, 1970

N ational Board License (P ercen t o f row)
Tears of 
Experience Tes No N

1-1* m 52 265

5-9 1*0 60 176

10-H* 2k 76 232

15-19 9 91 331*

20-21* 3 97 1*08

25-29 3 97 111*

30-3U 100 106

35-39 5 90 65

hO-hk 11* 87 37

1*5-1*9 5 95 20

50 + 100 1*



c o n tr o l  f o r  a b i l i t y .  I t  has b een  a l le g e d ,  fo r  exam ple, t h a t  th e  h ig h  

r a te  o f  r e tu r n  to  a c o l le g e  e d u ca tio n  found by many in v e s t ig a t o r s  in  

p a r t  r e s u l t s  from  th e  f a c t  th a t  in d iv id u a ls  w ith  more in t e l l ig e n c e  or  

a b i l i t y  are more l i k e l y  to  go t o  c o l le g e .  The r a t e  o f  r e tu rn  i s  b ia se d  

upward b ecau se i t  ca p tu res  r e tu r n s  to  a b i l i t y  as w e ll  as t o  th e  e x tr a  

y ea rs  o f  s c h o o lin g .  W elch, in  h i s  summary o f  th e  l i t e r a t u r e  on th e  

r e la t io n s h ip s  betw een incom e, s c h o o lin g  and a b i l i t y ,  co n clu d es th a t  

" b ia se s  in  e s t im a ted  r a t e s  o f  r e tu r n  to  in v estm en ts  in  s c h o o lin g  have  

prob ably  been l e s s  than  10SS due t o  a f a i lu r e  to  c o r r e c t  f o r  i n i t i a l  

a b ility ." " *  Our i n t e r e s t  in  a b i l i t y  r e s u l t s  not o n ly  from th e  f a c t  th a t  

we w ish th e  o th er  c o e f f i c i e n t s  i n  our income g e n er a tin g  fu n c t io n s  t o  be 

u n b ia sed , b u t a ls o  from a c u r io s i t y  about th e  r e tu r n s  to  a b i l i t y  i t s e l f  

f o r  an o p to m e tr is t  engaged in  p r a c t ic e .  Welch r e p o r ts  th a t  p a s t  re sea rc h  

in d ic a t e s  a  one stan d ard  d e v ia t io n  in c r e a s e  in  a b i l i t y  w i l l  in c r e a s e  

ea rn in g s  by l e s s  than

U n fo r tu n a te ly , a b i l i t y  m easures a re  n o t u s u a l ly  c o l l e c t e d  in  most 

su r v e y s , one reason  b e in g  th a t  m ost in d iv id u a ls  do n o t know what t h e ir  

a b i l i t y  i s  a s ,  sa y , measured by  IQ s c o r e s .  H owever, one measure we do 

have a t  our d is p o s a l  f o r  o p to m e tr is ts  i s  th e ir  c l a s s  s ta n d in g  in  optom etry  

s c h o o l.  C la ss  s ta n d in g  in  optom etry sc h o o l i6  o n ly  p a r t i a l l y  determ ined  

by a b i l i t y ;  stu d y  h a b it s  and a  c a p a b il i t y  to  d e a l w ith  i n s t i t u t io n s  and 

th e  p r e se n t form  o f  d e l iv e r y  o f  e d u c a tio n a l s e r v ic e s  may be even more 

im p ortan t. I t  i s  undoubted ly tr u e  th a t th e  re tu rn s  to  h igh  s ta n d in g  in  

optom etry sc h o o l are g r e a te r  th a n  re tu rn s to  a h ig h  endowment o f  raw 

a b i l i t y ,  s in c e  h igh  c la s s  s ta n d in g  a ls o  r e p r e s e n ts  the s o c i a l i z a t i o n  and 

d is c ip l in e  a s p e c t s  th a t  may be more im portant th an  raw a b i l i t y  in  d ev e lo p in g  

an op tom etr ic  p r a c t ic e .



C la ss  s ta n d in g  i s  in c lu d ed  a s  an independent v a r ia b le  in  our 

income g en er a tin g  fu n c t io n s .

Race and Sex o f  th e  O p tom etrist

Optometry i s  a  p r o fe s s io n  p r a c t ic e d  a lm o st e x c lu s iv e ly  by w h ite  

m ales ( s e e  Table U) • The la c k  o f  n on -w h ite  and fem ale  o p to m e tr is ts  

r e s u l t s  e i t h e r  from  d isc r im in a tio n  by optom etry sc h o o ls  a g a in s t  fem a le  

H/tl n on-w hite a p p lic a n ts  o r  from a r e lu c ta n c e  on th e p a r t  o f  n o n -w h ites  

and fem a les  to  e n te r  th e  op tom etr ic  p r o fe s s io n . I f  custom er d isc r im in a tio n  

a g a in s t  women and n o n -w h ite  p r a c t i t io n e r s  e x i s t s ,  th en  th e s e  in d iv id u a ls  

should  have a g r e a te r  r e lu c ta n c e  t o  e n te r  optom etry sc h o o ls  than  w h ite  

m a les. The ra ce  (w h ite ,  n o n -w h ite ) and se x  o f  th e  p r a c t i t io n e r  i s  en tered  

in t o  th e  e s t im a ted  m odels by the u s e  o f  dummy v a r ia b le s .  I t  w i l l  be 

in t e r e s t in g  to  see  w hether fem ale  o r  n on-w hite o p to m e tr is ts  r e c e iv e  low er  

incom es from  th e ir  p r a c t ic e s  than  m ales or w h ite s ,  h o ld in g  a b i l i t y ,  

ex p er ie n c e  and o th e r  v a r ia b le s  c o n s ta n t .

F u ll  or  P art Time P r a c t ic e

An o p to m e tr is t ’ s commitment t o  h is  p r o f e s s io n a l  p r a c t ic e  in  term s 

o f  th e  tim e he d e v o te s  to  i t  i s  an im portant v a r ia b le  to  c o n tr o l  f o r  in  

th e  income g e n e r a tin g  fu n c t io n . F a i lu r e  t o  c o n tr o l f o r  commitment to  

p r a c t ic e  co u ld  make i t  d i f f i c u l t  t o  in t e r p r e t  o th er  v a r ia b le s  in  th e  

r e g r e s s io n  e q u a tio n . For exam ple, i f  fem ale o p to m e tr is ts  d ev o te  l e s s  

tim e to  t h e i r  p r a c t ic e s  on an an nu al b a s is  than  t h e i r  male c o u n te r p a r ts , 

human c a p i t a l  th e o r y  would p r e d ic t  sm a ller  annual ea rn in g s  f o r  fem ale  

o p to m e tr is ts ,  even  w ith  y e a r s  o f  p r a c t ic e  c o n tr o lle d  f o r ,  b eca u se  t h e i r  

accum ulated work fo r c e  ex p er ien ce  would be l e s s .  V ic to r  Fuchs has found  

th a t  a s u b s ta n t ia l  p o r t io n  o f  th e  d i f f e r e n t i a l  in  m a le-fem a le  h ourly



TABLE U

RACE AND SEX 07 OPTOMETRISTS, 
HAFFNER SAMPLE OF OPTOMETRISTS,1970

SEX

97%

3

RACE

American Ind ian  •2%

Black American .6%

Mexican American .2%

O rien ta l American 1.2%

Puerto Rican

White American 97%

Other .$%

Male

Female



earnings can be explained by the fa c t  th a t  females are le s s  comntLtted
7

t o  th e  la b o r  fo r c e  than  m a les . G iven th e  p o s s i b i l i t y  th a t  fem ale  

o p to m e tr is ts  may be l e s s  d ev o ted  t o  t h e i r  p r a c t ic e s  than m ale o p to m e tr is t s ,  

i t  would be d i f f i c u l t  to  e s t a b l i s h  whether fem a le  o p to m e tr is ts  are 

d isc r im in a te d  a g a in s t  by p o t e n t ia l  p a t i e n t s ,  u n le s s  commitment to  p r a c t ic e  

was c o n tr o l le d  f o r .

One measure a v a i la b le  in  th e  H affner su rv ey  o f  th e  annual amount 

o f  tim e d evoted  to  p r o fe s s io n a l  p r a c t ic e  i s  whether th e  o p to m e tr is t  

p r a c t ic e s  on a  f u l l  o r  p a r t- t im e  b a s i s .  T h is dummy v a r ia b le  i s  e n te red  

in t o  th e  income g e n e r a tin g  fu n c t io n  and ta k e s  on a  v a lu e  o f  one fo r  p a r t  

tim e p r a c t ic e s  and a  v a lu e  o f  zero  o th e r w ise . Only fo u r  p erc en t o f  th e  

resp on d in g  o p to m e tr is ts  in  th e  H affn er su rv ey  c a l le d  t h e i r  p r a c t ic e  p a r t  

tim e.®

R e lig io n

A r e l i g i o n  dummy (l= J e w , 0=Non-Jew) i s  in c lu d e d  i n  th e  e s t im a ted

model o f  o p to m e tr is t 's  annual e a r n in g s . There appears t o  be an a s to n is h in g ly

h igh  number o f  Jew ish  o p to m e tr is ts  r e la t i v e  to  t h e i r  r e p r e s e n ta t io n  in

th e  U .S . p o p u la tio n  a s  a  w h ole. T able 5 shows th a t  2U p e r c e n t o f  th e

resp o n d en ts  i n  th e  H affn er su rvey  were members o f  th e  Jew ish  f a i t h .

About th r e e  p e r c e n t  o f  th e  U .S . p o p u la tio n  i s  J ew ish . Jews may be

a t t r a c te d  t o  optom etry in  d isp r o p o r t io n a te  numbers b eca u se  o f  a  h ig h

p r o p e n s ity  to  seek  p r o fe s s io n a l  c a r e e r s .  We have a lrea d y  shown th a t  many

o p to m e tr is t s ,  a t  l e a s t  a t  one s ta g e  in  th e ir  l i v e s  had a  s tr o n g  i n t e r e s t
o

in  a  c a r e e r  i n  m e d ic in e . A nother p o s s ib le  e x p la n a tio n  o f  why th er e  i s  

a la r g e  number o f  Jew ish  o p to m e tr is ts  i s  th a t  Jews may be b e t t e r  p r a c t i t io n e r s



TABLE 5

RELIGIOUS DENOMINATION OF OPTOMETRISTS, 
HAFFNER SAMPLE OF OPTOMETRISTS,1970

Roman Catholic 17*

P ro te s ta n t &

Jewish 2k

Other 3



o f  optom etry than  n on-Jew s, and a s a r e s u l t  r e c e iv e  h ig h er  incom es from  

p r a c t ic in g  optom etry . T h is would make th e  r a t e  o f  r e tu r n  from p r a c t ic in g  

optomBtry h ig h e r  f o r  Jews th an  non-Jew s; and th e  r e s u l t  sh o u ld  be a  

d isp r o p o r t io n a te  number o f  Jews a t t r a c te d  t o  optom etry i f  r a t e s  o f  r e tu r n  

f o r  Jews and non-Jews a re s im ila r  i n  o th er  o c c u p a tio n s . I f  Jews do have 

t r a i t s  th a t  make them b e t t e r  o p to m e tr is t s ,  how ever, i t  i s  hard to  im agine  

how th e s e  same t r a i t s  would n o t s im i la r ly  reward them in  many o th er  

p r o f e s s io n s .

The Number o f  Competing Eye P r o f e s s io n a ls

B esid es  th e o p to m e tr is t 's  s to c k  o f  human c a p i t a l ,  th er e  are o th er  

in f lu e n c e s  which we would ex p e c t to  a f f e c t  h is  incom e. C e r ta in ly  a 

r e l a t i v e l y  h ig h  p er  c a p ita  number o f  com peting eye p r o fe s s io n a ls  p r a c t ic in g  

in  th e same community sh ou ld  a d v e r se ly  a f f e c t  an o p to m e tr is t 's  incom e.

Both o p h th a lm o lo g is ts  and o p t ic ia n s  o f f e r  s e r v ic e s  th a t  d ir e c t l y  compete 

w ith  th o se  o f  th e  o p to m e tr is t .  O b viou sly  o th e r  o p to m e tr is ts  i n  th e  

community a ls o  o f f e r  com peting s e r v ic e s .  To exam ine th e  e x te n t  to  w hich  

th e  p er  c a p ita  number o f  com peting eye p r o fe s s io n a ls  i n  th e  same community 

a d v e r se ly  e f f e c t s  an o p to m e tr is ts '  incom e, we in c lu d e  in  our income 

g e n e r a tin g  fu n c t io n s  th e  number o f  p h y s ic ia n s  in  th e  o p to m e tr is t 's  

community who su p p ly  eye exam in ation s a s  w e ll  a s  th e  number o f  o p to m e tr is ts ,  

b o th  w eigh ted  by  l / ( p o p u la t io n  o f  th e  com m unity). The number o f  o p t ic ia n s  

co u ld  n o t be in c lu d ed  b eca u se  th e  d a ta  i s  n o t a v a i la b le .

The number o f  o p to m e tr is ts  and o p h th a lm o lo g is ts  by p la c e  o f  r e s id e n c e  

was o b ta in ed  from th e  1970 B lue Book o f  Optometry and from  th e  1970 Red 

Book o f  Ophthalm ology and O to la r y n g o lo g y .^  There were two problem s 

en co u n tered  i n  c o l l e c t i n g  th e  d a ta . Both books in c lu d e  r e t ir e d  p r a c t i t io n e r s



i n  t h e i r  l i s t i n g s  so  our f ig u r e s  o v e r e s t im a te  a c t iv e  p r a c t i t io n e r s .  

A d d it io n a l ly ,  th e r e  are s t i l l  many EENT ( e y e ,  e a r s ,  n o se  and th r o a t)  

men o r  ENT (e y e ,  n o s e , th r o a t )  men who p r a c t ic e  op hthalm ology. These 

p h y s ic ia n s  were in c lu d ed  in  our count o f  o p h th a lm o lo g is ts .

The socioecon om ic c h a r a c t e r is t ic s  o f  th e  community in  which th e  

o p to m e tr is t  p r a c t ic e s  sh ou ld  a ls o  p la y  a r o le  i n  d eterm in in g  th e  o p to m e tr is t 's  

incom e. T his i s  because th e r e  are d if f e r e n c e s  in  v i s u a l  a c q u ity  by age 

and r a c e ,  and b eca u se  th e r e  are d i f f e r e n c e s  in  th e  u t i l i z a t i o n  o f  

c o r r e c t iv e  le n s e s  by age, r a c e , income and e d u c a tio n . These d if f e r e n c e s  

have been d e sc r ib e d  in  ch a p ter  I I I .  The v o llo w in g  v a r ia b le s  are  en tered  

in t o  the income g en e r a tin g  fu n c t io n  to  c o n tr o l  fo r  th e s e  demand s id e  

in f lu e n c e s :  p e r c e n t o f  th e  p o p u la tio n  65 y e a r s  o f  age and o v e r , median 

fa m ily  incom e, p e r c e n t n o n -w h ite , and p e r c e n t o f  th e  p o p u la tio n  25 and 

o v er  who have com pleted  h ig h  s c h o o l. These v a r ia b le s  are s p e c i f i c  to  

th e  o p to m e tr is t 's  p la c e  o f  p r a c t ic e  and were c o l l e c t e d  from th e  1970  

c e n su s .

P r o f e s s io n a l  R e s t r ic t io n s  on th e  P r a c t ic e  o f  Optometry

There are  sev e re  r e s t r i c t io n s  on th e  p r a c t ic e  o f  op tom etry in  many

s t a t e s  a s a  c o n d it io n  o f  l i c e n s e .  As d is c u s s e d  in  ch a p ter  I I I ,  many s t a t e s

r e s t r i c t  th e  a d v e r t is in g  o f  o p to m etr ic  s e r v ic e s .  Lee Benham h as been

c a r e f u l ly  exam ining the e f f e c t s  o f  p r o fe s s io n a l  r e s t r i c t io n s  on th e  p r ic e s

p a id  fo r  e y e g la s s e s  and on th e freq u en cy  w ith  which in d iv id u a ls  purchase

e y e g l a s s e s .^  T h is work i s  p r e s e n t ly  i n  p ro g re ss  and i s  an outgrow th o f

h i s  p rev io u s  re sea rc h  on th e  e f f e c t  o f  a d v e r t is in g  r e s t r i c t io n s  on th e

12
p r ic e  p a id  fo r  e y e g la s s e s  in  1963. In  h is  p r e s e n t  work, Benham c l a s s i f i e s  

s t a t e s  in t o  r e s t r i c t i v e ,  n o n - r e s t r i c t iv e ,  and o th e r  c a t e g o r ie s  fo r  th e



95 .

y e a r , 1970. In  g e n e r a l, n o n - r e s t r ic t iv e  s t a t e s  are th o se  which do n o t  

r e s t r i c t  a d v e r t is in g  and a llo w  th e  employment o f  o p to m e tr is ts  by 

c o r p o r a tio n s . Some s t a t e s  do n o t a llo w  o p to m e tr is ts  t o  be employed  

by c o r p o r a tio n s  in  order to  d isco u ra g e  th e  developm ent o f  "com m ercial", 

or h ig h  volume departm ent s to r e  typ e o p to m etr ic  p r a c t ic e s .  Benham 

c l a s s i f i e d  s t a t e s  on th e  b a s is  o f  in fo rm a tio n  su p p lied  by r e p r e s e n ta t iv e s  

o f  f i v e  la r g e  com m ercial f ir m s .

The q u e s t io n  o f  i n t e r e s t  to  u s  i s  th e e f f e c t  o f  th e  r e s t r i c t io n s  

on th e  p r a c t ic e  o f  optom etry on th e  incom es o f  o p to m e tr is ts .  We have 

shown i n  ch a p ter  I I I ,  fo r  e x a n p le , th a t  a d v e r t is in g  by o p to m e tr is ts  

Wny . s h i f t  th e  demand curve fo r  t h e ir  s e r v ic e s  to  th e  r ig h t .

H olding p r ic e  c o n s ta n t , the e f f e c t  o f  th e  r igh tw ard  s h i f t  would be to  

in c r e a s e  th e  reven ues to  o p to m e tr is ts .  However, Lee Benham has shown 

th a t  a d v e r t is in g  r e s u l t s  in  more c o m p e tit iv e  ( i . e . ,  lo w er) p r i c e s .  I t  

i s  n o t c l e a r ,  th en , th a t  a  more l a i s s e z  f a i r e  atm osphere w i l l  n e c e s s a r i ly  

r e s u l t  in  h ig h er  n e t incom es f o r  o p to m e tr is t s .  H igher volum es may be 

o f f s e t  by lo w e r , more c o m p e tit iv e  p r ic e s  and th e  in c r e a se d  c o s t  o f  

co n d u ctin g  an op tom etric  p r a c t ic e  b rou ght on by a d v e r t is in g  e x p e n d itu r e s .  

S in ce  p r o fe s s io n a l  r e s t r i c t io n s  on th e  p r a c t ic e  o f  optom etry have in c rea se d  

ov er  t im e , o p to m e tr is ts  a p p a ren tly  f e e l  i t  i s  in  t h e ir  own i n t e r e s t  to  

mold th e ir  p r o fe s s io n  a lo n g  th e  l i n e s  o f  p h y s ic ia n  p r a c t ic e s  and to  

d isco u ra g e  th e  la r g e r  com m ercial e s ta b lish m e n ts  which resem b le r e t a i l  

o u t l e t s W e  can in v e s t ig a t e  whether i t  i s  in  th e  i n t e r e s t  o f  o p to m e tr is t s ,  

a s measured by n e t  income from  p r a c t ic e ,  to  in c r e a s e  th e  r e s t r i c t io n s  

on in fo rm a tio n  th a t  can be d issem in a ted  t o  the p u b lic  and t o  d isco u ra g e  

th e  developm ent o f  com m ercial f ir m s . To do s o ,  we e n te r  two dummy 

v a r ia b le s  in t o  th e  income g e n e r a tin g  fu n c t io n  which ta k e  on a v a lu e  o f



one f o r  Benham's " r e s tr ic t iv e "  and "other" s t a t e s ,  r e s p e c t iv e ly .

R egion o f  P r a c t ic e  and P o p u la tio n  o f  
Community o f  P r a c t ic e

Because wages and p r ic e s  ten d  to  be h ig h er  in  la r g e r  c i t i e s  and

o u ts id e  the S o u th , a r e g io n  dummy (South  -  N on-south) and th e  p o p u la tio n

o f  p la c e  o f  p r a c t ic e  are en te red  in t o  th e model o f  o p to m etr ic  e a r n in g s .

The Model Summarized

To summarize t h i s  le n g th y  d is c u s s io n  o f  th e  s p e c i f i c a t io n  o f  an

op to m etr ic  incom e g en era tin g  fu n c t io n , we l i s t  th e  ex p la n a to ry  v a r ia b le s

b elo w . Our dependent v a r ia b le  i s  th e  n a tu r a l lo g  o f  n e t  income from

p r o fe s s io n a l  p r a c t ic e  in  1970 .

Explanatory V ariables

y e a r s  o f  p r o fe s s io n a l  sc h o o lin g  
y e a r s  o f  undergraduate s c h o o lin g  
y e a r s  o f  ex p er ien ce  
ex p er ie n c e  squared  
number o f  s t a t e s  l ic e n s e d  
n a t io n a l  board dummy 
c l a s s  s ta n d in g  in  optom etry sc h o o l  
f u l l  or  p a r t  tim e p r a c t ic e  dummy 
r e l i g i o n  dummy (Jew — non-Jew) 
s&x dummy
ra ce  dummy (W hite — non-W hite)
p er  c a p ita  number o f  o p h th a lm o lo g is ts
p er  c a p ita  number o f  o p to m e tr is ts
p e r c e n t  o f  com m unity's p o p u la tio n  65 y ea rs  o f  age or o ld e r
p e r c e n t  non-W hite o f  com m unity's p o p u la tio n  
median fa m ily  income o f  th e  community
p e r c e n t o f  com n u n ity 's p o p u la tio n  25 and o v er  w ith  a t  l e a s t  

a  h igh  s c h o o l e d u ca tio n  
p o p u la tio n  o f  community . '
r e s t r i c t i v e  dummy 
o th e r  dummy
r e g io n  dummy (S ou th  —  non-South)

REGRESSION RESULTS 

The r e g r e s s io n  r e s u l t s  are p resen ted  in  Table 6 .  The r e g io n  dummy



TAB

REGRESSION RESULTS 
OPTOMETRIC EARN

R2 I n te r ­
cept

EXP EXPSQ P art
tin e
Dumny
l “P a r t

time

Class
Stan­
ding

Under- Profe- 
graduate ss io n a l 
School- School­
ing ing  in  

je a r s

R es tr ic ­
t io n
Dunny

1. .21 9.U .07
(19.5)

-.001
(-17.3)

-.23
(-fc.7)

-.03
(-2.6)

-.01
(-1 .0)

2. .21 9.U .07
(19.6)

-.001
(-17.10

-.23
(-14. 6 )

-.03
(-2.5)

-.01
(- .8 )

- . 0 6  
(-2.2) (

3. .21 9.U .07
(19.8)

-.001
(-17.2)

-.23
(-U.5)

- . 0 3
(-2.10

- . 0 3
(-1.5)

-.06
(-2.10

u. .20 9.U .07
(18.6)

-.001
(-16.9)

- 2 3
(-U.6)

- . 0 3
(-2.5)

-.05
(-2.1)

.22 9.3 .07
(19.6)

-.001
(-17.10

-.22
(-li.5)

-.02
(-2.0)

-.oU
(-1.6)

6. .22 9.3 .07
(19.5)

-.001
(-17.2)

-.22
(-U.10

-.02
(-2.0)

-.oU
(-1.6)

7. .01 10.0

8. .22 9.3 .07
(19.10

-.001
(-17.2)

-.22
(-U.10

-.02
(-2.0)

-.oU
(-1 .5)

t  s t a t i s t i c s  in  parentheses



TABLE 6

SULTS FOR MJDEL OF NET 
C EARNINGS, 1970

r ic -
i
7

Other
Dummy

S ta te 8 
Licen­
sed

Dummy R elig ion  
N ational Dummy 
Boards l “«Jew 
1-Tea

Sex
Dummy
1-Fe­

male

Race Ophthal- 
Dummy mologist 
l»White per 

cap ita

Opto­
m e tris t
per
c a p ita

Percent
w ith
H.S.
education

Median
Family
Income

5
>)

-.0 1
( - .5 )

t
3

t)
J>
L)

-.0 1
( - 3 0 )

!*
6)

.03
(1 .8 )

.01
(3 .1 )

- .0 6
(-1 .2 )

.001*
(1 .3 )

I*
6)

.03
(1 .9 )

.01
(3 .2 )

-.06
(-1 .1 )

.001*
(1 .3)

-.2 0
(1 .6 )

-.0 1
( - .3 )

-.005
(-3 .9 )

.01
(2 .1 )

1*
5)

.03
(2 .0 )

.01
(2 .9 )

-.0 6
(-1 .1 )

.001*
(1 .3)

-.23
(-1 .7 )

-.002
(-1 .3 )

.01
( .8 )



and p o p u la tio n  o f  p la c e  o f  p r a c t ic e  v a r ia b le s  were s t a t i s t i c a l l y  

i n s i g n i f i c a n t  when in c lu d ed  i n  th e  income g e n er a tin g  fu n c t io n . These  

r e s u l t s  are n o t  p r e se n te d . I f  p ro d u c tiv e  in p u ts  fo r  o p to m etr ic  p r a c t ic e s  

are low er p r ic e d  in  th e  South and in  s m a lle r  p op u la ted  a r e a s ,  th e  p r ic e  

o f  o u tp u t i s  lo w er  by  th e  same p ro p o r tio n  and n e t  incom es are n o t  

s i g n i f i c a n t l y  d i f f e r e n t  in  th e s e  a r e a s .

Y ears o f  P r o f e s s io n a l  S ch o o lin g

The number o f  y ea rs  o f  p r o fe s s io n a l  tr a in in g  r e c e iv e d  by p r a c t ic in g  

o p to m e tr is ts  was s t a t i s t i c a l l y  in s i g n i f i c a n t  when in c lu d ed  in  th e  

es t im a ted  income g e n e r a tin g  m odels ( s e e  M odel;}■)• The im p lic a t io n  o f  

th e  f in d in g  i s  th a t  even i f  th o se  o p to m e tr is ts  w ith  lo n g e r  p e r io d s  o f  

p r o f e s s io n a l  t r a in in g  are in  some sen se  b e t t e r  o p to m e tr is t s ,  h o ld in g  

ex p e r ie n c e  and o th e r  v a r ia b le  c o n s ta n t , consum ers o f  o p to m etr ic  s e r v ic e s  

f a i l  t o  r e c o g n iz e  t h i s  and do n o t d is c r im in a te  in  fa v o r  o f  th e  b e t t e r  

q u a l i f i e d  p r a c t i t io n e r s .  Assuming s t i l l  th a t  th e  lo n g e r  tr a in e d  o p to m e tr is ts  

are su p e r io r  p r a c t i t io n e r s ,  th e  r e lu c ta n c e  o f  consumers to  d is c r im in a te  

in  t h e i r  fa v o r  can be ex p la in e d  e i t h e r  by i r r a t i o n a l i t y  on th e p a r t  o f  th e  

consumer or by an i n a b i l i t y  t o  judge th e  stan d ard s o f  ca re  th ey  r e c e iv e .  

N e ith e r  p o s s i b i l i t y  seem s l i k e l y ;  th e  f i r s t  r e q u ir e s  no comment and th e  

second e x p la n a t io n , which m ight be r e le v a n t  i f  we were d is c u s s in g  th e  

d e l iv e r y  o f  m ed ica l s e r v ic e s ,  i s  prob ab ly  n o t  r e le v a n t  t o  m ost o p to m etr ic  

s e r v ic e s .  I n d iv id u a ls  who have been f i t t e d  fo r  and s u p p lie d  w ith  e y e g la s s e s  

by an o p to m e tr is t  can  judge th e  q u a l i ty  o f  ca re  th ey  r e c e iv e  t o  a g r e a t  

e x t e n t  by p u t t in g  on th e  e y e g la s s e s  and lo o k in g  through them. I t  co u ld  be 

argued i n  r e b u t t a l  t h a t  consumers may be ig n o r a n t o f  what a  p rop er eye  

exam in ation  e n t a i l s .  They may be a b le  to  judge th e  q u a l i t y  o f  th e  r e f r a c t io n ,



b u t n o t whether th e y  have been  p ro p er ly  checked fo r  any d ev elo p in g  

eye d is e a s e s  or o th er  v i s io n  p rob lem s. Hence, h ig h er  q u a l i ty  eye  

exam in ation s may be g iv en  by th e s e  o p to m e tr is ts  w ith  lo n g e r  p er io d s  

o f  t r a in in g ,  but th e y  go u n n o ticed  by consumers o f  op tom etr ic  s e r v ic e s  

who are concerned p r im a r ily  w ith  th e p roper c o r r e c t io n  o f  r e f r a c t iv e  

e r r o r . T his argument i s  n o t p e r s u a s iv e ,  fo r  i f  the p a t ie n t s  o f  

o p to m e tr is ts  are concerned a lm ost s o l e l y  w ith  th e  c o r r e c t io n  o f  

r e f r a c t iv e  e r r o r , th en  th e  q u a l i t y  o f  th e  r e fr a c t io n  and o f  th e  c o r r e c t iv e  

l e n s e s  must be th e prim ary d eterm in ant o f  th e  q u a l i ty  o f  op tom etric  

s e r v ic e s .

We con clu d e th en  th a t  i t  i s  n o t l i k e l y  th a t  th e  lo n g e r  tr a in e d  

o p to m e tr is ts  are  p r o v id in g  b e t t e r  q u a l i t y  c a r e . Why then  were th e  

p r o fe s s io n a l  cu rricu lip n s o f  optom etry sc h o o ls  len gth en ed ?  One m o tiv a tio n  

we d isc u sse d  above was th e  p o s s ib le  d e s ir e  t o  l im i t  e n tr y  in t o  optom etry . 

Another l i k e l y  ex p la n a tio n  would seem t o  b e  th e  d e s ir e  by o p to m e tr is ts  

to  be reco g n iz ed  a s a f u l l  f le d g e d  h e a lth  p r o fe s s io n  w ith  a  len g th y  

and v ig o ro u s  program o f  p r o fe s s io n a l  t r a in in g .  O p to m etrists  would 

l i k e  to  have th e  s ta tu s  o f  th e  p h y s ic ia n , i f  n o t f o r  i t s  own sa k e , 

th en  to  h e lp  them com plete w ith  o p h th a lm o lo g is ts  in  th e  p r o v is io n  o f  

ey e  ca re  s e r v ic e s .

Number o f  Y ears o f  U ndergraduate S ch o o lin g

The number o f  y e a r s  o f  undergraduate sc h o o lin g  appears in  

r e g r e s s io n s  1 and 2 . T h is  v a r ia b le  i s  in s i g n i f i c a n t  a t  c o n v en tio n a l  

l e v e l s  o f  c o n f id e n c e , b u t th e  t  c o e f f i c i e n t s  are  la r g e  e n o u g h ,( in  a b s o lu te  

v a lu e )  t o  make one wonder about a p o s s ib le  e x p la n a tio n  fo r  the n e g a tiv e



c o e f f i c i e n t s .  We p r e v io u s ly  d is c u s s e d  th e  n o t io n  th a t  e x tr a  y ea r s  

o f  undergraduate ed u ca tio n  beyond th e  req u ired  two m ight be undertaken  

t o  overcome d e f ic ie n c e s  in  an a p p l ic a n t 's  background, such  as poor  

g ra d es . T h is h y p o th e s is  would appear t o  be s u b s ta n tia te d  by th e  n e g a tiv e  

r e la t io n s h ip  betw een th e  n a tu r a l lo g  o f  n e t  o p tom etric  ea rn in g s and 

y e a r s  o f  undergraduate s c h o o lin g . Those op tom etric  s tu d e n ts  who req u ired  

e x tr a  y e a r s  o f  optom etry sch o o l to  overcome sa y , poor c o l le g e  g ra d es , have 

low er in com es, o th er  th in g s  e q u a l, b ecau se th ey  have l e s s  a b i l i t y .  But 

u s in g  le n g th  o f  undergraduate ed u ca tio n  as a proxy f o r  la ck  o f  a b i l i t y  

seems q u e s t io n a b le . The c o r r e la t io n  betw een  le n g th  o f  undergraduate  

ed u ca tio n  and c la s s  s ta n d in g  in  optom etry s c h o o l,  a s  rep o rted  above, 

i s  .0 8 . Furtherm ore, we c o n tr o l  fo r  a b i l i t y  as measured by c la s s  

sta n d in g  i n  optom etry s c h o o l, i n  th e  r e g r e s s io n s  in  which we e n te r  y ea rs  

o f  undergraduate s c h o o lin g  and s t i l l  g e t  th e  n e g a tiv e  r e la t io n s h ip .

W ith a b i l i t y  and oth er v a r ia b le s  h e ld  c o n s ta n t , i t  i s  d i f f i c u l t  

t o  r a t io n a l i z e  how a tte n d in g  optom etry sc h o o l fo r  an e x tr a  y ea r  or two 

cou ld  r e s u l t  in  low er n e t  incom e from p r o fe s s io n a l  p r a c t ic e .  I t  seems 

b e s t  to  in t e r p r e t  th e  c o e f f i c i e n t  on y e a r s  o f  undergraduate sc h o o lin g  

a s  n o t s i g n i f i c a n t ly  d i f f e r e n t  from z e r o . The human c a p i t a l  ga ined  

from  e x t r a  y ea rs  o f  undergraduate s c h o o lin g  beyond th e  req u ired  two 

d oes n o t y i e l d  r e tu r n s  in  term s o f  o p to m etr ic  incom e.

E xp erien ce

In  g e n e r a l, th o se  in d iv id u a ls  who in v e s t  more in  th e ir  s to c k  

o f  human c a p i t a l  sh ou ld  have s te e p e r  lo g  e a r n in g s -e x p e r ie n c e  p r o f i l e s  

th a t  peak a f t e r  few er  y ea rs  o f  ex p er ie n c e  a s  compared to  th o se  th a t  

do n ot in v e s t  as much. T his i s  b ecau se an in d iv id u a l ' s  s to c k  o f



human c a p i t a l  i s  a cq u ir ed , f o r  th e  m ost p a r t ,  e a r ly  i n  l i f e ,  much 

o f  i t  b e fo r e  work durin g th e  sch o o l y e a r s ,  and the r e s t  p r im a r ily  in  

th e  e a r ly  s ta g e s  o f  working l i f e .  In v estm en t in  human c a p i t a l  d e c l in e s  

o v er  tim e b eca u se  th e  ex p ec ted  m arginal b e n e f i t #  d e c r e a se s  a s tim e  

g o e s  on s in c e ; t h e  number o f  working y e a r s  d im in ish es  i n  which th e  re tu rn s  

from  th e  in v estm en t can be r e a l iz e d .  A d d it io n a lly ,  th e  m arginal c o s t  

o f  making a  g iv en  in v estm en t in  human c a p i t a l  u s u a l ly  in c r e a s e s  a s tim e  

g o e s  on b ecau se th e o p p o r tu n ity  c o s t  o f  tim e in c r e a s e s .  Those in d iv id u a ls  

who in v e s t  more in  t h e i r  s to c k  o f  human c a p i t a l  g e n e r a lly  have a  sh o r te r  

span o f  w orking l i f e  in  w hich to  garner t h e i r  r e tu r n s , so  n e c e s s a r i ly  

t h e i r  r e tu r n s  (incom e) must peak f a s t e r  and a t  a h ig h er  l e v e l  than i s  

tr u e  fo r  th o se  in d iv id u a ls  who do n o t in v e s t  a s  much.

The c o e f f i c i e n t s  o f  ex p er ie n c e  and ex p er ie n c e  squared from lia b le  6 

im p ly  peak ea rn in g s  fo r  o p to m e tr is ts  a f t e r  35 y ea rs  o f  ex p e r ie n c e .

M in cer 's  r e g r e s s io n  r e s u l t s ,  fo r  non-farm  m ales l e s s  than  65 y ea rs  o f  

age in  th e  1 /1000  sample o f  th e  1960 c e n su s , show peak ea rn in g s  a f t e r  

a b ou t 31 y e a r s  e x p e r ie n c e . As an exam ple, co n s id e r  M in cer's  r e g r e s s io n  

P (I) .1*

|LN INCOME * 6 .2 0  + .11 S ch o o lin g  + .081 E xperience
(72 ) (7 5 )

2 2 
-  .0013  E xp erien ce R = .2 9

(-5 6 )  ( t  s t a t i s t i c s  in  p a ren th ese s)

S in c e  th e  average male has made sm a lle r  in v estm en ts  i n  human c a p i t a l  

th an  o p to m e tr is ts  h a v e , i t  i s  s u r p r is in g  to  f in d  th a t  male ea rn in g s  

peak  e a r l i e r .  In  fu r th e r  conparing MLncer's r e g r e s s io n  r e s u l t s  witii 

o u rs  i t  can  be seen  th a t  th e  lo g  annual ea r n in g s -e x p e r ie n c e  p r o f i l e s



are about e q u a lly  s t e e p .  T h is i s  a ls o  an unexpected  r e s u l t .  The 

im p lic a t io n  i s  th a t  th e  ea rn in g s  o f  o p to m e tr is ts  in  t h e i r  i n i t i a l  

working y ea r  must be a t  a  much h ig h er  l e v e l  th a n  i s  tr u e  f o r  th e  non­

farm m ale under s i x t y  f i v e .  A com parison o f  th e  in t e r c e p t  term  i s  

im portant in  t h i s  d e term in a tio n , and as can be see n  from  th e  r e g r e s s io n  

r e s u l t s ,  th e  in t e r c e p t  term  in  th e  income g en era tin g  fu n c t io n s  fo r  

o p to m e tr is ts  runs ab out 9.U as compared t o  6.20 in  th e  Mincer s p e c i f i ­

c a t i o n . ^

Number o f  S ta te s  L icen sed  t o  P r a c t ic e

The number o f  s t a t e s  i n  which th e  o p to m e tr is t  i s  l ic e n s e d  to  

p r a c t ic e  i s  p o s i t i v e l y  a s s o c ia te d  w ith  n e t  incom e from  p r a c t ic e .  I t  

appears th en  th a t an in v estm en t in  in t e r s t a t e  m o b il ity  does pay o f f  

in  term s o f  h ig h e r  o p tom etric  incom e. The s i z e  o f  th e  c o e f f i c i e n t s  

in d ic a t e  th a t  annual n e t  income in c r e a s e s  by th r e e  p e r c e n t  when an 

o p to m e tr is t  g a in s  l ic e n s u r e  in  an a d d it io n a l  s t a t e .

The n a t io n a l  board dummy was i n s i g n i f i c a n t  when in c lu d ed  in  

the e s t im a te d  model w ith  number o f  s t a t e s  l i c e n s e d .  T h is  i s  to  be 

ex p ected  s in c e  th e  number o f  s t a t e s  l i c e n s e d  would be th e  c a u sa l  

v a r ia b le  through which th e  n a t io n a l  board dummy o p e r a te s  to  e f f e c t  

incom e. However th e  n a t io n a l board dummy i s  a l s o  i n s i g n i f i c a n t  when 

in c lu d ed  w ith o u t th e  l i c e n s e  number v a r ia b ly  A p p aren tly  by 1970 n ot  

many o p to m e tr is ts  had e f f e c t i v e l y  used  th e  n a t io n a l  boards t o  g a in  

h ig h er  n e t  incom es through i n t e r - s t a t e  m o b il it y .

C lass S ta n d in g ^

C lass s ta n d in g  i n  optom etry sc h o o l was in c lu d e d  in  th e  es t im a ted



m odels in  ord er t o  c o n tr o l  f o r  a b i l i t y ,  a lth ou gh  we r e c o g n iz e  th a t  

th e  c o r r e la t io n  betw een c la s s  s ta n d in g  and s e l f  d i s c i p l i n e  must a ls o  

be s tr o n g , perhaps even  s tr o n g e r  than  th e  c o r r e la t io n  betw een raw  

a b i l i t y  and c l a s s  s ta n d in g . The v a r ia b le  i s  s i g n i f i c a n t  a t  th e  oNe p e r c e n t'  

l e v e l  in  a l l  th e  e s t im a te d  m odels and ta k es  on a  n e g a t iv e  s ig n  b ecau se  

h ig h e r  v a lu e s  o f  th e  v a r ia b le  in d ic a te  low er c l a s s  s ta n d in g . The 

ta b u la te d  re sp o n ses  to  th e  c la s s  s ta n d in g  q u e s tio n  in  th e  H affner  

su rv ey  are in t e r e s t in g  and shown in  T able 7* I t  seems th a t  e i t h e r  

H a ffn e r 's  a ttem p t a t  a random sam ple o f  o p to m e tr is ts  f a i l e d ,  o r  th a t  

n e a r ly  a l l  o p to m e tr is ts  n ear th e  bottom  o f  t h e ir  c la s s  can n ot p a ss  

s t a t e  l i c e n s in g  ex a m in a tio n s , or th a t  o p to m e tr is ts  ex a g g era te  t h e ir  

perform ance i n  optom etry sc h o o l l i k e  fish erm en  ex a g g era te  the s i z e  o f  

t h e i r  c a tc h . I  would e x p e c t  th e  l a t t e r  ex p la n a tio n  i s  th e  one n e a r e s t  

th e  trufcH. S in ce  a lm ost a l l  resp on d en ts i n s i s t e d  th a t  th e y  were in  

th e  m iddle o f  t h e i r  c la s s  o r  h ig h e r , we e f f e c t i v e l y  have o n ly  th r e e  

ran k in g  c a t e g o r ie s .  H o p e fu lly , a l l  o p to m e tr is ts  upped t h e ir  c l a s s  

s ta n d in g  by some c o n s ta n t p ro p o r tio n  so  th a t  th e  v a r ia b le  we a re l e f t  

w ith  s t i l l  r e p r e s e n ts  a  r e la t i v e  ran k in g .

Assuming i t  d o es , th e  r e g r e s s io n  r e s u l t s  show th a t  an o p to m e tr is t  

who'was one rank above an o th er  in  c la s s  s ta n d in g  r e c e iv e s  an annual 

income two to  fo u r  p e r c e n t h ig h e r , o th er  th in g s  e q u a l. We co n clu d e  

th e r e  a re s i g n i f i c a n t  r e tu r n s  to  raw a b i l i t y  and s e l f  d i s c i p l i n e  

(and w hatever e l s e  h igh  c l a s s  s ta n d in g  r e p r e s e n ts )  i n  th e  developm ent 

o f  an o p to m etr ic  p r a c t ic e .  The standard  d e v ia t io n  o f  c la s s  s ta n d in g  

i s  .9 3 •  Hence a  one standard  d e v ia t io n  in c r e a s e  i n  c l a s s  s ta n d in g  

r e s u l t s  in  an in c r e a s e  in  n e t  op tom etr ic  income o f  l e s s  than  1 $ .



TABLE 7

CLASS STANDING 07 OPTOMETRISTS, 
HAFFNER SURVEY 07 OPTOMETRISTS, 1970

Top qu arte r 1*2.96

Above average bu t not
top q u a rte r 23.82

Average 26.91

Below average bu t no t
bottom q u a rte r 2.21

Bottom q u arte r 1.09



S in ce  th e  r e tu r n s  to  a b i l i t y  are  p rob ab ly  even  l e s s  th an  th e  retu rn s  

to  c l a s s  s ta n d in g , our r e s u l t s  are w e ll  w ith in  W elch 's  c o n c lu s io n  

th a t  a  one stan d ard  d e v ia t io n  in  a b i l i t y  w i l l  in c r e a s e  ea r n in g s  b y  l e s s  

th an  f i v e  p e r c e n t .

F u l l  or P art-T im e P r a c t ic e

The f u l l  or p a r t-t im e  p r a c t ic e  dummy i s  h ig h ly  s i g n i f i c a n t  in  

a l l  th e  r e g r e s s io n  e q u a tio n s . The r e s u l t s  show th a t  p a r t  tim e o p to m e tr is ts  

r e c e iv e  annual incom es ab out 25 p e r c e n t low er than  f u l l  tim e o p to m e tr is ts .

Race and Sex o f  th e  O p to m etr ist

The c o e f f i c i e n t s  o f  th e  ra c e  and sex  dummies are c o n s is t e n t  

w ith  th e  n o t io n  t h a t  th o se  consum ers see k in g  o p to m etr ic  s e r v ic e s  

d is c r im in a te  a g a in s t  n on -w h ite  and fem ale o p to m e tr is t s .  The t  v a lu e s  

f o r  b oth  v a r ia b le s  in d ic a t e  s t a t i s t i c a l  s ig n i f ic a n c e  a t  ap p roxim ately  

th e  20 p e r c e n t l e v e l  o f  c o n f id e n c e . Fem ale o p to m e tr is ts  r e c e iv e  s i x  

p e r c e n t  l e s s  annual income than  male o p to m e tr is ts ,  h o ld in g  commitment 

t o  p r a c t ic e  ( i n  th e  sen se  o f  f u l l  or p a r t  tim e) a b i l i t y  (a s  measured  

by c l a s s  s ta n d in g ) ,  th e  a c t u a l  number o f  y e a r s  o f  e x p er ie n c e  a s  a  

p r a c t ic in g  o p to m e tr is t ,  and o th e r  v a r ia b le s  c o n s ta n t . T his f ig u r e  i s  

n o t in c o n s is t e n t  w ith  some o f  th e  p a s t  f in d in g s  on m a le-fem a le  d i f f e r e n t i a l s  

i n  e a r n in g s . V ic to r  Fuchs found th a t  s in g le ,  n ever m arried women, who 

presum ably have a  commitment to  the la b o r  fo r c e  s im ila r  to  m a les , 

r e c e iv e d  o n ly  about 90$ o f  th e  h o u r ly  ea rn in g s o f  m ales in  1959,  a d ju s t in g  

f o r  c o lo r ,  s c h o o l in g ,  a g e , c i t y  s i z e ,  c l a s s  o f  work and le n g th s  o f  t r ip  

t o  work. ^  ̂ F uchs' d a ta  b a se  was th e  1 /1 0 0 0  sample o f  th e  1960 c e n su s ,  

so  m ost o f  th e  fem a les  Fuchs an alyzed  were s a la r ie d .  Our sam p le, how ever,
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c o n s i s t s  o f  p red o m in a te ly  ind ep en d en t p r o f e s s io n a ls .  Fuchs th en  was 

a n a ly z in g  p r im a r ily  em ployer d is c r im in a t io n  w h ile  we a re  a n a ly z in g  

custom er d is c r im in a t io n . Fuchs tend ed  t o  d isc o u n t em ployer d is c r im in a t io n ,  

one rea so n  b e in g  th a t  women d id  n o t appear to  seek  r e fu g e  from  em ployer  

d is c r im in a t io n  by ch o o sin g  se lf-em p lo y ed  c a r e e r s . Our r e s u l t s  show 

th a t  one rea so n  women may n o t choose s e l f  employment i s  b ecau se custom er  

d is c r im in a t io n  may be as bad a s em ployer d is c r im in a t io n .

The r e g r e s s io n  r e s u l t s  f o r  th e  ra ce  dummy in d ic a t e  th a t  w hite  

o p to m e tr is ts  r e c e iv e  n e t  income about o n e -h a lf  p e r c e n t h igh er than  

t h e i r  n on -w h ite  c o u n te r p a r ts , c o n t r o l l in g  fo r  o th er  v a r ia b le s . I t  

would appear th a t  custom er d is c r im in a t io n  a ls o  e x i s t s  a g a in s t  non-w hite  

o p to m e tr is t s ,  b ut a t  a  l e v e l  s u b s t a n t ia l ly  l e s s  than  th a t  ex p er ien ced  

by fe m a le s .

To summarize, i t  appears th a t  th e  e x is ta n c e  o f  custom er d i s c r i ­

m in a tio n , p a r t ic u la r ly  a g a in s t  fe m a le s , i s  a  p a r t ia l  e x p la n a tio n  of 

why women and n o n -w h ites  a re  under re p r esen te d  in  th e  p r o fe s s io n  o f  

optom etry.

R e lig io n

The Jew -non-Jew  dummy v a r ia b le  i s  s t a t i s t i c a l l y  s ig n i f i c a n t  

a t  th e  one p e r c e n t l e v e l  in  th e  r e g r e s s io n s  in  which i t  i s  in c lu d ed  in  

T.able 6  and p o s i t i v e l y  a s s o c ia te d  w ith  n e t  incom e. Some c h a r a c t e r is t ic  

o f  Jew ish  o p to m etr ic  p r a c t ic e s ,  whether i t  be th e  p r o v is io n  o f  h ig h er  

q u a l i t y  c a r e , th e  working o f  lo n g e r  h o u r s , or su p e r io r  management 

te ch in q u e s  h as r e s u lt e d  in  h ig h er  n e t  incom es. I t  would appear th a t  by 

c o n t r o l l in g  f o r  a b i l i t y  ( c la s s  sta n d in g ) we a ls o  c o n tr o l  to  some e x te n t



fo r  the  aforementioned fa c to rs  except fo r  the  working of longer days or 

more weeks per year. This may be the  reason fo r  the  higher ne t income 

th a t accrues to  Jewish op to m etris ts .

The s iz e  of the c o e f f ic ie n t  in d ica tes  th a t  Jews receive  about one 

percen t h igher n e t incomes than  non-Jews, o ther th ings equal. This does 

not seem to  be a s ig n if ic a n t enough d ifference  to  account fo r the  

d isp roportionate  number o f Jews who p rac tice  optometry. This f a c t  would 

seem b e t te r  explained by th e  no tion  th a t  JewB have a  h igher p ropensity  

to  seek p ro fessio n a l c a ree rs .

Competing Eve P ro fessiona ls

The reg ress io n  re s u l ts  w ith re sp ec t to  th e  number of competing eye 

p ro fessio n als  are  in te re s t in g .  The per c ap ita  number of ophthalm ologists 

in  the community in  which an optom etrist p ra c tic e s  appear to  have a  more 

detrim ental e f fe c t  on the income of an op tom etrist than the  per c a p ita  

number o f competing op to m etris ts . In  f a c t ,  the  p er c a p ita  number of 

op tom etrists i s  in s ig n if ic a n t in  the estim ated models in  which the  variab le

appears, w hile the p er c a p ita  number of ophthalm ologists i s  negatively

re la te d  to  optometric Income and s ig n if ic a n t a t  the  ten  percen t le v e l .

In  the  estim ated demand models o f chapter I I I ,  the ophthalmology

v a riab le  was not s ig n if ic a n tly  re la te d  to  the demand fo r  optom etric se rv ices .

Since th is  r e s u l t  was unexpected, we suspended our conclusion w ith  regard 

to  the  e f f e c t  of the p er c a p ita  number of competing ophthalm ologists on 

the  demand fo r  optom etric se rv ice s . We have now found th a t  a  negative 

re la tio n sh ip  e x is ts  between the  per c a p ita  number o f ophthalm ologists and



optometric income. This r e s u l t  im plies what we have c o n s is te n tly  

hypothesized; namely, th a t  the op tom etrists  and the ophthalm ologist o ffe r  

competing serv ices . Because the number o f observations i s  much la rg e r ,  

and because we have aggregated only over corammity o f p ra c tic e  ra th e r  

than s ta te  o f p ra c t ic e , the  e n p ir ic a l fin d in g s  in  th is  chapter should be 

considered more re l ia b le  than those in  chap ter I I I .  The in s ig n if ic a n t 

competing op tom etrist v a riab le  im plies th a t in  1970 op tom etrists  were in  

equ ilib rium  with re sp ec t to  the  lo c a tio n  of each o th e r. In o th e r words, 

the average op tom etrist could not gain higher income by moving to  another 

community to  p ra c tic e . A problem with th i s  in te rp re ta tio n  i s  th a t  i t  

Appears con trad icto ry  to  our previous d iscussion  o f the  competing ophthal­

m ologist v a riab le . I f  op tom etrists a re  in  equilibrium  with respect to  the 

lo c a tio n  o f each o th e r , then why a re  they no t also in  equ ilib rium  with 

re sp ec t to  the  lo c a tio n  o f ophthalm ologists?

One explanation  of th is  apparent con trad ic tion  i s  th a t optom etrists 

in  1970 were in  the  process of ad ju sting  to  the lo ca tio n  o f ophthalm ologists, 

and were n o t ye t in  equilibrium . There i s  some ad d itio n a l e n p ir ic a l support 

fo r  th i s  hypothesis, although i t  i s  p rim arily  c ircu m stan tia l. We have 

a lready  discussed th e  f a c t  th a t  ophthalm ologists, and physicians in  general, 

lo ca te  p rim arily  in  urban areas (see chap ter I I I ,  Table 2 ). We have shown 

th a t  optom etrists a re  approximately evenly d is tr ib u te d  between urban and 

ru ra l  s ta te s ,  and in  f a c t  a re  a c tu a lly  over-represented in  r u r a l  s ta te s ,  

i f  a  ru ra l  s ta te  i s  defined as having le s s  than  30 percen t o f i t s  population 

in  m etropolitan  a reas  (see chap ter I I I ,  Table 2 and footnote 7 ) . I t  i s  our 

hypothesis th a t  optometry i s  a p ro fession  th a t  i s  being p rac ticed  le s s  in



urban areas overtime and more In  suburban and ru ra l  a reas . The reason

fo r  th is  I s  th a t  the  number o f ophthalm ologists has been Increasing  f a i r l y

ra p id ly  over time and we assume these  p ra c ti t io n e rs  a re  continuing to

lo c a te  p rim arily  In  urban areas In  order to  be near h o sp ita ls  and urban 
19am enities. I f  so, those op tom etrists  remaining in  urban areas may be 

lo s in g  p a tie n ts  over time to  the  growing stock  of ophthalm ologists. 

O ptom etrists p ra c tic in g  In  urban areas do n o t ad ju st instan taneously  to  

the  growing com petition from ophthalm ologists because o f the locked-in  

e f f e c t  o f e s tab lish ed  p rac tice s  and because o f  the s ta r t-u p  co s ts  involved 

in  bu ild ing  a new p ra c tic e .



S ocio-econ om ic C h a r a c te r is t ic s  o f  P la c e  o f  P r a c t ic e

The so c io -eco n o m ic  c h a r a c t e r is t ic s  o f  th e  community i n  which th e  

o p to m e tr is t  p r a c t ic e s  d id  n o t p la y  a prom inate r o le  in  e x p la in in g  th e  

v a r ia t io n  i n  o p to m etr ic  incom es. The p er  c e n t  o f  th e  community ov er  s ix t y  

f i v e  and p e r c e n t n on -w h ite  were in s i g n i f i c a n t  when in c lu d e d  in  th e  income 

g e n e r a tin g  fu n c t io n s .  These r e s u l t s  a re  n o t p r e se n te d . A pparently  th e  

v a r ia b le ,  p e r c e n t  n o n -w h ite , was s t a t i s t i c a l l y  i n s i g n i f i c a n t  because  

r a c ia l  d if f e r e n c e s  in  the u t i l i z a t i o n  o f  o p to m etr ic  s e r v ic e s  are  cap tu red  

in  th e income or e d u ca tio n  v a r ia b le s  and no pure r a c ia l  e f f e c t  e x i s t s .

I t  i s  s u r p r is in g  th a t  th e  p e r c e n t o f  th e  p o p u la tio n  over s i x t y - f i v e  

o f  th e  community in  which th e  o p to m e tr is t  p r a c t ic e s  d id  n o t tu rn  up as  

a s ig n i f i c a n t  ex p la n a to ry  v a r ia b le  in  th e  incom e g e n e r a tin g  fu n c t io n .

The u t i l i z a t i o n  o f  c o r r e c t iv e  le n s e s  in c r e a s e s  markedly w ith  a g e , and we 

d isc o v ere d  i n  Chapter I I I  th a t  th e  demand f o r  o p to m etr ic  s e r v ic e s  i s  

p o s i t iv e ly  r e la t e d  to  th e  p erc en t o f  th e  p o p u la tio n  s i x t y - f i v e  and o v e r .  

The n e t  income o f  a  f ir m  should  r i s e  w ith  an in c r e a s e  in  th e  demand fo r  

i t s  o u tp u t. The age v a r ia b le  r e s u l t  here i s  in c o n s is t e n t  w ith  th e  age 

r e s u l t  in  C hapter I I I .  I t  i s  p o s s ib l e ,  a lth ou gh  n o t l i k e l y ,  th a t  th e  

r e s u l t  i n  Chapter I I I  i s  a  s t a t i s t i c a l  a r t i f a c t  As in d iv id u a ls  g e t  o ld e r ,  

th ey  may p r e f e r  to  r e c e iv e  t h e ir  v i s u a l  exam in ation s from  o p h th a lm o lo g is ts  

because o f  a  fe a r  o f  ey e  d is e a s e s  or oth er v i s i o n  problem s which th ey  f e e l  

o p h th a lm o lo g isty  are b e t t e r  q u a l i f ie d  to  h a n d le . T h is may be p a r t ic u la r ly  

tru e  fo r  th o s e  in d iv id u a ls  ov er  s i x t y - f i v e  y e a r s  o f  age and t h i s  i s  our



measure o f  th e  age o f  th e  p o p u la tio n  o f  a community. M edicare may a ls o

in f lu e n c e  th e  c h o ice  o f  an eye p r o fe s s io n a l  by s e n io r  c i t i z e n s .  A lthough

eye r e f r a c t io n s  fo r  the ex p ressed  purpose o f  o b ta in in g  ey e  g la s s e s  are n o t

covered  under th e m edicare program, p h y s ic ia n  s e r v ic e s  f o r  th e  most p a r t

a r e . I t  i s  n o t to o  d i f f i c u l t  to  im agine a  se n io r  c i t i z e n  o b ta in in g  an eye

ex a m in a tio n  from an o p h th a lm o lo g is t  th a t  in c lu d ed  an eye r e f r a c t io n  under

idth e  g u is e  o f  d ia g n o sin g  a  p o t e n t ia l  ey e  d is o r d e r .

The l e v e l  o f  e d u ca tio n  o f  th e  community in  which th e  o p to m e tr is t  

p r a c t ic e s  seem s t o  p la y  an in t e r e s t in g  r o le  in  d eterm in in g  o p tom etric  

in com es. I n  r e g r e s s io n  number 7 .  th e  p ercen ta g e  o f  th e  community w ith  

a h ig h  sc h o o l ed u ca tio n  i s  see n  to  be in v e r s e ly  r e la t e d  to  op tom etr ic  

incom e, h o ld in g  median fa m ily  inconB c o n s ta n t .  I n  r e g r e s s io n  Q ,  th e  

in v e r s e  r e la t io n s h ip  h o ld s  b u t th e  t  v a lu e  has f a l l e n  from -3 - 9  in  

r e g r e s s io n  7  to  - 1 . 3 .  The f a l l  in  t  r a t io s  i s  t o  be ex p ec ted  w ith  th e  

in c lu s io n  o f  so many more e x p la n a to ry  v a r ia b le s  in  r e g r e s s io n  9 . The 

ed u ca tio n  c o e f f i c i e n t  in  r e g r e s s io n  $  i s  s t i l l  s i g n i f i c a n t  a t  th e  20 p erc en t  

l e v e l .  So a lth o u g h  more educated  p e o p le  are more l i k e l y  t o  own c o r r e c t iv e  

l e n s e s ,  when incom e and o th er  v a r ia b le s  are h e ld  c o n s ta n t ,  th e  pure 

ed u c a tio n  e f f e c t  on th e  income o f  o p to m e tr is ts  i s  n e g a t iv e .  A p p aren tly , 

a s  ed u ca tio n  in c r e a s e s ,  o th e r  v a r ia b le s  c o n s ta n t , an in d iv id u a l  becomes 

more l i k e l y  to  r e c e iv e  h i s  v i s io n  ca re  from  an o p h th a lm o lo g is t . This 

h y p o th e s is  i s  c o n s is t e n t  w ith  th e  r e g r e s s io n  r e s u l t s  o f  Chapter I I I ,  which  

showed the demand fo r  o p to m etr ic  s e r v ic e s  to  be h s i ^ i f l ' c e w t l y  r e la t e d  to  th e  

ed u c a tio n  l e v e l s  o f  p o t e n t ia l  p a t ie n t s .

The median fa m ily  income o f  th e  community in  which th e  o p to m e tr is t  

p r a c t ic e s  i s  p o s i t i v e l y  a s s o c ia te d  w ith  th e  n e t  income o f  o p to m e tr is t s .



The income c o e f f i c i e n t s  im p ly  th a t  a 10 p e rc en t in c r e a s e  i n  median fa m ily

income i n  1970 would have r a is e d  th e  n e t  income o f  o p to m e tr is ts  by about
7 , 0

one p e r c e n t , or 200 d o l la r s .  The income e l a s t i c i t y  o f  demand cannot be 

c o n str u c te d  from th e s e  f ig u r e s  b ecau se we are e s t im a t in g  a reduced  form  

th a t  in c lu d e s  b oth  demand and su p p ly  s id e  com ponents. I f  in c r e a s e s  in  n e t  

income t r a n s la t e  p r o p o r t io n a lly  t o  in c r e a s e s  i n  o u tp u t , th e s e  r e s u l t s  do 

in d ic a t e  a reduced  form  incom e e l a s t i c i t y  o f  .1 .  T h is e l a s t i c i t y  must 

n e c e s s a r i ly  be l e s s  than the income e l a s t i c i t y  o f  demand u n le s s  th e  su p p ly  

curve i s  p e r f e c t ly  e l a s t i c .  The income e l a s t i c i t i e s  o f  demand computed in  

Chapter I I I  u / e r e  a s  Ki^h a s  .g „

P r o f e s s io n a l  C on tro l o f  P r a c t ic e

Two dummy v a r ia b le s  were s p e c i f i e d  in  th e  incom e g e n e r a tin g  model 

to  measure th e  e f f e c t s  o f  r e s t r i c t io n s  on the p r a c t ic e  o f  optom etry a s a 

c o n d it io n  o f  l i c e n s e .  The r e s t r i c t io n  dummy took  on a v a lu e  o f  one fo r  

th o se  s t a t e s  which had th e  s t r i c t e s t  sa n c t io n s  a g a in s t  a d v e r t is in g  and 

a l s o  d isco u ra g ed  th e developm ent o f  com m ercial p r a c t ic e s .  The o th er  dummy 

re p r esen te d  th o se  s t a t e s  in  th e  m iddle ground betw een th e  r e s t r i c t i v e  and 

more l a i s s e z  f a i r e  s t a t e s .

The r e s u l t s  o f  r e g r e s s io n  2 show th a t  o p to m e tr is ts  p r a c t ic in g  in  

r e s t r i c t i v e  s t a t e s  have n e t  incom es s i x  p e r c e n t low er than  th o se  o p to m e tr is ts  

p r a c t ic in g  in  n o n - r e s t r ic t iv e  s t a t e s .  The c o e f f i c i e n t  o f  th e  r e s t r i c t i v e  

dummy rem ains f a i r l y  s ta b le  i n  a l l  th e  r e g r e s s io n  i n  which i t  ap p ears. The 

n e t  incom es o f  o p to m e tr is ts  p r a c t ic in g  i n  o th er  s t a t e s  may be s l i g h t l y  low er  

than  th o se  o f  o p to m e tr is ts  in  n o n - r e s t r ic t iv e  s t a t e s .  The o th er  dummy i s  

n e g a t iv e ly  r e la t e d  t o  o p to m etr ic  n e t  incom e, b u t s t a t i s t i c a l l y  i n s i g n i f i c a n t .



These r e s u l t s  im ply th a t  i t  i s  n o t i n  th e  i n t e r e s t  o f  o p to m e tr is ts ,  

a s measured by n e t  incom e, t o  r e s t r i c t  th e  in fo rm a tio n  th a t  can be 

d issem in a ted  t o  th e  p u b lic  or  t o  c u r t a i l  more com m ercial, l e s s  p r o fe s s io n a l  

ty p e  p r a c t ic e s .  I t  i s  p rob ab ly  s a fe  t o  con clu de th a t  th e  reason  fo r  t h i s  

i s  th a t  a d v e r t is in g  g iv e s  o p to m e tr is ts  a m arketing advantage th a t  o p h th a l­

m o lo g is ts  do n o t  e n jo y . As a r e s u l t ,  o p to m e tr is ts  have a  la r g e r  market 

share where th e y  are a llo w ed  to  a d v e r t is e  than  where th ey  can n ot. I t  would  

n o t seem in  th e  i n t e r e s t  o f  optom etry to  lob b y  fo r  l e g i s l a t i o n  th a t  would 

ta k e  away t h i s  advantage.
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16. P art o f the  d iffe ren c e  in  the  In te rcep t term can be explained 
by the  f a c t  th a t  mb are  comparing 1959 earnings in  the  Mincer 
regressions v ith  the  1970 earnings of o p tom etris ts . The 
value of the In te rc e p t term i s  not annual earnings in  the  
f i r s t  year of experience since the other terms in  th e  reg ress io n  
equations must be considered. However, the  in te rc e p t term 
dominates p red ic ted  f i r s t  year earnings in  M incer's and our 
reg ressio n s .

17. Fuchs, o p .c i t .

18. This l in e  of c o n je c tu re - is  p o ssib le  only i f  we assume th a t  
ophthalm ologists vary  th e ir  workloads in  response to  changes
in  the  demand fo r  th e i r  se rv ice s . This assumption i s  necessary 
because the number o f ophthalm ologists i s  held  constan t in  the 
reg ression  equations.

19. The f ig u res  in  th e  ta b le  below imply th a t  the  number o f ophthal­
m ologists has been in creasing  a t  a su b s ta n tia l ra te  since 1956. 
F il le d  res id en c ie s  in  ophthalmology increased approximately
280 percent between 1956 and 1970. F il le d  res id en c ies  in  a l l  
s p e c ia l i t ie s  increased  about 200 percen t during the same period . 
These fig u re s  were compiled from various issu es  of th e  Journal 
o f the  American Medical A ssociation.

Residencies 
o ffered  in  
ophthalmology

Percentage 
f i l l e d  of 
residencies 
offered  in  
ophthalmology

Percentage 
f i l l e d  of 
res id en c ies  
offered  - 
a l l
s p e c ia l i t ie s

Residencies 
o ffered  -  
a l l
s p e c ia l i t ie s

1956 565 8756 79% 23,012

196!* 1093 95 80 38,373

1966 1179 96 82 38,895

1970 1385 98 85 1*6,005

20. Median fam ily income in  the  United S ta tes  in  1970 was almost
10,000 d o lla rs . The average 1970 n e t income o f the  op tom etrists  
in  the Haffner survey was 21,1*00 d o lla rs .



CHAPTER V

AN ECONOMIC ANALYSIS OF THE EMPLOYMENT 
OF ASSISTING MANPOWER IN OPTOMETRY

The con cern  by some o b serv e rs  o v er  th e  a l le g e d  sh o rta g e  o f  

p h y s ic ia n s  has le d  to  a  r a p id ly  ex p a n d in g , i f  n o t y e t  s u b s t a n t ia l ,  

h e a lth  econom ics l i t e r a t u r e  on th e  p o t e n t i a l  o f  s u b s t i t u t in g  p a ra -  

p r o fe s s io n a l  m ed ica l manpower fo r  p h y s ic ia n s  in  th e  p ro d u ctio n  o f  

p h y s ic ia n  s e r v ic e s .  Some in v e s t ig a t o r s  have found a  s u b s ta n t ia l  

o p p o r tu n ity  fo r  p h y s ic ia n s  to  in c r e a s e  t h e i r  p r o d u c t iv ity  by expanding  

th e  number o f  a id e s  th e y  em ploy.

R e in h a rd t con clu ded  from h i s  e s t im a ted  p ro d u ctio n  fu n c t io n  fo r

p h y s ic ia n  s e r v ic e s  th a t  th e  average American p h y s ic ia n  co u ld  employ

p r o f i t a b ly  tw ic e  the number o f  a s s i s t a n t s  a s  he p r e s e n t ly  u t i l i z e s  and

by so  d o in g , in c r e a s e  h i s  h o u r ly  r a t e  o f  o u tp u t by 2$  p ercen t.^ - Sm ith,

M i l l e r ,  and G ollad ay  s tu d ie d  p h y s ic ia n  p r a c t ic e s  and u sed  a c t i v i t y

a n a ly s is  to  con clu d e th a t  th e  e f f i c i e n t  u se  o f  p h y s ic ia n  a s s i s t a n t s
2

would in c r e a s e  p h y s ic ia n  p r o d u c t iv i ty  by 1*9 to  7l* p e r c e n t .

Not a l l  in v e s t ig a t o r s  agree th a t  an exp an sion  o f  m ed ica l s e r v ic e s  

co u ld  b e s t  be r e a l iz e d  by in c r e a s in g  th e  number o f  em ployed a id e s .  F e ld s t e in  

found th a t  th e  u se  o f  more p a ra -m ed ica l p erso n n e l and o th er  in p u ts  r e la t iv e  

t o  th e  q u a n tity  o f  p h y s ic ia n  in p u t would r e s u l t  in  an in c r e a s e  i n  the  

p r ic e  o f  p h y s ic ia n  s e r v ic e s .  He s p e c u la te s  th a t p h y s ic ia n  p r a c t ic e s ,  as  

c u r r e n t ly  o rg a n iz e d , may n o t en a b le  th e  e f f i c i e n t  u se  o f  p a ra -m ed ica l
O

p e r so n n e l and equipm ent. In  a  se p a r a te  p ie c e  o f  r e s e a r c h , F e ld s t e in  

con clu d ed  th a t  i n  B r it i s h  h o s p i t a l s  "too  much i s  b e in g  sp en t on n u r se s ,  

c a te r in g  and o th e r  s u p p lie s  and n o t  enough on d o c to r s , drugs and d r e s s in g s .



F e ld s t e in  recommended th a t  th e  number o f  d o cto rs  in  B r i t i s h  h o s p i t a l s  

b e in c r e a se d  r e l a t i v e  t o  o th e r  in p u ts .  Boaz, in  h er  p ro d u ctio n  a n a ly s is  

o f  19 fa m ily  p la n n in g  c l i n i c s ,  found t h a t  th e c l i n i c s  should  expand  

t h e i r  enploym ent o f  p h y s ic ia n s  f o r  "the h ig h  f e e  charged by th e  p h y s ic ia n  

i s  more than o f f s e t  by h i s  h ig h  m arginal p r o d u c t iv ity  compared t o  o th er  

person n el." '*

There i s  n o t  a s much c o n f l i c t  in  th e s e  f in d in g s  a s  m ight f i r s t  

ap pear. R ie in h a rd t and Sm ith , e t .  a l . ,  an a lyzed  m icro sam ples o f  

p h y s ic ia n s  in  p r iv a te  p r a c t ic e  to  reach  t h e ir  c o n c lu s io n s  th a t  a u x il ia r y  

p e r so n n e l were u n d e r u t i l iz e d  in  th e  p ro d u c tio n  o f  p h y s ic ia n  s e r v ic e s ,  

w h ile  F e ld s t e in 1s and B o a z 's  exam in ation  o f  h o s p i t a l s  and c l i n i c s  showed 

p h y s ic ia n s  t o  be u n d e r u t il iz e d  r e la t i v e  to  o th er  in p u t s .  The r e s u l t s ,  

th e n , appear to  be s e n s i t i v e  to  th e  s e t t i n g  in  which h e a lth  s e r v ic e s  

are d e l iv e r e d . I t  may be tr u e  th a t  p h y s ic ia n s  in  p r iv a te  p r a c t ic e  

c o n s i s t e n t ly  em ploy l e s s  than  th e  optimum number o f  a id e s  b eca u se  th ey  

p la c e  to o  sm a ll a v a lu e  on t h e ir  own t im e , or b eca u se  th e y  fe a r  com prom ising  

th e  q u a l i t y  o f  care t h e ir  p a t ie n t s  r e c e iv e .  On th e  o th er  hand in  more 

i n s t i t u t i o n a l  s e t t i n g s ,  such a s  c l i n i c s  and h o s p i t a l s ,  a d m in is tr a to r s  

may a ttem p t t o  ca r r y  th e  s u b s t i t u t io n  o f  c a p i t a l  and param edical in p u ts  

to o  f a r  b ecau se o f  a f e a r  o f  o v e r s to c k in g  ex p en siv e  p h y s ic ia n  t im e .  

A d d it io n a l ly ,  h o s p i t a l  or c l i n i c  a d m in is tr a to r s  may n o t be a s q u a l i t y  

c o n sc io u s  as p h y s ic ia n s  i n  p r iv a te  p r a c t ic e  b ecau se  co m p e titio n  f o r  

p a t ie n t s  may n o t  be a s  s e v e r e .

In  t h i s  ch ap ter we c o n s id e r  th e  p o t e n t ia l  o f  s u b s t i t u t in g  op tom etric  

a id e s  fo r  o p to m e tr is ts  i n  th e  p ro d u ctio n  o f  o p to m etr ic  s e r v ic e s .  O p to m etr ists  

in  p r iv a te  p r a c t ic e ,  l i k e  p h y s ic ia n s ,  combine in p u ts  o f  t h e i r  own tim e ,  

th e  tim e o f  a id e s ,  c a p i t a l  and o th er  in p u ts  to  produce h e a lth  s e r v ic e s .



I t  w i l l  be in t e r e s t in g  t o  d isc o v e r  w hether o p to m e tr is ts  in  p r iv a te  

p r a c t ic e  appear t o  be u n d er estim a tin g  th e  p o t e n t i a l  o f  s u b s t i t u t in g  

th e  in p u t o f  a id e s  fo r  t h e i r  own in p u t in  th e  p ro d u c tio n  o f  h e a lth  

s e r v ic e s .

O ptom etric A id es

S ix t y - s i x  p e r c e n t o f  p r a c t ic in g  o p to m e tr is ts  in  1970 employed
6

a id e s  who perform ed d u t ie s  beyond s e c r e t a r i a l  work. Only 1  p e r c e n t  

o f  th e  em ployed aideB  r e c e iv e d  any c o l l e g e  t r a in in g  to  become an 

op tom etr ic  a s s i s t a n t .^  Most (. 9 0  p e r c e n t) were tr a in e d  on th e  jo b .^  

The d u t ie s  o f  op tom etr ic  a id e s  are p r im a r ily  a d m in is tr a t iv e  and 

h o u sek eep in g , a lth o u g h  many a id e s  a s s i s t  th e  o p to m e tr is t  in  th e  form al 

p r o v is io n  o f  ey e  ca re  by h e lp in g  i n  s p e c ta c le  assem bly and r e p a ir ,  in  

fram e s t y l i n g  and s e l e c t i o n ,  in  v i s u a l  t r a in in g ,  i n  th e  m easuring o f  

v i s u a l  a c q u ity , and i n  th e  f i t t i n g  o f  c o n ta c t  l e n s e s .^

Method o f  A n a ly s is

To a n a ly ze  th e  p o t e n t ia l  o f  s u b s t i t u t in g  th e  in p u t o f  op tom etr ic  

a id e s  fo r  th e  in p u t o f  th e  o p to m etr ist:, in  th e  p ro d u c tio n  o f  op tom etr ic  

s e r v ic e s ,  we s h a l l  e s t im a te  p ro d u c tio n  fu n c t io n s  fo r  op tom etr ic  s e r v ic e s .  

We r e ly  e x c lu s iv e ly  on o rd in a ry  l e a s t  sq uares t o  e s t im a te  th e  p rod u ction  

r e la t io n s h ip .  The r e s u l t in g  e s t im a te s  a re  b ia s e d  u n le s s  we are w i l l in g  

t o  assume th a t  in p u ts  and o u tp u ts  a re  n o t  s im u lta n e o u s ly  d eterm in ed .

T h is  assum ption would be j u s t i f i e d ,  fo r  exam ple, i f  o p to m e tr is ts  choose  

c u r r e n t in p u ts  on th e  b a s is  o f  a n t ic ip a te d  o u tp u t , r a th e r  than cu rr en t  

o u tp u t .

Even i f  in p u ts  and ou tp u ts  a re  s im u lta n e o u s ly  determ ined in  

o p to m etr ic  p r a c t ic e s ,  th e  r e s u l t in g  e s t im a t io n  b ia s  may n o t be la r g e .



I f  o p to m e tr is ts  are co n fro n ted  w ith  s u b s t a n t ia l ly  d i f f e r e n t  prod uct 

and in p u t p r ic e s  or  d i f f e r  g r e a t ly  in  t h e ir  a b i l i t y  or w i l l in g n e s s  

t o  maximize p r o f i t s ,  th e  s im u lta n e ity  b ia s  i s  reduced.'*’ .R e in h a rd t  

argu es th a t  th e s e  c o n d it io n s  were met fo r  h i s  sample o f  p h y s ic ia n s .

He reason ed  th a t  th e  p r ic e  fo r  one o f  th e  in p u ts  in  h is

p ro d u c tio n  fu n c t io n  fo r  p h y s ic ia n  s e r v ic e s ,  p h y s ic ia n  t im e , must

n e c e s s a r i ly  v a ry  a  g r e a t  d e a l among p h y s ic ia n s  b ecau se i t  i s  a shadow

price and depends on how the physician values h is own time. Reinhardt

a l s o  n oted  th a t  h is  c r o s s  s e c t io n  sam ple o f  p h y s ic ia n s  in d ic a te d  th er e

w ere s u b s t a n t ia l  d i f f e r e n c e s  in  the p r ic e s  p h y s ic ia n s  r e c e iv e d  fo r

t h e i r  s e r v ic e s  and i n  th e  wage r a t e s  o f  a u x i l ia r y  p er so n n e l. He a tta ch ed

g r e a t e s t  im portance to  what he assumed t o  be a  d if f e r e n c e  in  th e  a b i l i t y

o f  p h y s ic ia n s  to  p r o f i t  m axim ize. He argues th a t  p h y s ic ia n s  d i f f e r

s u b s t a n t ia l ly  in  t h e i r  " a b i l i t y  (o r  w i l l in g n e s s )  to  a t t a in  p r o f i t

m axim izing l e v e l s  o f  f a c t o r  inputs,"^"*" i f  n o t so much in  t h e i r  a b i l i t y

to  u se  in p u ts  to  produce p h y s ic ia n  s e r v ic e s .  The rea so n  fo r  e in h a r d t 's

con cern  w ith  th e  problem  o f  sim u ltan eou s eq u a tio n  b ia s  i s  th a t  he

e s t im a te s  h i s  p ro d u ctio n  fu n c t io n  fo r  p h y s ic ia n  s e r v ic e s  by u s in g  ord in ary

l e a s t  squares. R :einhardt lacked adequate instrum ents from which two

stage estim ates could be derived. R einhard t did attem pt to  estim ate

a simultaneous system bu t termed the f i r s t  stage  estim ates "extrenifcjy
12poor" and th e  second  s ta g e  e s t im a te s  " im p la u s ib le ."

We a l s o  are co n fr o n ted  w ith  th e s im u lta n e ity  q u e s t io n  i n  th e  

s in g le  eq u a tio n  ord in ary  l e a s t  square e s t im a te s  th a t  we perform  below . 

U n fo r tu n a te ly , we a ls o  la c k  adequate in stru m en ts  from  which two s ta g e  

e s t im a te s  co u ld  be d e r iv e d . N e v e r th e le s s ,  we would appear to  be on as



s o l i d  a f o o t in g  a s  R e in h a r d t  in  m in im izin g  th e  s im u lta n e ity  b ia s .

F or we are  d e a lin g  w ith  a  n a t io n a l  sa n p le  o f  o p to m e tr is ts  in  p r iv a te  

p r a c t ic e  w h ile  R einhardt a n a ly zed  a  n a t io n a l  sam ple o f  p h y s ic ia n s  

i n  p r iv a te  p r a c t ic e .  A p ro d u ctio n  fu n c t io n  was e s t im a ted  u s in g  Ir v in g  

H och's in d ir e c t  l e a s t  sq u ares tech n iq u e which i s  d esig n ed  to  ta k e  account  

o f  th e  f a c t  th a t  in p u ts  in  a  Cobb-Douglas p ro d u c tio n  fu n c t io n  a re  

en d ogen ously  determ in ed . The r e s u l t in g  e s t im a te s  were n o t p la u s ib le ;  

th r e e  o f  th e  c o e f f i c i e n t s  were n e g a t iv e .

Cobb-Douglas F u n c tio n a l Form

We s h a l l  b eg in  by s p e c ify in g  th e  p ro d u ctio n  o f  op tom etric  s e r v ic e s  

a s  C obb-D ouglas. That i s ,  = A l j X j ^ j  D^  ̂ where i s  th e  ou tp ut  

o f  th e  i t h  op tom etr ic  p r a c t ic e  th a t  r e s u l t s  from  com bining th e  in p u ts ,

X j. T h is s p e c i f i c a t i o n  i m p l i c i t l y  assumes t h a t  s u b s t i t u t io n  among a l l  

in p u ts  can occur and th a t  o u tp u t i s  zero  i f  any in p u t i s  n o t u sed  in  

th e  p ro d u c tio n  p r o c e ss  ( i . e . ,  i f  th e  v a lu e  o f  any in p u t i s  z e r o .)  Our 

u se  o f  th e  Cobb-Douglas p ro d u ctio n  fu n c tio n  i s  in  v i o la t io n  o f  t h i s  

l a t t e r  assum ption  b ecau se one o f  our f a c t o r s  o f  p ro d u ctio n  w i l l  be 

o p to m etr ic  a id e s  and c e r t a in ly  i t  iB  p o s s ib le  fo r  an o p to m etr ic  p r a c t ic e  

t o  have a  p o s i t iv e  r a te  o f  o u tp u t w ith o u t th e  u se  o f  op tom etr ic  a id e s .  

Below we w i l l  s p e c i f y  a  p ro d u c tio n  fu n c t io n  th a t  i s  c o n s i s t e n t  w ith  

p o s i t iv e  r a t e s  o f  o u tp u t o ccu r in g  when some in p u ts  need n o t be u sed  i n  

th e  p ro d u ctio n  p r o c e s s .

Source o f  Data

We do fa c e  s e v e r a l  c o n s tr a in t s  i n  th e  e s t im a tio n  o f  a  p ro d u c tio n  

fu n c t io n  fo r  o p to m etr ic  s e r v ic e s  th a t  a re  in h e r e n t  in  th e  a v a i la b le  d a ta .  

Our d a ta  b ase  i s  th e  1961; N a tio n a l Survey o f  O p to m etr ists  conducted  by



th e  American O ptom etric A s s o c ia t io n . The prim ary problem  w ith  th e

d ate  s o l i c i t e d  i n  th e  survey i s  th a t  th e  q u a n tity  o f  in p u ts  u sed  in

th e  o p to m etr ic  p r a c t ic e  was ex p re ssed  in  v a lu e  term s in s t e a d  o f

p h y s ic a l  term s. As a r e s u l t ,  we must measure in p u ts  in  our p ro d u ctio n

r e la t io n s h ip  in  v a lu e  term s. T h is in tro d u c es  a  source o f  b ia s ,  th e

s i z e  o f  which depends on how much v a r ia t io n  e x i s t s  in  th e  fa c to r  p r ic e s

th a t  o p to m e tr is ts  f a c e .  M easuring in p u ts  i n  v a lu e  term s i s ,  however,

13a  common p r a c t ic e  in  th e  e s t im a t io n  o f  p ro d u ctio n  fu n c t io n s .  One 

advantage o f  m easuring inputB i n  v a lu e  term s i s  th a t  th e  la b o r  in p u t  

has a b u i l t  in  q u a l i t y  ad ju stm en t to  th e  e x t e n t  th a t  more p ro d u c tiv e  

workers r e c e iv e  h ig h e r  wage paym ents. I f  la b o r  was measured i n  p h y s ic a l  

■units, more p ro d u c tiv e  workers co u ld  n o t be more h e a v ily  w eighted  than  

th e  l e s s  p r o d u c t iv e . For a more thorough d e s c r ip t io n  o f  th e  d a ta ,  

see  appendix f \  .

M easuring Output

M easuring th e  ou tp ut o f  a  p h y s ic ia n , a  c l i n i c ,  or  a  h o s p ita l  has

been one o f  th e  m ost d i f f i c u l t  problem s co n fr o n tin g  h e a lth  e c o n o m is ts .

In  R einhard t's  an a ly s is  of the production o f physician se rv ice s , he

u sed  th r e e  d i f f e r e n t  measures o f  ou tp u t: p a t ie n t  b i l l i n g s ,  p a t ie n t  v i s i t s ,

and o f f i c e  v i s i t s .  As h e a d m its , th e se  m easures are fa r  from i d e a l  but

were th e  o n ly  m easures he had a v a i la b le .  The problem  w ith  u s in g  v i s i t s  as

an o u tp u t measure i s  th e  r a th e r  s u b s ta n t ia l  v a r ia t io n  th a t  must e x i s t

in  th e  q u a n tity  o f  s e r v ic e s  p ro v id ed  p er v i s i t .  P a t ie n t  b i l l i n g s  would

seem to  ta k e  accou n t o f  some o f  t h i s  v a r ia t io n  i n  p h y s ic ia n  s e r v ic e s

p er  v i s i t ,  b u t t h i s  measure can in tro d u c e  b ia s  depending upon th e  v a r ia t io n

i n  f e e s  charged b y  p h y s ic ia n s  f o r  s im ila r  s e r v ic e s .  R e in h a r d t f e e l s

I lia
t h i s  v a r ia t io n  may be q u ite  s u b s ta n t ia l .



One advantage we have in  our a n a ly s is  o f  th e  p ro d u ctio n  o f  

op tom etr ic  s e r v ic e s  i s  (p rob ab ly ) a b e t t e r  measure o f  o u tp u t than  

h e a lth  eco n o m ists  have had a t  t h e i r  d is p o s a l  i n  th e  p a s t .  Our measure 

o f  o u tp u t w i l l  be th e  number o f  r e f r a c t io n s  or v i s io n  exam in ation s  

perform ed by th e  o p to m e tr is t  in  196U. S in ce  the o u tp u t o f  an op tom etric  

p r a c t ic e  i s  g e n e r a lly  a  j o in t  p ro d u c t, c o n s is t in g  o f  a v i s u a l  exam ination  

and c o r r e c t iv e  l e n s e s ,  we must assume th a t  each o p to m e tr is t  p ro v id es  

n e a r ly  th e  same p ro p o rtio n  o f  e y e g la s s e s  t o  v i s u a l  exam in ation s i n  th e  

y ea r  and th a t  d i f f e r e n c e s  in  t h i s  p ro p o rtio n  are random throughout our  

c r o s s - s e c t io n  o f  o p to m e tr is t s .  I t  would seem f a i r  to  con clu d e th a t  th ere  

i s  much l e s s  v a r ia t io n  in  th e  q u a n t ity  and q u a l i t y  o f  s e r v ic e s  p rov id ed  

by o p to m e tr is ts  p er  r e f r a c t io n  th an  i s  tr u e  fo r  th e  c a se  o f  p a t ie n t  

v i s i t s  to  a  p h y s ic ia n .

M easuring In p u ts

As m entioned e a r l i e r ,  m ost o f  th e  in p u t d a ta  i n  ou r survey o f  

o p to m e tr is ts  was c o l l e c t e d  in  v a lu e  term s. The d a ta  in c lu d e -, th e  d o l la r  

amount o f  annual wages p a id  t o  a s s i s t a n t s ,  th e  d o l la r  amount o f  annual 

r e n t  fo r  o f f i c e  s p a c e , and th e  d o l la r  v a lu e  o f  c a p i t a l  s to c k  in  th e  o f f i c e .  

T hese v a r ia b le s  a re  In clu d ed  a s in p u ts  i n  th e  p ro d u ctio n  r e la t io n  w ith  

one s l i g h t  ad ju stm en t. The c a p i t a l  v a r ia b le  i s  m u lt ip l ie d  by .1 0  t o  

approxim ate d e p r e c ia t io n  o f  th e  c a p i t a l  s to c k . An a d d it io n a l  in p u t ,  

th e  number o f  hours worked per week by th e  o p to m e tr is t  was a ls o  c o l l e c t e d  

in  th e  su rv ey . T h is v a r ia b le ,  m u lt ip l ie d  by U9.J> t o  approxim ate hours  

worked p er  y e a r , i s  a l s o  in c lu d ed  a s  an in p u t i n  th e  p ro d u ctio n  fu n c t io n .



The E stim ated  . Cobb-Douglas P ro d u ctio n  F u n ctio n

The o rd in a ry  l e a s t  sq u a res  e s t im a tio n  o f  the Cobb-Douglas 

p ro d u c tio n  r e la t io n s h ip  i s  co m p lica ted  by  th e  p resen ce  o f  zero  

o b se r v a t io n s  fo r  th e  wage b i l l .  Seventeen  p e r c e n t  o f  th e  surveyed  

o p to m e tr is ts  d id  n o t em ploy a u x i l ia r y  p e r so n n e l. The most o f t e n  u sed  

s o lu t io n  to  th e problem  o f  ta k in g  th e  lo g  o f  a  zero o b se r v a t io n  i s  to  

a s s ig n  an a r b i t r a r i ly  sm a ll number to  ta k e  th e  p la c e  o f  th e  z e r o . O ften  

t h i s  number i s  one so  th a t  th e  l o g  o f  th e  o b se r v a t io n  becom es z e r o .

I f  th e  n o n -zero  o b se r v a t io n s  a r e  a s u f f i c i e n t  d is ta n c e  from  z e r o , t h i s  

approach i s  u s u a l ly  a ccep ted  w ith o u t co m p la in t. However, th e  r e g r e s s io n  

r e s u l t s  can  be q u ite  s e n s i t i v e  t o  th e  v a lu e  o f  th e  a r b i t r a r i ly  a s s ig n e d ,  

number. T h is i s  b eca u se  th e  s lo p e  o f  a  lo g r ith m ic  fu n c t io n  r e p r e s e n ts  

a p ercen ta g e  change, o r ,  over t im e , a compound growth r a t e .  The 

p ercen ta g e  changes im p lie d  in  t h e  o b serv a t io n s  on an in d ep en d en t v a r ia b le  

would be q u ite  s e n s i t i v e  to  w hether zero  v a lu e s  are a s s ig n e d  th e  number 

l j o r  sa y , th e  number 1 0 ,  even i f  th e  n o n -zero  o b se r v a t io n s  are la r g e .

For exam ple, 1 0 ,0 0 0  i s  1 0 ,0 0 0  p e r c e n t  la r g e r  th an  1 , and o n ly  1000 p e r c e n t  

la r g e r  than 1 0 .

B ecause o f  th e  p robable s e n s i t i v i t y  o f  th e  r e g r e s s io n  r e s u l t s

to  th e  v a lu e  o f  th e  number a ssig n m en t t o  ta k e  th e  p la c e  o f  th e  zero

o b se r v a t io n s  f o r  th e  wage b i l l ,  s e v e r a l  sm a ll numbers (E^) were a s s ig n e d

and d i f f e r e n t  r e g r e s s io n s  were e s t im a te d  fo r  ea c h . T hese numbers were

1 , 1 0 , and 1 0 0 . The E^ are some d is ta n c e  from  th e  n o n -zer o  o b se r v a t io n s

( th e  mean wage b i l l  o f  th o se  o p to m e tr is ts  in  th e  sample th a t  em ployed
f4b

a s s i s t i n g  manpower was $U3!?3). The r e g r e s s io n  r e s u l t s  are p rese n ted  i n  

T able 1 . A gain , th e  model was e s t im a te d  o v er  a  c r o s s - s e c t io n  o f  o p tom etric



TABLE 1

FULL SAMPLE COBB-DOUGLAS 
REGRESSION RESULTS

In te rc e p t
LN

D epreciation
LN

Hours
LN

Wage
LN

Rent Group
Dummy

R2

E»1 2.U81 .139 .382 • 03U .036 -»0U6 .12
(9 .0) (10.5) (15.2) (2 .3 ) (-1 .6 )

E-10 2 . m .133 .382 .050 .032 -.050 .13
(8 .6 ) (10.5) (15.8) (2 .0 ) (-1 .7 )

E-lOO 2.328 .120 .380 .088 .021 -.059 .13
(7 .7 ) ( io .5 ) (17-1) (1.10 (-2 .0 )

t  s t a t i s t i c s  in  parentheses

47 oo
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p ra c tic e s  in  the United S ta te s  in  1961*. The t o t a l  number of observations 

was 1*700. We can use the reg ress io n  r e s u l ts  to  examine the optimal 

employment o f fa c to r  inpu ts  in  the  production o f optometric se rv ices . 

F i r s t ,  however, we must derive the  f i r s t  order conditions e x p l ic i t  in  

the form ulation of the  production function .

Constrained output maximization of our Cobb-Douglas production 

function  y ie ld s  s l ig h t ly  d if fe re n t r e s u l ts  than  i s  the case fo r  a  

conventional Cobb-Douglas production func tion  because some of our 

inpu ts are measured in  value terms (wages, c a p i ta l ,  r e n t ) ,  and o thers 

in  physica l terms (o p to m etr is t 's  hours). The Lagrangian re lev an t to  

our production fu n c tio n  iss

D = c a p ita l  flow in  d o lla rs  
H = o p to m e tris t 's  hours
R “ r e n t  b i l l
DG= group p ra c tic e  dummy

shadow p ric e  inputed to  own hours 
by the op tom etrist

The f i r s t  order conditions fa r  any two inpu ts measured in

value terms are  (say, fo r  wages and c a p ita l)

where Q rep resen ts  the  sp ec ified  production function .

Or, the  two inpu ts  should be combined in  th a t  p roportion  where

The f i r s t  order condition  fo r  o p to m e tris t 's  hours, the  in p u t measured 

in  ph y sica l term s, is

where W 3 wage b i l l

£>
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The Inputs measured in  value terms and the  inpu t measured in  physical 

terms should be combined in  th a t  proportion where

With these r e s u l ts  in  mind we can examine the  optimal inputs 

proportions e x p l ic i t  in  our reg ression  re s u l ts  w ith the inpu ts 

p roportions used in  ac tu a l optom etric p ra c tic e s .

Table 2 shows the optim al input proportions or the r a t io  o f 

the reg ress io n  c o e ff ic ie n ts  and th e  r a t io s  of the mean values of inpu ts  

used in  optom etric p ra c tic e s . Our p a r t ic u la r  in te r e s t  in  th is  chapter 

i s  whether optometric aides are used to  th e ir  f u l l e s t  p o te n tia l  and 

i t  i s  th is  question we consider f i r s t .  By comparing the  r a t io  of 

mean annual hours devoted to  p ra c tic e  by op tom etrists  to  the  mean annual 

wage b i l l  of a u x ilia ry  manpower with the r a t io  o f the  respec tive  reg ression  

c o e f f ic ie n ts , we can solve fo r  th a t  shadow p rice  which the average 

o p tom etrist assigns to  the  value of an hour of h is  time in  terms of 

h is  employment o f a u x ilia ry  manpower. That i s :

This shadow p ric e  v a rie s  s u b s ta n tia lly  depending on the number 

assigned to  take the place of zero observations on the  wage b i l l .  When 

E“l ,  th e  o p to m etris ts ' erploymant o f au x ilia ry  manpower and the Cobb- 

Douglas s p e c if ic a tio n  of th e  production process imply the average 

op tom etris t im p lic ity  p laces a value of $16.32 on an hour of h is  own 

time in p u t. The computed shadow p ric e  f a l l s  to  $11.21 and $6.36 when 

the  assigned number i s  10 and 100, re sp ec tiv e ly .
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TABLE 2

OBSERVED AND OPTIMAL INPUT PROPORTIONS

R atio of C oeffic ien ts* R atio  of Observed Sauple Means

B-l B*10 E-100 B-l E=*10 B-100

In  Wage .2$ .38 • 73 W 3.16 3.17 3.20
I n  Dep D

In  Rent 1.05 ,6U .25 R .79 .79 .78
fcn Wage W

In  Hours 10.52 11.97 17.33 H .86*4 . 86.44 .86 ju,
I n  Rent R

In  Rent .26 • 2U .18 R 2.52 2.52 2.52
In  Dep D

In  Hours 11.10 7.62 U.32 H • 6 8 ^ ,68x^ . 6 7 ^
In  Wages W

In  Hours 2.7U 2.87 3.16 H 2.15-6^ 2.15^4
(p  Dep s

*E •  Number assigned to  take the p lace  of zero observations on the  wage b i l l .



The average n e t income of the  optom etrists in  our 1961* cross- 

sec tion  was ■ 15,128 d o lla rs  before taxes. The net hourly wage before 

taxes was then 7.63 d o lla rs , given the average 1*0 hour work week o f 

the optom etrists  in  the sanple and the assumed number of working weeks 

of 1*9.5. I f  taxes came to  15% of taxab le  income, an estim ate probably 

on the low s id e , the n e t hourly  wage a f te r  taxes would be 6.1*9 d o lla rs .

For E“l ,  the  equating of the observed and optim al inpu t proportions 

would req u ire  the op tom etrist to  employ 1161 d o lla rs  o f au x ilia ry  aide 

in p u t, given th a t the op tom etrist should evaluate h is  own time a t  6.^0 

d o lla rs , h is  approximate a f te r  tax  market w age.^  For E=10 and E=100, 

the optimal wage b i l l . '  r i s e s  to  1692 and 2985 d o lla rs , re sp ec tiv e ly .

The l a t t e r  fig u re  i s  only 60 d o lla rs  in  excess of the  observed average 

of a l l  the sampled op tom etrists . However, the optim al wage b i l l s  

determined from the  reg ress io n  re s u l ts  fo r  E®1 and E=10 in d ica te  the 

average op tom etrist i s  p lac ing  too much value on h is  own time by spending 

too much on aide in p u t, and th a t  he should su b s titu te  some of h is  own 

time fo r  th a t  of h is  a id es . At th is  po in t in  our in v e s tig a tio n , we 

are not able to  say which o f our computed shadow p ric e s  i s  the b est 

approximation of the ac tu a l value th a t  optom etrists p lace on th e i r  own 

tim e. Vfe are able to  re f in e  our estim ates/, below, as the in v e s tig a tio n  

becomes more complete.

I f  we compare o p to m e tris t 's  hours with ren t paid  fo r  o ff ic e  space

and with th e  c a p ita l in p u t, we can s im ila r ly  confute the value the optom etrist

p laces on h is  own time as made eviden t by h is  expenditures on these in p u ts .

For E "l, the imputed value o f an hour of the  o p to m etris t's  time i s  12.23

d o lla rs  with re sp ec t to  re n t expense and 1.27 d o lla rs  with respec t to  the
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use of th e  c a p ita l stock. The s im ila r fig u res  are 13*91 d o lla rs  and 

1.33 d o lla rs  fo r  E=»10, and 20.20 d o lla rs  and 1.1*7 d o lla rs  fo r E^IOO.

The d iffe ren ces  in  these estim ated shadow p ric e s  are extreme and these 

re s u lts  in d ica te  th a t  the inpu t proportions used by optom etrists in  the 

production of optometric serv ices su b s ta n tia lly  d if fe r  from the  optimum 

proportions im p lic it  in  the estim ated Cobb-Douglas production func tions. 

Because the d iscrepancies between the observed and optimal input 

p roportions, presented in  Table 2 are la rg e , we must question whether 

we have properly  sp ec ified  the production process.

Before we consider the estim ation  of a d if fe re n t fu n c tio n a l form, 

there remains one in te re s tin g  find ing  th a t  must be discussed. The 

reg ress io n  r e s u l ts  in d ica te  th a t  optom etrists in  group p ra c tic e  may 

be le s s  te ch n ica lly  e f f ic ie n t  than optom etrists  in  solo p ra c tic e . Holding 

input le v e ls  constan t, the group dummy c o e ff ic ie n t shows th a t ,  on average, 

each member of a group p rac tice  produces about five  percen t le s s  output 

than so lo  p ra c ti t io n e rs . The r e s u l ts  can be in te rp re te d  in  th is  fashion 

because the group p ra c titio n e rs  th a t were surveyed were asked to  p ro ra te  

the in p u ts  and output of the group p ra c tice  by p ra c ti t io n e r ,  and to  

rep o rt only the p o rtio n  which applied to  themselves.

These re s u l ts  do not imply th a t  the to t a l  output of the average 

group p ra c ti t io n e r  i s  le s s  than h is  solo coun terpart. In  f a c t ,  the 

mean annual number of v isual examinations provided by the  average group 

p ra c ti t io n e r  i s  b e t te r  than 10 percen t higher than the number provided 

by the average so lo  p ra c t i t io n e r .  The re s u l ts  do imply th a t  the group 

p ra c ti t io n e r  uses more inputs to  produce a u n i t  o f ou tput. The group 

p ra c ti t io n e r  i s  e i th e r  more w asteful ( le s s  tech n ica lly  e f f ic ie n t)  or provides’



more expensive, h igher q u a lity  ca re . Newhouse has argued th a t  group

medical p ra c ti t io n e rs  are more w asteful than solo p ra c ti t io n e rs  because
16

co st sharing  weakens th e  incen tive  to  minimize the costs  o f p ra c tic e .

The same could be tru e  fo r  op tom etrists .

The Fseinhardt Functional Form

To fu r th e r  analyze the production o f optom etric serv ices  and 

the  p o te n tia l fo r  expanding the output o f o p to m e tris t 's  p ra c tic e s  or 

increasing  th e i r  e f f ic ie n c y  by th e  increased employment of a u x ilia ry  

personnel, we s h a ll  estim ate an a lte rn a tiv e  production function  based 

on -R einhard t1s development of a production function  fo r  physician 

s e rv ic e s .

The production function  -R einhardt estim ated fo r physician serv ices 

i s  more v e r s a t i le  than th e  Cobb-Douglas production function  th a t  we have 

estim ated. R e in h a rd t 's  production function  perm its p o s itiv e  ra te s  of 

output to  occur when some inpu ts are not included in  the production p rocess, 

allows th e  fac to rs  to  be charac te rized  by both increasing  and decreasing 

marginal products, and does not co n stra in  th e  e la s t i c i ty  o f su b s titu tio n  

to  one. Since optom etric serv ices are  produced in  some instances w ithout 

th e  use o f one o f our sp ec ified  in p u ts , optom etric a idesj R e in h a rd t's  

production func tion  has soidb appeal. The general sp e c if ic a tio n  of 

R e in h a rd t 's  production function  i s t  ^
r  •*«" O  X  Lj +  -Q (Z  Lj )  +  l l J

(I) Q=  ATT [ X s  € r  J e  j '

where Xg demotes inputs th a t  must be used in  the production process and 

Lj denotes inpu ts th a t  can be excluded from the production p r o c e s s . ':

Specific  to  the  estim ation  of a production function  fo r  optometric 

se rv ices , we can rew rite  ( l )  as

Q= ft Hb‘eh'*Db*eh*D Rb4 ̂



where H i s  annual hours worked by the  op tom etrist; Q i s  10 percent 

of the value o f the c a p ita l stock in  the o ff ic e : R i s  annual re n t paid ; 

and W i s  annual wages paid to  a s s is ta n ts .  DG i s  the group p rac tice  

dummy. This func tion  can be e a s i ly  estim ated in  double log form. The 

estim ation  over the f u l l  sanple o f optom etrists y ie ld s :

log exams = 1.U6 - .072 Dummy Group + .115 log  D epreciation 
(-2 .5 ) (7.3)

_3
+ .381; log hours + .053 log  re n t - .019 x 10

(10.6) (1 .5) (-1 .3 )
_  3

re n t + .05U x 10 wages 
(16.6)

~8- .081 x 10 wages squared 
(-10 .6)

R2 -  .H i

t  s t a t i s t i c s  in  p a ren th es is .
b H b DThe v a riab les  log  e * and log e 3 are not included in  the

estim ated reg ress io n  because they were found to  have very low t  values

when incorporated in  the model.

As w ith the Cobb-Douglas production fu nc tion , we can use the

f i r s t  o rder conditions to in v e s tig a te  whether a u x ilia ry  personnel are

optim ally  used in  the production process. The re lev an t tagrangian  fo r

constrained  output maximization i s

Z. = Q + (C°-¥-R-K- m, H) ,

where Q i s  the  production function  and Mf i s  the shadow p r ic e  of an 

hour of o p to m e tris t 's  tim e. The f i r s t  order conditions with resp ec t to  

wages and hours can be reduced to  ra th e r  simple expressions!
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I f  we assign  H and W th e i r  sanple mean values, Mf a $3-32. This find ing  

i s  con trary  to  the r e s u l ts  derived from the  Cobb-Douglas sp e c if ic a tio n . 

According to  th is  r e s u l t ,  the  average o p to m e tris t 's  expenditure on aides 

im plies th a t  the  op tom etrist p laces a ra th e r  low value on h is  own time 

and should increase  h is  expenditures on a ides and s u b s titu te  some of 

t h e i r  time fo r  h is  in  the  production process. I t  appears as i f  the 

r e s u l ts  of our in v e s tig a tio n  of the  optim al employment o f a ides in  

optom etric p ra c tic e s  are sen s itiv e  to  the sp ec if ic a tio n  o f the production 

function .

One way to  fu r th e r  compare the two models of the  production o f 

optometric serv ices  i s  to  delete  from our sample a l l  those optom etrists 

who did no t employ a s s is t in g  manpower. By so doing, we elim inate  the 

problem of dealing  with zero observations th a t  we encountered w ith the 

Cobb-Douglas s p e c if ic a tio n . The prim ary advantage of R e in h a rd t 's  

sp e c if ic a tio n  i s  th a t  i t  perm its p o s itiv e  ra te s  of output to  occur w ithout 

the  use of some in p u ts . This advantage i s  elim inated i f  we accept as 

our sanple only those op tom etrists  who used a t  le a s t  some of each inpu t.



For th is  sample, the choice of the more Appr&pfc.'fe sp e c if ic a tio n  of the 

two i s  d i f f i c u l t ,  a p r io r i .  This i s  p a r t ic u la r ly  tru e  given th a t  the 

ex p o ten tia l expressions fo r  deprecia tion  and hours in  :P»einhardtjffunction 

estim ated over the f u l l  sample were s t a t i s t i c a l l y  in s ig n if ic a n t. The 

r e s u l t  o f th is  i s  to  b ring  R e in h a rd t 's  model c lo se r to the  Cobb-Douglas 

sp e c if ic a tio n .

The reg ress io n  r e s u l ts  are presented in  Table 3* As done 

prev iously , we can use the f i r s t  o rder conditions to  solve fo r  th a t  

shadow p rice  which the average op tom etrist assigns to  the value of an 

hour of h is  time in  terms of h is  employment of a u x ilia ry  manpower. The 

shadow p rice s  computed from the Cobb-Douglas sp ec if ic a tio n  are each 

about 3*90 d o lla rs . The shadow p rice  from the R einhard t sp ec if ic a tio n  

i s  3-78 d o lla rs .  The Cobb-Douglas shadow p rice  has fa l le n  considerably 

from i t s  le v e ls  ca lcu la ted  from the model estim ated over the  e n tire  sample. 

The R einhard t shadow p rice  has increased from 3*32 d o lla rs .

The im plication  o f the  change in  the  R ein h ard t shadow p rice  is  

th a t  op tom etrists  who do not employ a ides are more l ik e ly  to  undervalue 

th e ir  own time than are op tom etrists who do employ a ides. The drop in  

the  Cobb-Douglas shadow p rice  im plies the reverse}optom etrists who do 

not employ a u x ilia r ie s  value th e i r  time higher than op tom etrists  who do. 

This i s  an im p o ss ib ility  when the shadow p rice  of o p to m e tris t 's  time 

th a t  we have ca lcu la ted  i s  determined by a s s is t in g  manpower expenditures. 

O ptom etrists with a zero wage b i l l  would im p lic itly  value th e i r  own time 

a t  zero.

The im plications of both the production functions estim ated over 

th is  abrev iated  sample are the same. The low shadow p rices  in d ica te  th a t
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TABLE 3

ABHRIEVIATED SAMPLE REGRESSION RESULTS*

COBB-DOUGLAS

In te rc e p t
In
Dep

In
Hours

In
Wage

£1
Rent

Group
Dummy R2

2.161 .039 • 390 .223 -.039 -.01*0 .16
(2 .7 ) (10.0) (18.5) (-1 .5 ) (-1 .6 )

2.019 .035 .383 .211* -.01*1* .16
(2.1*) (9 .9 ) (18.5) (-1 .8 )

REINHARDT

In  exams a 2.581 + .061 Xn Dep -*-.021 In  Rent -.016 x 10 Rent 
(U.2) ( .9 )  (-1 .3 )

_ Q 8
+.399 In  Hours + .0l*7 x 10 Wages -.068  x 10” Wages Sq. 
(10.2) (l5 -3 ) (-10.3)

2
-.038 Group Dummy R ■ .11*
(-1 .5 )

*  Zero observations on wage b lU  deleted  from sanple

t  s t a t i s t i c s  in  parentheses

n =



1 3 5 -

op to m etris ts ' p lace too small a value on th e ir  own time re la t iv e  to  

what i t  i s  worth in  the market^and th a t  optometric serv ices could be 

more e f f ic ie n t ly  produced i f  the op tom etrist su b stitu ted  the time of 

a u x ilia r ie s  fo r h is  own in  the  production process. This conclusion i s  

c o n sis ten t with the  find ings derived from the R.einhardt sp ec ific a tio n  

estim ated over the  e n tire  sanple. I t  d if f e r s  from the conclusion drawn 

from the analysis  of the reg ression  re s u lts  of the  Cobb-Douglas model 

run over the e n tire  sanple. However, the  i n i t i a l  Cobb-Douglas estim ates 

are open to  question . The re s u lts  were sen s itiv e  to  the s ize  of the 

a r b i t r a r i ly  small number assigned to  take the p lace of zero observations 

on the wage b i l l  and th e re  i s  no s a tis fa c to ry  way to  determine which 

small number should be assigned. Also, there  were wide discrepancies 

between the optimal input proportions determined from the production 

function  parameters and the input proportions used in  a c tu a l p ra c tic e s .

And, as already mentioned, the  high shadow p ric e  estim ates from the i n i t i a l  

Cobb-Douglas estim ates are not c o n s is te n t with the low shadow p rices  

derived from the Cobb-Douglas reg ressions run over the abbreviated sanple 

when the  problem of zero observations was elim inated. For these reasons 

we do n o t place much confidence in  th e  i n i t i a l  Cobb-Douglas estim ates.

The optim al inpu t p roportions ca lcu la ted  from the Cobb-Douglas

production function  estim ated over the  abbreviated sample and the inpu t
1.7proportions used in  ac tu a l optom etric p rac tice s  are shown in  Table U. • 

Because re n t was s t a t i s t i c a l l y  in s ig n if ic a n t, only the inpu t proportions 

fo r  the  o ther in pu ts  are p resen ted . The discrepancy between the optimal 

and a c tu a l w age/depreciation ra t io  i s  no t nearly  as la rg e  as was the case 

fo r  the Cobb-Douglas function estim ated over the e n tire  sanple. The
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TABLE h
OBSERVED AND OPTIMAL INPUT PROPORTIONS

Ratio of C oeffic ien ts* R atio  o f Observed Saiqple Means

In  Wage . 6.11 w U.32
In  Dep D

In  Hours ■ 1.79 H .1*6^
In  Wage W

In  Hours - 10 .9U H 1 .9 1 ^
In  bep D

* From Cobb-Douglas production function  estim ated over 
sample w ith zero wage observations d e le ted



implicit shadow prices of an hour of the average optometrists time are

3.9 and 5.7 d o lla rs  in  terms of wages and d ep rec ia tio n , re sp ec tiv e ly . 

These re s u l ts  a lso  appear more reasonable than the comparable fig u res  

determined from the f u l l  sample Cobb-Douglas production estim ates . The 

data p resented  in  Table U suggest th a t  optom etric serv ices could be 

produced more e f f ic ie n t ly  i f  the s u b s titu tio n  o f a u x ilia ry  manpower 

fo r  c a p ita l  and o p to m e tris t 's  hours was extended. The ex ten t to  which 

optom etrists could p ro f ita b ly  expand th e i r  employment o f a s s is t in g  

manpower is  considered in  the  next sec tion .

The P r o f i t  Maximizing Level of Aide Input

To pursue our in v e s tig a tio n  fu r th e r , we can use the production 

functions to  determine the p r o f i t  maximizing wage b i l l  or the approximate 

number of a s s is ta n ts  th a t  op tom etrists  could p ro f ita b ly  employ a t  the 

given output p r ic e . I f  we consider the op tom etrist to  be a p r o f i t  

maximizer, h is  decision  ru le  for the determ ination of the optim al wage 

b i l l  can be derived as follow s:

P ro f it  3 T o tal Revenue -  Total Cost

where P i s  p r ic e  o f output, *• f  i s  the production function .

In  the case o f  the Cobb-Douglas production fu n c tio n , our decision 

ru le  i s :  __

By s u b s titu tin g  th e  mean sample values fo r  a l l  v a riab les  bu t the wage

TT =» P .f  (W,D,H,R) -  (W+9+R+ H)

1 ' T = P ' A W * w ir'<» H ’t|*

p.c<D r f ^ R  J rO G - 1 _  _^  w  I r \^ n  /



b i l l  and by u s in g  th e  r e g r e s s io n  r e s u l t s  we can s o lv e  f o r  what th e

o p tim a l wage b i l l  o f  th e  "average" o p to m etr ic  p r a c t ic e  sh ou ld  b e .

The p r ic e  o f  o p to m etr ic  s e r v ic e s  was determ ined by co n fu tin g

th e  average g r o ss  annual incom e per v i s u a l  exam ination  o f  th e  respond ing

o p to m e tr is t s ,  w e igh ted  by th e  number o f  exam in ation s perform ed. A ccording

to  th e  Cobb-Douglas model e s t im a te d  over th e  a b b rev ia ted  sam ple, th e

p r o f i t  m axim izing wage b i l l  o f  th e  average o p to m etr ic  p r a c t ic e  in  1961i 
l8

was $7960 . The same procedure can be fo llo w e d  fo r  th e  R heinhardt 

s p e c i f i c a t i o n .  The r e le v a n t  f i r s t  ord er c o n d it io n  i s :

(2) P.A H»1 D** Rb3 s’*1*  eb5“  e (b6W * ^  f  b &+ Z i> 7 V^= I

There i s  n p o s i t iv e  v a lu e  o f  W th a t  s o lv e s  t h i s  e x p r e s s io n  i f  mean v a lu e s  

are s u b s t i t u te d  f o r  a l l  o th e r  v a r ia b le s  and th e  r e g r e s s io n  c o e f f i c i e n t s  

from  th e  runs o v e r ,  th e  a b b rev ia ted  sample a re  u sed . The same i s  tr u e  

f o r  th e  e x p r e ss io n  when th e  f u l l  sa n p le  r e s u l t s  are a p p lie d .  However, 

we can tr a c e  o u t th e  l e f t  hand s id e  o f  (2 )  f o r  d i f f e r e n t  v a lu e s  o f  W, 

u s in g  both  th e  f u l l  and a b b r ev ia ted  sample r e s u l t s .  As shown in  . ,

W i s  c l o s e s t  t o  one a t  ap proxim ately  a  v a lu e  o f  8000 d o l la r s  in  b oth  

c a s e s ,  a lth o u g h  th e  fu n c t io n  i s  f a i r l y  f l a t  u pto  1 5 ,0 0 0  d o l la r s .

T h erefo re , th e  p r o f i t  m axim izing c o n d it io n  fo r  th e  op tim al 

employment o f  W, a s  determ ined  by th e  fu n c t io n a l  form , r e g r e s s io n  r e s u l t s  

and sample means, can  be b e s t  approxim ated i f  th e  wage b i l l  eq u a ls  about 

8 ,0 0 0  d o l la r s .  T h is r e s u l t  i s  c lo s e  to  th e  op tim al wage b i l l  d er iv ed  

from th e  Cobb-Douglas a b b rev ia ted  sample r e s u l t s .  I t  i s  worth m ention ing  

a g a in  th a t  th e  mean wage b i l l  fa r  th e  f u l l  and a b b rev ia ted  sa n p le s  o f
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TABLE $

VALUES OF F(W) FOR POSITIVE W* 

FULL SAMPLE RESULTS

6

4

2 0 ,  OCQ 30,0oo 4 0 ,0 O i

ABBRIEVIATED SAMPLE RESULTS

*f(W) -  l . h . s .  of ( 2) w ith  sample naans and reg ression  
c o e ff ic ie n ts  su b s titu te d  fo r  a l l  param eters and
v a riab les  b u t W

2t

 1-----

4c,goo w



optom etric p ra c tic e s  was 2,921 and h,3$3 d o lla rs  re sp ec tiv e ly .

Concluding Remarks

The r e s u l ts  o f our in v e s tig a tio n  support the claim  th a t  optom etrists
19are u n d e ru tiliz in g  aide input in  the  production o f optom etric se rv ice s .

The average op tom etris t could p ro f ita b ly  increase h is  employment of

a u x il ia r ie s  to  about two and one-half tim es th e ir  p resen t le v e l , according

to  the r e s u l ts  presented in  the  preceding sec tio n . According to  our

estim ated production functions, the output of the average optometric

p ra c tic e  would increase  by about 30 percen t i f  such an expansion in
20aide employment took p lace .

The u n s e tt l in g  question th a t  remains to  be answered i s  why op tom etrists  

have not chosen to  increase  th e i r  p r o f i t s  and output by expanding th e i r  

employment o f a id es . One assumption we have been operating under i s  th a t  

o p tom etrists  can s e l l  a l l  the serv ices  they want a t  the going market 

p r ic e . However, th is  may no t be tru e . Haffner found in  h is  1970 n a tio n a l 

survey of op tom etrists  th a t  22$ of a l l  respondents f e l t  th e i r  optometric 

p ra c tic e  under i t s  p re sen t s tru c tu re  could accomodate g re a te r  than 30$ 

more p a tie n ts .  The median respondent f e l t  h is  optom etric p ra c tic e  could 

accommodate 18$ more p a tie n ts  under i t s  p resen t s tru c tu re . I t  i s  possib le  

then  th a t  op tom etrists  have not h ired  more aides because i t  i s  not 

p ro f ita b le  fo r  them to  do so. The increase  in  output th a t  more aide 

inpu t would make p o ssib le  may come only a t  lower output p r ic e s . In  f a c t  

our production function  r e s u lts  are  p e rfe c tly  co n sis ten t with the notion 

th a t  many op tom etrists  are u n d e ru tiliz e d . These optom etrists may p lace 

a  low value on th e ir  own time because many of th e i r  hours are id le ,  bu t



mast be spent in  th e ir  o ff ic e s  w aiting fo r p a t ie n ts ,  most o f which are 

non-appointment. During th is  time they can complete much o f the 

a c t iv i t ie s  they would delegate to  aides i f  they were b u s ie r . S im ilarly , 

they can a ffo rd  to  spend a  su b s ta n tia l po rtion  o f time with each p a tie n t 

they do serve, and would be le s s  concerned w ith task  delegation  in  the 

treatm ent process.

There are o ther po ssib le  explanations fo r  the apparent re luctance  

o f optom etrists to  employ the p r o f i t  maximizing amount of aide inpu t.

For one, optom etrists could be unaware of the value of aides in  the 

production p rocess. Or, i f  not unaware of th e i r  va lue, optom etrists 

may be re lu c ta n t to  expand th e ir  numbers because of a fe a r  of a  compromise 

in  the  q u a lity  of care . R ein h ard t hypothesizes th a t these  reasons may 

p a r t ia l ly  explain why physicians do no t expand th e i r  employment of 

au x ilia ry  manpower.
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Manpower i n  O ptom etry, D ep t, o f  Labor c o n tr a c t 8 1 -3 U -7 0 -1 1 ,
1 971 , p . # .

7. Ib id , p .37.

8 .  I b id ,  p . 38 .

9. Ib id , p.lUi-52.

10. This can be e a s ily  shown. To i l l u s t r a t e ,  we w ill use the
Cobb-Douglas production fu nc tion , but these r e s u l ts  apply 
equally  to  o ther sp ec if ic a tio n s . We assume the firm  i s  a 
p r o f i t  maximizer and employs two fa c to r  inputs in  the 
production p rocess. I f  so , p r o f i t ,  TT can be expressed as

(1) TT = P.AK* LP U -  WL -  rK

where P i s  p rice  of ou tput, U i s  the e rro r  term , and W and r  are 
the  fa c to r  p r ic e s . Maximizing (1) w ith respec t to  a fa c to r 
in p u t, say L, y ie ld s

(2) ^  3 PAK*B U-W-0.o L
The derived demand fo r L can be determined by solving 2 fo r  L.



This expression i s  presented in  logarithm ic form fo r  ease 
o f exposition .

(3) Ln L = j i r  (In

The sim ultaneous equation b ia s  r e s u l ts  from the c o rre la tio n  
between a  dependent v a ria b le , in  th i s  case L, and the  e rro r  
term in  the Cobb-Douglas production fu n c tio n . The Cobb-Douglas 
production function can be w ritten  as

ln  Q 3 ln  A + o< lnK + p  In  I* + ln  U*

Assuming th a t  ln  U i s  not co rre la ted  with InP, lnK or ln  W, the

P + InA + °< lnK + ln  p  + ln  U - InW)

The im plica tion  of th is  r e s u l t  i s  th a t  b ia s  i s  introduced in to  
the ord inary  le a s t  squares (OLS) estim ato rs  of <* and g  . To 
show th i s  l e t

B 3 (X'^X) ^ X̂ Y i s  the OLS estim ato r

where X i s  the m atrix of observations of the  independent v a riab les
(fa c to r  inpu ts) and Y i s  the m atrix  of observations on the 
dependent v a riab le  (ou tpu t).

£  3 ( x 4 ) _1 X7X B + (X/ X)"1X/ U

E (B)- B + (X^X)-1 X/ U

I f  E (X^U) equals zero , th a t  i s ,  i f  the dependent v a riab les  
and the e rro r  term are uncorre la ted  the  OLS estim ators are 
unbiased. However, b ias  i s  introduced i f  X 'U  does not equal 
zero. In  our example, would be upward biased because

0 where the and rep resen t observations on 
the  n a tu ra l logs of L«and U^.

Note, however, th a t  th e  b ia s  i s  not la rg e  i f  llQ  i s
sm all. This would occur i f  v a ria tio n s  in  jftL could be explained 
predominantly by v a ria tio n s  in  o ther explanatory fa c to rs  ra th e r



than InU. This r e s u l t  I s  l ik e ly  i f  th e re  i s  su b s ta n tia l 
v a r ia tio n  in  the  o th e r explanatory v a ria b le s  in  the  derived 
demand equation. In  our exanple these v a riab le s  include 
InP, InW and InK. Furthermore, we can add an a d d itio n a l 
v a r ia b le , InV to  rep resen t th e  e r ro r  terra in  the  derived 
demand equation. This expression would rep resen t economic 
e ff ic ie n c y , o r the a b i l i ty  o r w illingness o f the  entreprenuer 
to  secure the p r o f i t  maximizing in p u t le v e l . The g re a te r  the 
v a r ia tio n  in  th is  v a r ia b le , as w ell as the  o thers we have 
mentioned, the  sm aller should be th e  simultaneous equation 
b ia s . Reinhardt argues th a t  v a ria tio n s  in  V are g re a te r  than  
v a ria tio n s  in  U because physicians are  more equal in  tech n ica l 
a b i l i ty  than in  economic a b i l i ty .  This conjecture cannot be 
v e r if ie d .

I t  i s  probable, however, th a t  v a r ia tio n  in  U i s  qu ite  la rg e  fo r  
physicians and op tom etris ts . This i s  because there  i s  l ik e ly  
to  be su b s ta n tia l e rro rs  in  the measurement o f  the  p h y s ic ian 's  
(o r  o p to m e tris t 's )  in p u t in  the  production process. Physicians, 
whose work e f f o r t  i s  s e l f  reg u la ted  in  th e i r  p riv a te  p ra c tic e s , 
would supply d if f e r e n t  amounts of tru e  inpu t per u n i t  of 
measured in p u t. For example, i f  measured physician  inpu t was 
hours devoted to  p ra c tic e  and i f  physicians varied  in  th e i r  
work e f f o r t  p er hour, then tru e  input would d if f e r  from measured 
in p u t. Since physician  inpu t i s  l ik e ly  to  have a high output 
e l a s t i c i ty  in  th e  production o f physician se rv ices , th e  v a ria tio n  
in  U re su ltin g  from e rro rs  in  measurement i s  l ik e ly  to  be 
considerable . To show t h i s ,  l e t  us assume th a t ou tput Q i s  
produced only by one inpu t H, which i s  measured w ith e r ro r . Let

Q « bH + V,

and l e t

h * H + c  E ( C ) " O j  

where h i s  a measure o f the  tru e  in p u t, H. I t  follow s th a t

Q ■ bh — be + V.

The e r ro r  term in  the  production re la tio n  i s  be + V. The variance 
o f the e rro r  term w ill  increase  the  la rg e r  the  measurement e rro r  
and the  la rg e r  the  output e l a s t i c i ty .

11. R einhardt, o p . c i t . , p .£6.

12. Ib id .

13. M. F e ld s te in , o p .c i t . ,  1967, p .97.

lUa. R einhardt, o p .c i t . ,  p .56.
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lUb. The mean wage b i l l s  over our sample of op tom etrists  by 
v isu a l exams produced are presented  below.

V i s u a l  E'xaMS M e a . v  VJaqe. Bill 
iu ooO's ___

N

< 500 $1.1 711;

500 -  1000 2.3 2002

1000 -  1500 k . i 1300

1500 -  2000 5.2 1*66

>2000 5.6 203

15. Vfe assume here th a t th e  hours worked per year by the average 
op tom etris t remain co nstan t.

16. Joseph Newhouse, "The Economics o f Group P ra c tic e ,"  Journal 
o f Human Resources. V III, 1, W inter, 1973, p .37-56.

17. The mean wage b i l l  increased  from 2,921 d o lla rs  to  U,353 
d o lla rs  when the zero wage observations were dele ted . The 
average d ep recia tion  expense increased  from 922 to  1,02U 
d o lla rs ,  the  mean re n t b i l l  changed from 2,320 to  2,U95 
d o l la r s ,  and mean annual hours worked by op tom etrists changed 
from 1981* to  1995.

18. As d iscussed in  th e  t e x t ,  the  f u l l  sample Cobb-Douglas estim ates 
appear biased because of the problem o f the  zero observations 
on the wage b i l l .  The p r o f i t  maximizing wage b i l l s  im p lic it  in  
these  reg ress io n  r e s u l ts  are*

$1,050 fo r E - l; $1,1*90 fo r E-10; and $2,590 fo r  E-100

These r e s u l ts  again demonstrate the  s e n s i t iv i ty  o f the  parameter 
estim ates to  the s iz e  of the number assigned to  take the  p lace 
o f the  zero observations.

19. See, fo r  exanple, H affher, o p .c i t . ,  p . l .
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20. The wage b i l l  ou tput e l a s t i c i ty  i s  equal to  the  wage 
c o e f f ic ie n t in  the  case o f th e  Cobb-Douglas sp e c if ic a tio n . 
This value i s  .21 in  the abbreviated  sample ru n s . To 
confute the  wage e l a s t i c i ty  fo r  the R einhardt sp e c if ic a tio n , 
w rite  ( l )  in  lo g s . Then

This e l a s t i c i t y  i s  .17 fo r  th e  f u l l  model reg ressions and 
.15 f o r  th e  abbreviated  model runs.

21. R einhardt, o p .c i t . ,  p .65.



APPENDIX A

The 1961* American Optometric 
A ssociation Economic Survey

In  1965, n early  every member o f the American Optometric A ssociation 

(AOA) was mailed a  q uestionnaire  th a t  s o lic ite d  d a ta  on the  economics of 

conducting an optom etric p ra c tic e . About 70 percen t of p ra c tic in g  

op tom etrists  a re  AOA members. The number o f questionnaires re tu rned  coded 

and punched by the AOA to ta le d  1*»750, which represen ted  approximately 1*0 

p ercen t o f a l l  AOA members. The percent of AOA members responding to  the 

survey by reg io n a l d iv is io n  of the  United S ta tes ranged from 33 to  1*5 p e rcen t. 

The means and standard  dev iations of the  v a riab les  used in  the  production 

a n a ly s is  are reported  below.

V ariable Mean Standard Deviation

Group Dunmy .09 .29

Wages $2921 1*1*80

D epreciation $922 635

Rent $2320 1251

Hours worked p e r year $1981* 357

V isual Exams $101*2 661*

The AOA sanple i s  fu r th e r  described in  the follow ing issues o f the  Journal 

o f  the  American Optometric A ssociation * A pril 1966, p.36l*-366; May 1966, 

p .1*77-1*81; June 1966, p .$66- 570? Ju ly  1966, p .683-685; August 1966, p .781-785; 

September 1966, p .883-886; October 1966, p .955-957.



1U8.

APPENDIX B

The Haffnar Survey

The H affner survey of op tom etrists was conducted as p a r t  o f A 

N ational Study o f A ssisting  Manpower in  Optometry. Grant #DL 81-3U-70-11, 

August 1971, Alden N. H affner, p r in c ip a l in v e s tig a to r . A complete 

d e sc rip tio n  o f th e  d a ta , including  summary s t a t i s t i c s ,  i s  contained in  

th i s  re p o rt. To quote from appendix B of the study*

A questionnaire  was sen t to  every th ird  p ra c t i t io n e r  l i s t e d  in  
a lp h ab e tic a l order on the  rev ised  American Optometric 
A ssociation membership l i s t .  A to t a l  o f U,268 optom etrists 
were se lec ted  fo r  the  study. I f  the  questionnaire  was not 
re tu rned  w ithin a one month time period , another questionnaire  
was sen t w ith an ad d itio n a l cover l e t t e r  urging the p ra c ti t io n e r  
to  re p ly . Following th i s ,  a  n ig h t l e t t e r  was sen t urging re p ly .
One month a f te r  the n ig h t l e t t e r  and l a s t  req u est, a c u t o ff  
date was s e t  and the  computer analysis  began. Each questionnaire  
was punched e n t i r e ly  on th ree  standard I  EM card s. A to t a l  of 
2,393 usable  s e ts  o f  data  were even tually  analyzed or a  £6.3/6 
o f  the t o t a l .

Since the  sampling procedure was so p rec ise ly  id e n tif ie d , the  addresses 

o f  the responding op tom etris ts  could be determined. As a r e s u l t ,  the  

socioeconomic c h a ra c te r is t ic s  of the  p lace  in  which th e  op tom etrist 

p ra c tic e s  could be co lle c te d  from th e  1970 census.

There are  two sources o f b ia s  which the reader should be aware o f.

F i r s t ,  a l l  responding op tom etrists  from a p lace with le s s  than l£00 people 

were deleted  from the sample because the  socioeconomic c h a ra c te r is tic s  of 

t h e i r  communities could no t be determined from th e  1970 census. Also, those 

o p tom etrists  whose place o f  p ra c tic e  could no t be located  in  the  Blue Book 

o f Optometry. 1970. or in  the  Red Book o f Ophthalmology and Otolaryngology.1970. 

were de le ted  from the survey sanple because the number o f competing eye 

p ro fess io n a ls  in  the  p lace o f p ra c tic e  could n o t be determined. The r e s u l t  of
£0th ese  d e le tio n s  was a  reduction  in  sample size  to  18.
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