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Introduction and Summary
viii

The purpose of this essay is an attempt to contribute 
additional theoretical and empirical content regarding the 
economic effects of occupational licensure. Particular 
emphasis is placed on the role of licensure in the health 
care sector, where such licensure is viewed as a primary 
impediment to an efficient and rational use of various types 
of health labor, as well as in attempts to deal with "short­
ages" of vital health care personnel. Specific application 
is made with regard to the nursing occupation (registered 
and practical nurses) since both the nature of licensing and 
the availability of data permit formulation of a testable 
econometric model. Thus, we do not perform an exhaustive 
survey of licensing practices among all or several groups of 
health labor. Rather, we view the application to nurses as 
representative of the problems confronted by most categories 
of health labor and their employers. The latter must attempt 
to utilize such labor in light of the restrictions imposed 
by the license.

Chapter I discusses theoretical aspects of licensure 
which were felt to be overlooked by several authors. We 
attempt to describe the welfare effects generated when li­
censure is imposed in a perfectly competitive labor market.
We discuss both the nature of the social welfare loss as 
well as the redistributional effects arising from the license.
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In addition, we examine the effects of the imposition of the 
license on the demand for labor, an area generally given a 
secondary emphasis by most authors (who primarily concentrate 
on the supply effects of licensure). Here we apply pro­
duction theory to a model in which "tasks" (individual pro­
duction processes) are viewed as primary inputs. These 
"taskB" are in turn produced by different classes of labor. 
Using a model of constrained output maximization (corres­
ponding to cost minimization), we obtain results describing 
an employer's response to the imposition of a license, which 
makes the participation of unlicensed labor in some tasks 
illegal. In general, we find that the effectiveness of the 
license in inhibiting the use of unlicensed labor in licensed 
labor tasks will depend upon (a) the "share" of the pro­
hibited "task" in final output, (b) the "share" of unli­
censed labor in the "task" prior to the imposition of the 
license, and (c) the relevant Allen partial elasticity of 
substitution of labor. This discussion additionally per­
mits us to characterize "restrictive" licensure.

In Chapter II, we describe the particular nature and 
issues involved in the licensing of health labor. The 
major distinction in this type of licensing, between man­
datory and •permissive licensure, is made, Mandatory li­
censure only allows licensed individuals to participate in 
the activities of a particular occupation, while permis­
sive, licensure enables unlicensed individuals to work in 
an occupation, as long as these individuals do not use the
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specific occupational title. The implications of this type 
of distinction for both the demand and supply of labor is 
modeled, with specific reference to nursing. In general, 
the discussion centers on the differences in relative wages 
and relative numbers employed (registered to practical 
nurses), resulting from shifts in demand and supply schedules, 
which may be attributed to the licensing distinction. In 
addition, a brief attempt is made to amplify work by George 
Stigler regarding reasons for the introduction of occupa­
tional licensing. We confine this effort to the registered 
nursing occupation.

Since the discussion in Chapter II is based upon the 
implications of the mandatory-permissive licensure distinc­
tion on the supply and demand for registered nurses relative 
to practical nurses, Chapter III presents an empirical 
strategy which attempts to separate these effects. A two- 
equation econometric model is specified with relative wages 
and numbers (RN to PN) as endogenous variables. The equa­
tion system contains variables to measure the effects of 
the licensing as well as other relevant exogenous variables.
A description of the data utilized and interpretation of 
the variables included is also presented. Due to data 
limitations and in order to preserve sufficient variation 
in the nature of licensing across jurisdictions, we confine 
our cross-section testing to the year I960,

In the framework developed, we are able to distinguish
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between the "direct" effects of licensure, as measured by the 
licensure dummy variables in each equation, and the "total" 
effects of licensure, which are derived from the reduced 
form coefficients of the system. In particular, it is shown 
that the direct effect licensure coefficient for mandatory 
registered nursing licensure in the relative demand equa­
tion can be used as an estimate of the "perceived" costs 
employers view violation of the license may impose.

In Chapter IV, a discussion of the estimation technique 
used and the empirical results obtained is presented. Most 
of the variables have signs which meet our a priori expecta­
tions. The direct effect of the imposition of mandatory 
registered nurse licensure on relative demand is found to be 
the strongest licensure demand variable. In our best speci­
fication, we estimate this effect to result in an increase 
in relative wages of 9.1 percent. This result is consistent 
with our expectations, but the magnitude of the effect does 
not permit us to assert that licensure is highly restrictive 
on the demand side. On the supply side, the effect of the 
imposition of mandatory practical nurse licensure is quite 
strong, resulting in an increase in relative numbers (RNs 
to PNs employed) by some 27 percent, A t-ratio of 2.10 
attests to the importance of this effect. In analyzing 
the supply effect, we attempt to distinguish whether it 
is the result of "discouraging" potential PN entrants or 
encouraging those entrants to "switch" to registered nursing.
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Our results tend to support the "discouragement" effect of 
the licensing.

We conclude this chapter hy presenting a discussion 
rationalizing the "significance" of the licensure variables, 
and interpreting our reduced form coefficients. With regard 
to the former, we attribute the mild demand effects of man­
datory licensure to a combination of poor enforcement ef­
forts, vagueness in the laws, theoretical considerations 
derived in Chapter I, and conflicting professional aims of 
the nursing profession.

A brief attempt is made, In Chapter V, to expand the 
analysis to include the effects of changes in the nature of 
registered and practical nursing licensure over the decade 
of the I960's. Since our data is limited, we treat this 
effort as a preliminary test. Here we utilize a framework 
developed by Benham, Maurizi, and Reder. This approach is 
based upon notions of movements over time responding to ini­
tial "disequilibrium" conditions, rather than changes in 
exogenous variables. However, this model fails to detect 
any strong evidence concerning the effects of licensure 
changes on relative wages or numbers over this period. We 
conclude that these effects do not appear to be present.

The effects of the varying nature of nursing licensure, 
then, seem to appear in our cross-section i960 analysis.
Our general conclusion, as regards the effects of licensure 
on the demand for registered relative to practical nurses,
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is that mandatory RN licensure may have a small discernible 
effect (given its sign and magnitude). The main effect of 
licensure, which appears through mandatory practical nursing 
licensure. is found on the supply side. Here, this type of 
licensure increases the ratio of RNs to FNs supplied, by 
"discouraging" potential practical nursing entrants. These 
results may provide some insights into the reactions of em­
ployers and nursing labor at a time when there has been con­
siderable debate regarding the effects of health manpower 
licensing.
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Chapter I
Theoretical Aspects of Occupational Licensure

1.1 Introduction
Licensure of an occupation has often been rationalized 

on the grounds that it contributes to the public interest. 
Formal rationales advanced by proponents often make claims 
to protection of the public health, safety, and morals. 
Implicit in such claims are aspects regarding lack of infor­
mation of consumers, the notion that society "knows best", 
and statements pointing to the disparity between social and 
private costs.'1' Members of occupational groups seeking 
licensure often do so on the grounds that they, as practition­
ers, are in possession of such specialized competence and 
knowledge so as to be able to specify the necessary prereq­
uisites which will result in successful practice by new 
entrants as well as protection and assurance for the public. 
These occupational groups further believe that they are capa­
ble of providing and enforcing the proper regulatory activ­
ity "on those rare occasions when an individual does not

2perform his work competently or ethically".

Thomas Moore, "The Purpose of Licensing", Journal of Law 
and Economics, (October, 1961), 103-110.
2Harris S. Cohen, "Professional Licensure, Organizational 
Behavior and the Public Interest", Health and Society, 51,
No. 1 (Winter, 1973), 7̂ .

i



While these statements of both governmental and occupa­
tional rationalization of licensure are expressed in terms of 
avowed altruism, some observers have noted that most of the 
demand for licensure is generated by occupational groups 
themselves, and rarely by public or consumer groups. Econ­
omists, in particular, have characterized licensure under 
the general heading of "restraints on entry" and have sought 
analytical analogies with trade unionism or monopolized indus­
tries. The goal of licensure, it is claimed, is not as much 
altruism as it is a desire to obtain additional rents or 
surplus to practitioners by imposing costs of entry on new or 
potential members of the occupation, and by limiting substi­
tution of unlicensed personnel.

The purpose of this first chapter, then, is to inves­
tigate the nature of the rents, redistributional effects, and 
welfare costs created by the imposition of a license. In 
addition, a model is presented which describes the effects 
of licensure on the demand for labor. From this analysis, we 
will attempt to gain insight into what constitutes restrictive 
licensure,

1.2 Welfare Implications of Occupational Licensure

Although there has been some discussion in the litera­
ture regarding the economic aspects of bccupational licen­
sure, analyses concerning the nature of the welfare costs, 
redistributional effects and rents thereby created have often 
been incomplete. For example, Simon Rottenberg, writing in



"The Economics of Occupational Licensing", devotes much of 
his effort to an examination of the rents created by licen­
sure (which he asserts is a primary goal of occupational 
groups seeking licensure), and the implications of the li­
cense for entry into the occupation. He states that if in­
cumbents in an occupation have entered at lower costs, the 
creation of a license, which imposes additional costs on new 
entrants, will generate rents by curtailing employment and 
increasing wages. In addition, he notes that the inclusion 
of a "grandfather clause", which frees incumbents from the 
added costs, is a necessary requirement for these rents to 
be secured. Thus, he declares, "incumbents in any trade have
the incentive to perpetuate a license requirement...at ever

khigher standards."
However, Rottenberg*s analysis does not completely com­

bine these aspects of licensing. The imposition of added 
costs on new entrants and a grandfather clause to protect 
incumbents will not alone generate rents'* since incumbents 
will still be employed and willing to work at the prevailing 
market wage. What is required, as will be shown below, is 
an increase in demand for labor in the occupation which will

^Simon Rottenberg, "The Economics of Occupational Licensing", 
Aspects of Labor Economics. A Conference of the Universities- 
National Bureau Committee for Economic Research (Princetom 
Princeton University Press, 1962).
k .Rottenberg, p. 6.
5Ibid.. p. 11.



generate rents above what would exist had licensure been 
absent. Rottenberg's analysis of the employment and wage 
effects of licensure makes the added costs of entry fall on 
both incumbents and new entrants.^ It is incomplete since 
he does not deal with how the existing decline in employment 
would be distributed among incumbents, or why incumbents in 
an occupation would desire licensure unless compensation is 
made for the reduction in employment they might suffer.

7Similarly, two other works on licensure, by Thomas Moore'
Q

and Alex Maurizi , are incomplete in their discussion of the 
effects of licensure. Moore's article, while presenting a 
comprehensive discussion of possible motives for licensing, 
neglects to incorporate the notion of a grandfather clause 
and makes the imposition of the license itself sufficient to

ogenerate increased rents. Although he notes that "the more 
demand is growing for the occupation, the greater the return 
from licensing"^0, he initially emphasizes the increase in 
entry costs as resulting in increased rents. He correctly 
notes that incumbents in the occupation will gain if the

^Rottenberg, pp. 7-9.
7'Moore, op. cit,
O
Alex Maurizi, "Occupational Licensing and the Public Inter­
est", Journal of Political Economy. 82. Ko. 2. Pt. 1. (March/ 
April 19757,'399-^13.---------
^Moore, 110-113,
10Ibid., 112.



increase in entry costs are in the form of tuition costs and
book costs (which are returned to members of the occupation
and may to some extent increase the demand for the services
of members).^ However, he tends to emphasize the shift in
supply (due to increased entry costs) independently of the
demand side. Thus on 111-112 he states:

The larger the rise in the cost of entry, 
the greater will be the return to practi­
tioners already in the industry, ceteris 
•paribus. This is true because the amount 
by which the supply curve of practitioners 
shifts upward is a function of the rise in 
the cost of entry. Since supply and demand 
must tend toward equality, the price of the 
service and consequently the income of li­
censed practitioners must rise until equi­
librium is reached.

Moore, therefore seems to be emphasizing the shift in 
supply along a stable demand schedule as the source of rents. 
However, this shift in supply will generate employment 
effects, and how these will be distributed among existing 
practitioners is not made clear. In addition, as I show below, 
if incumbents to the occupation are protected by a grand­
father clause from the provisions of the license, it is not 
clear that wages will rise simply because the license has 
been imposed. Although Moore does provide a hypothesis con­
cerning the relationship between rents to incumbents and the 
growth of demand for the services of the occupation, he rele­
gates this aspect to a secondary role.

Maurizi's note attempts to test the proposition stated

■^Moore, 111.



by Moore regarding the growth of demand for the occupation 
and the returns from licensing. Again, Maurizi's model es­
sentially explains the creation of rents by a rise in entry 
costs which shifts the supply schedule to the left. Maurizi 
does not distinguish entrants from members in the profession 
prior to the license. If, as Maurizi asserts, "after li­
censing is imposed there will be a drop in entrants and an

12income gain distributed to members of the profession" , we 
must assume that these members have been freed from the new 
costs of entry. Once again, it is not clear that all members 
of the occupation will benefit equally from the rents created. 
Therefore, a corresponding increase in demand must be intro­
duced when discussing the creation of rents. Thus, while 
these authors point to the growth in demand as increasing 
rents over time, initial rents for all incumbents will like­
wise depend upon shifts in demand. These points will be elab­
orated below,

A more complete discussion of the welfare implications 
of occupational licensure may be considered by examining the 
following graphical model (Figure I) describing the intro­
duction of licensure in a competitive labor market by members 
of an occupational group. ^  Initial wages (OWq) and employ­
ment (0Q0) are determined by the intersection of labor (derived)

■^Maurizi, 401.
13JT wish to acknowledge several interesting discussions with 
Professor William Landes in the development of this section.



Figure I 
Welfare Effects of Licensure
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demand and supply schedules at point E, As a simplifying 
assumption, all employed workers (0QQ) are considered members 
of the occupational group and will be referred to as incum­
bents. These incumbents decide to impose some barrier to 
entry (a license) which therefore raises the cost of entry 
to any additional units of labor (beyond 0QQ) seeking employ­
ment in the industry. As a result, the portion of the sup­
ply schedule beyond E rises, reflecting the increased costs 
of entry (TE). These costs, which may include such magni­
tudes as training costs, entrance costs (initiation fees), 
and costs of waiting, are assumed equal for all units of 
labor beyond E. Note that the portion of the supply schedule 
LE remains stable, reflecting the fact that incumbents have 
not imposed the licensing requirements upon themselves (i.e., 
the use of a grandfather clause). As has been pointed to 
above, most authors view the entire supply schedule as having 
shifted. However, this implies that incumbents (i.e., those 
presently employed) are subject to the costs of the license, 
and this is not strictly the case. Therefore, equilibrium 
wages do not necessarily rise. Thus, our supply schedule, 
after the imposition of licensure, becomes LETS*

14The analogy used here is one of the imposition of a per 
unit tax levied on all units of labor beyond 0Qq. It is 
assumed that the added cost is constant for all units of 
labor beyond 0QQ.
■^Our analysis considers an intermediate length of run for 
which all incumbents remain in the occupation. This is most 
consistent with the question of how incumbents in the occu­
pation gain once licensure is imposed. If we assume a small
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The welfare effects of the imposition of licensure are 

generated by an increase in the demand for the services of 
labor in the occupation, which creates new opportunities for 
employment. The introduction of an increase in demand to il­
lustrate the welfare effects has several advantages. It avoids 
a tangential discussion of how selection of new members to 
replace retired or deceased members of the occupational group 
takes place when conditions of stable demand are maintained.
It implicitly recognizes the notion that age structure of an 
occupation may be an important factor in determining which 
occupations attempt to license, since among other reasons, 
incumbents will support licensure if they feel they will still 
be working and able to reap the benefits. Finally, it also 
takes account of the fact that the license and broad coverage 
of work requiring a license raises the real costs of employing 
substitutes (non-licensed labor), where real costs include 
possible penalties and fines. The rise in these real costs 
will also shift the demand schedule as indicated. Without 
the shift in demand, the labor market will remain in its 
inital equilibrium with the welfare costs being limited to 
the effect of costs involved in setting up the administrative 
machinery to establish licensing procedure.

As a result of licensure and the increase in demand

^(continued) turnover rate in the occupation, our results 
would not be substantially altered, but would have some 
dependence upon how the new entrants were distributed on 
the portion of the supply schedule LE (that is, on which 
workers were leaving). Assuming a large turnover rate is 
not consistent with the belief that occupations license 
in order to secure rents for incumbents.
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(to D1) a new equilibrium is established at point M. Wages 
are now 0W^ and employment OQ^.^ At the higher wage, incum­
bents (0Qq=WqE) now receive an addition to their previous 
rents (LWqE) of WqEGW^, Note that without licensure and the 
same increase in demand (now composed only of the increase 
in demand for labor services resulting from an increase in 
demand for the product), the resulting equilibrium (point N) 
would have established wages of OWg resulting in additional 
rents to incumbents of only WgWgEF, As a result of licensure, 
incumbents receive an additional surplus of W^WgFG.

The welfare loss incurred by society may also be observed. 
At the new equilibrium point M, the value of marginal benefits 
from employing 0Q̂  workers, Q M̂, exceeds the marginal (oppor­
tunity) cost of resources, read off the original supply sched­
ule Q̂ R. As a result, welfare would be enhanced by employing 
0Q2 workers and operating at point N (the equilibrium point 
without licensure where marginal benefits from employment are 
equal to real marginal opportunity costs of using resources
elsewhere). Thus licensure, by curtailing employment by Q2Qi »

17imposes a social welfare loss of triangle MNR, '

■^It is assumed that incumbents do not alter the number of 
hours worked as a result of the increase in demand.
17'It should be noted that we need not include in our measure 
of welfare loss, the loss of consumers' surplus resulting 
from possible increases in the price of final output. As 
Daniel Wisecarver has shown in "The Social Costs of Input 
Market Distortions", American Economic Review. LXIV, No. 3 
(June 197 )̂» the full extent of welfare loss is captured in 
the area between a factor's derived demand and supply sched­
ules. To include the loss in consumers' surplus as well would 
be to engage in double-counting and hence overstatement.
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It should be pointed out that MNR may not fully approx­

imate the total welfare loss. This may be seen by concen­
trating on area TMRE which represents the added costs im­
posed upon new entrants to the occupation (entry costs per 
unit, TE, times the number of new units, Q^Q0» less original 
opportunity costs ERQq Q^). The extent of the welfare loss 
will depend upon the nature of these costs. If they are 
merely monetary transfers to incumbents (e.g., entrance or 
initiation fees), then no real productive opportunities are 
foregone, and MNR will represent the welfare loss. However, 
if these costs include time spent in training or periods of 
apprenticeship, for which some real productive opportunities 
have been foregone without any corresponding increase in out­
put while training is being undertaken (or afterward), then 
area TMER should be included with MNR as approximating the 
full welfare loss. If some output is being produced while 
training is being undertaken, then only a portion of TMRE 
will be included. Thus, the extent of the welfare loss may

lO
That TMRE represents the additional total costs may be seen 

from the fact that TMRE is a parallelogram. Drawing lines 
perpendicular to TE and extending them to MQ. at Y and Z 
form triangles TMY and ERZ, New costs of entry are strictly 
TE times EZ (=QoQl) which equals TYZE, Triangle ERZ will 
Squal triangle MTY so that TMRE will represent the area of 
additional cost.
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range from MNR to MNRET depending upon the above considera­
tions.

It should be noted that it is probably appropriate to 
include part or all of TMRE as adding to the welfare loss 
since the nature of these costs will probably take the form 
of training costs and hence, some real output foregone (if 
the license is strictly an artificial barrier we may also 
expect there to be little increased future productivity from 
this "training"). This is likely to be the case because 
occupational groups, in their attempts to obtain legislative 
support for licensure, will often base their assertions on 
the need to establish a set of minimum qualifications for 
entry. It seems reasonable, therefore, to suppose that the 
stipulation of a minimum training period for new entrants 
would support this end and make legislators less suspicious 
of the aims of the occupational groups. This strategy would 
appear far more feasible in gaining legislative support for 
licensure than merely requiring entrants to pay an entry fee 
(a monetary transfer).

Finally, it may be instructive to observe the nature of 
the redistributional effects imposed by licensure. Without 
licensure, had equilibrium point N been established (as a 
result of an increase in the demand for labor), W^WgMN would 
represent part of consumers’ (demanders of labor) surplus. 
However, the imposition of licensure, which establishes 
equilibrium point M, results in the loss of this portion, with 
W^WgFG being redistributed to incumbents, GMT taking the form



of rents to new entrants, and FTMB taking the form of pay­
ments to entrants which absorb part of their training costs. 
The area F3RE represents a loss of rents to new entrants who 
now must incur this amount as a cost of entry. Area MNR 
again represents society's welfare loss which results from 
curtailment of employment licensure.

Thus, the welfare implications of licensure suggest a 
gain in rents to incumbents above what would have been gener­
ated by an increase in demand had licensure been absent. Sur­
plus is transferred from consumers of labor services to in­
cumbents and new entrants. Hence, an incentive exists for 
incumbents to create and perpetuate licensure. Society incurs 
a net welfare loss with the extent of gains and losses de­
pending upon the slopes of demand and supply schedules. In 
general, rents to incumbents will increase the lower the 
slope of the demand schedule and the larger the slope of the 
supply schedule. The total welfare loss to society, area 
MNRET, will be larger the lower the slope of demand and sup-

197See Appendix I for proof of these points.
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1.3 The Effects of Licensure on the Demand for Labor

Most discussions of occupational licensure have empha­
sized the restrictive effects such licensure imposes on 
entry to a particular labor market and hence, on the sup­
ply of labor. In this section, I will present a general 
model which describes how such licensure might affect the 
utilization and demand for labor. In particular, the model 
suggests that the effects of licensure will be more restric­
tive for a given expected penalty faced by employers, the 
larger the share of tasks in production a particular class 
of labor is prevented from performing, and the larger the 
share in the production of these tasks this labor class com­
prised before the license. The model, therefore, borrows 
fr'om basic production and consumption theory in which the 
sensitivity of demand for any type of input, given a change 
in its price, will depend upon the share of that input in 
the production or consumption process.

20Consider then, a process of output maximization in 
which the production function for output Q is expressed as 
a function of two tasks, g and fs Q = Q(g,f), Viewing 
"tasks" as inputs in a production process is not as abstract 
as it may seem, for many production "processes" may be des­
cribed in this manner. For example, if we were to consider 
the output "education", we could certainly envision a pro­
duction process consisting of substitutable and complementary

20The results of the analysis would not be altered if the 
aim of the firm were to minimize costs.
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tasks such as exams, assignments, and lectures. More spe­
cifically, if we were to consider the output (with respect 
to health care where a variety of outputs are produced) "a 
patient with clear breathing", we could enumerate several 
tasks in this production process. These might include suc- 
tioning the patient to clear the breathing passage, the per­
formance of a tracheotomy, artificial respiration, placing 
the patient in oxygen, or even physically thumping or posi­
tioning the patient in a manner designed to remove the block­
age.

The production function Q = Q(g,f) is assumed to be
linear homogeneous in tasks, and we assume that substitution

21between tasks in the production of output is possible.
Each task, g and f, is assumed to be subject to production
functions of the form g = g(l'gi*lJg2  ̂an<*  ̂= ^^fi*^f2  ̂w^ere

a (i = g,f? j = 1,2) represents an input of labor from A J 22two classes and I»2 • Again, I assume that each task
production function is linear homogeneous in its labor in­
puts and that substitution between inputs in each is possible. 
Returning to the above examples, physicians, nurses, and 
therapists could be employed and substituted for in each of

21Thus, in the above examples, substitution among tasks in 
the production of "clear breathing" is distinctly possible! 
similarly, the production manager of the education process 
(department chairman) may use a number of the above tasks 
in alternative configurations.
22Labor is assumed to fall into two distinct classes 
distinguised by licensing (to be introduced later).

J
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the tasks (to varying degrees)? similarly, teachers, aides, 
and students could enter the production functions of each 
of the tasks comprising the output "education".

By Euler's Theorem, we can express the shares of each 
of the inputs in each production process as*
i) For Q = Q(g,f), (1) Q = Qg.g + Qf.f so, SQ ĝ = Qg.g and

Q
SQ f = where Qg» Qf are marginal products of each task

~Q
in the production of Q. Similarly,
ii) For g = g(Lgi* f = f(L^, "the task production
functions, (2) g = Slgl .lgl + 6 ^ . I#, Sg>1 - 8 ^ . 1 ^ .

g g

Sg,Lg2 = gLg2,Lg2 ^  f = fLfl,Lfl + fLf2,Lf2’ Sf,Lfl = 
g

fLfl'Lfl
f

Sf,Lf2 = fLf2'Lf2 where gLgl’ gLg2’ fLf1' fLf2 rePresent the 
f

marginal products of labor in each task? S represents the 
respective share. By substituting (2) and (3) into (1), we 
can obtains

(*0 Q = Qg*gLgi *Lgi + Qg‘SLg2‘Lg2 + Qf fLfl,Lfl + QffLf2,Lf2 
a result which will be used later on.

The cost constraint faced by the firm is assumed to be 
of the following form* C = Wgl.Lgl + + Wg2Lg2 + Wf2Lf2

where W. . represents the wage for a given type of labor in 1JXU
the i task (i = g,f). The wage received by a given type
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of labor is assumed to be equal across tasks (W^ = W^i 
Wg2 = Wf2  ̂ f°r analytical purposes, I want to examine 
the effects on the use of labor when a particular W. .

J- J

changes. The change in the w . . will represent a change inJ
the wage "perceived" by employers due to licensure.

Given the above, we maximize the following Lagrangian 
expressions

Z = Q(g,f) + XC* - 4$wij,Lij-7 where g = e(Lgl ■ V
i-3

f = 1^2 •̂ Therefore,

= Q.i, —  Aw.. = 0, (i = g,f» j = 1,2)
^ Lij

= C —  &W...L.. = 0.
ij 13 10

The first-order conditions establish straightforward 
rules for allocating each type of labor within a given task 
and across tasks.
i) Within tasks: gLgl Wgl fLfl Wfl

gLg2 Wg2 * fLf2 Wf2 
that is, equate marginal rates of substitution within tasks 
to relative wages for each type of labor in a given task.
ii) Across tasks. Qe.glgl = y g ^  = Wgg

Qf.fLfi Wfl Qf*fLf2 Wf2 
If we assume the wage paid to a given type of labor is con­
stant across tasks, these conditions reduce to:

Qg,gLgl = Qf,fLfl * Qg,gLg2 = Qf*fLf2» 
that is, the marginal contribution to final output of a
given type of labor across tasks should be equated.
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The effects of the imposition of a license penalizing 

the use of a particular type of labor in a given task is 
analogous to changing one of the task wage rates, say Wgl, 
to the firm. The change in this wage to may be one that 
is "perceived" by the firm in light of possible penalties 
it faces for using unlicensed Lj in task g (the performance 
of which now requires a license).2-̂ Or, it may reflect a 
premium above Wgl to entice to perform g, given possible 
penalties unlicensed may face in this activity. There­
fore, to obtain the effect of such a wage change on the use 
of L Lg2 and their factor ratio, I totally differentiate 
the first-order conditions. I will examine these effects 
for compensated changes in Wg ,̂ that is, holding output con­
stant .

Using Cramer's rule, we can establish the result that
^Lgl = A/» where A,i is the cofactor of

A
Substituting \ = from first-order conditions, we

wgi
obtain ^g^Lgl A// as a compensated substitution

dWgi = wgi a  
effect (where A  is the bordered Hessian determinant). In

elasticity form*̂ r\ Lgl,Wgl = Qg,gLgl A//» MultiP1yin6 the 
__________________________ Lgl A.
%hese perceptions will depend upon both the magnitude of 
the "fine" or punishment involved and the probability of con­
viction.
2 LlSee Appendix II for the complete development.
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right-hand side by Q g gl we obtaini

Q,«,Lgl
V  Lgl.wgl = o^g . glgl.i.sl . 2- ^ i L  - sQfg.sg>1 . l i

Q g hgld &  gl Lg l ^
where the shares are defined above. Since Q = Q .g + Qf.f =O ^
QggLgl,Lgl+QggLg2,Lg2^ffLfl,Lfl+QffLf2,Lf2' from above,
we obtain:
"H V V ^ Q . g ^ g . l g l  •(Qfi8teiLgl ̂ B gLg21g2+qffL f A 1 +8fflf2Lf2) A "

Lgl2 ^
where the last expression on the right is the Allen "own” 
partial elasticity of substitution2  ̂for Lg  ̂in output Q. 
Therefore,

Lgl * Wgi = SQ,g*Sg,Lgl* ̂ Lgl.Lgl*
Similarly, we can show the compensated cross-elasticity to 
be:

^ Lg2’Wgl = SQ,g*Sg,Lgl’ Glgl,Lg2'
Note thatO^Lgl>Wgl<o and ?) Lg2 f Wgl> 0 as ^ Lgl>Lgl< 0

and ^Lgl,Lg2 ̂  0,26

2^R.G.D, Allen, Mathematical Analysis for Economists (New 
York: St. Martin’s Press, 1967), pp. 503-505.
26Note that the signs of the Allen partials are constrained 
by the following relationship:

SQ,Lgl • ̂ Lgl,Lgl +SQ,Lg2• ̂ Lgl,Lg2*SQ,Lf 1 ̂ Lgl,Lf 1+SQ,Lf2 ̂ Lgl,Lf2
=  0

Since the Allen own partial ̂3 remaining Allen
partials must in combination be sufficiently positive to 
offset igi> Therefore, it is possible for the remaining
Allen cross-partials to be ) 0, Allen, pp. 50^-505. See 
Appendix II for these results.
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Thus the sensitivity of demand for each of the above 

factors will depend upon the share of task g in the pro­
duction of Q, the share of "unlicensed" labor (Lĝ ) in the 
production of task g, and the relevant Allen partial. In
general, the elasticities will be greater the larger each 

27of the shares. The results make intuitive sense since 
if task g were used extensively in production, but V s 
share in production were quite small, imposing a license 
prohibiting use of in g would have a small overall ef­
fect on the firm's use of L̂ .

From the above, we can also derive the elasticity of 
substitution between Lgl and Lg2 with respect to a change 
in Wgl. Since dLgl = = dWgl .QggLgl All, then

A  wgi A
multiplying both sides by ^gl Q gf we obtaini

Lgl * Q * g

(5) ELgl = EWgl*SQ,g,Sg,Lgl* Clgl.Lgl 
where E^^ and EWg  ̂refer to percentage changes in Lg  ̂and 
Wg  ̂respectively (i.e. dLg  ̂ dWgl). Similarly, it can be

Lgl Wgl
shown that: (6) ELg2 = EWgl.SQ#g. G^glfLg2. Subtracting
(6) from (5) we obtain:

(7) e /L(£t)
= sQ,g,sg,ig! /(jigi.igi ~  Cigi,ig£/

2^This statement must be qualified since all the Allen 
partials cannot remain constant. Since we are referring 
to expressions involving (T-Lglt-Lgl and CrLgi|Lg2» we
assume the remaining Allen partials can vary (i.e.,
^Lfl.Lfl and G~Lfl,Lf2^
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an expression for the elasticity of substitution between 

Lgl*Ig2 due a "Perce v̂ed" change in WLgl (note that
WT r, does not enter into this expression since this wage

Jjg<£

is not perceived to change). The above expression will be 
<0 as C~LglfLgl K 0 and 6~LgltLg2 > 0, and will be larger 
the greater the share of task g in output Q and the greater 
the initial share of in task g.

The above model expresses licensure in more specific
terms: that is, in the context of permissible and prohibi-

P 8tive tasks. Furthermore, insight into the "restrictive­
ness" of licensure, as it pertains to the utilization and 
demand for labor, may be gained. As the above elasticities 
indicate, restrictiveness may be determined by the share 
expressions (note that the Allen partials are given by 
technology). Thus licensure will be potentially2^ more 
restrictive on the demand side for any given change in 
perceived wage rates if the share of labor now prohibited
pOIt should be noted that a good deal of the discussion of 
licensure, as it pertains to the utilization of labor, is 
phrased in terms of tasks. This is particularly true in 
the health sector where the legal implications of various 
types of labor engaging in ’physician’ tasks is widely dis­
cussed. The discussion of licensing is often in terms of 
"permissible scope of activities" or "independent" and "de­
pendent" functions. See for example "Legal Regulation of 
Health Personnel in the United States," Appendix VII in 
Report of the National Advisory Commission of Health Man­
power, Vol. II (Washington: U.S.'Government Printing Office, 
19577, pp. 411-415. On p. 411, the Report notes "...the 
most significant contemporary issues regarding licensure 
of allied and auxiliary personnel concern the effect of 
licensure provisions upon the distribution of tasks and 
duties among each professional and occupational category... 
For allied and auxiliary personnel...it is necessary to 
determine those functions which they may not perform under 
ordinary circumstances." (my emphasis).
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from a task was great prior to the license, and if the share 
of the task under consideration constitutes a large part of 
production. Thus, if a production process consisted of 
only one task and utilized one type of labor, imposition of 
a license could effectively end production (at least until 
licenses were acquired).

The above model can be extended to discuss the effects 
of licensure at the industry or labor market level. The 
imposition of a license would lead each firm to utilize 
relatively more "licensed" labor, or Lg2 in our example. In 
the short-run (the period for which our analysis is developed), 
each firm would attempt to respond to the "perceived" costs 
of the license by utilizing more L2 in task g. As a result, 
a reallocation of labor would take place, within and across 
tasks, in each firm. The firm similarly might try to sub­
stitute tasks in production as well. Since in the short-run, 
the ability to substitute tasks in production and labor 
across tasks is limited, demand would be translated to the 
external labor market. Hence, the industry*s demand for L2 
relative to would rise along with relative wages (as­
suming a stable upward sloping supply curve). An equili­
brium would result when the increase in relative wages just 
offset the "perceived" increase in the wage for in task 
g, which results from licensure.

These remarks, then, serve as a general theoretical

29̂Potentially in the sense that employers obey the law.
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basis to describe the effects of occupational licensure. In 
the next chapter we discuss the particular nature of nursing 
licensure. The concepts developed here, in particular the 
notions of "tasks" and "restrictiveness" of licensure,will 
be used to interpret the effects of nursing licensure and 
to explain empirical effects obtained.



Chapter II
Licensure of Health Labor: The Case of Nursing Labor

II.1 Introduction
In recent years, there has been a substantial amount of 

discussion within the health sector regarding the proper 
utilization of allied health labor in the production of 
medical care. Several independent studies, in particular, 
the Report of the National Advisory Commission on Health 
Manpower (19̂ 7* cited in Chapter I), the American Medical 
Association Council on Health Manpower (1970), and the 
writings of several legal experts in the area of Health Law, 
have concluded that an expansion of the role of various cate­
gories of allied health labor is long overdo. At the same 
time, these authors have pointed to the inhibiting effects 
of state licensing in preventing implementation of their sug­
gestions and in the inefficient allocation of health labor. 
Licensure was alleged to stratify groups of health labor into 
rigid occupational settings and to leave sufficient doubt 
in the minds of employers as to the tasks each group could 
legally perform.

The existence of laws, however, need not mean that indi­
viduals have altered their behavior to comply with the ex­
pressed aims of those laws. If the aim of health licensure 
laws was to prevent the utilization of allegedly "unquali­
fied" practitioners, the passage of such laws need not mean 
that such practices- have been or are being effectively dealt 
with. Indeed, in spite of the amount of discussion regarding



25.
the effects of health licensure laws, which emphasize mis-
allocation of health labor and therefore increasing costs
of care, there has not been any attempt to verify such
claims. Rather, spokesmen for and against licensure have
relied upon interviews and anecdotes as evidence.

The aim of this chapter, therefore, is to provide a
framework which may be used to analyze the licensure issue
as it pertains to nursing labor. The first part presents
a description of the nature of health licensure and a brief
attempt to explain the initial reasons for nursing licensure.
Next, a model is developed to provide an empirical test
as to the effectiveness of nursing licensure.
11,2 Licensure of Health Labor

While most attention concerning licensure in the health
field has centered on such practitioners as physicians and
dentists, increasing emphasis is being directed to the role
licensure plays in the activities of such auxiliary health
labor as registered and practical nurses, dental assistants

30and hygienists, physical therapists, and others. We will, 
throughout this essay, use the nursing occupation as our 
frame of reference. Two reasons govern this decision. First, 
data concerning the numbers employed and earnings of nurses 
are more accessible than similar data for other health labor

30J See for example "Legal Regulation of Health Personnel in 
the United States," Appendix VII, Report of the National 
Commission of Health Manpower, op. cit,, or Ruth Roemer, 
"Licensing and Regulation of Medical and Medical-Related 
Practitioners in Health Service Teams," Medical Care,
Vol. IX, 1 (January-February 1971), 42-5*K



groups. Secondly, this data is available for a period 
during which sufficient variation existed in the nature of 
nursing licensure.

While most categories of health labor are licensed 
across states, the nature of the licensure varies. To be 
specific, licensure in the health field is either mandatory 
or permissive. Mandatory licensure permits "only persons 
holding a license...to practice the occupation /”withJ7 
unlicensed persons prohibited from working in the field." 
Permissive licensure specifies "that only persons holding 
a license are authorized to use a particular title or of­
ficial designation? unlicensed persons are not prohibited 
from working in this field but they may not used the pro­
tected t i t l e . T h e  distinction offers what I believe are 
testable implications regarding both demand and supply for 
allied health labor (AHL).

The emergence of licensure in the health field has 
necessitated attempts to clarify the scope of practice for 
each category of allied health labor. However, the pre­
vailing definitions are vague, and "in general...the most 
clouded areas in the legal regulation of health manpower, 
since they have not been adequately resolved by the licen­
sure statutes or related court decisions."-̂ 2 Indeed, as one

31̂ Maryland Y, Pennell and Paula A. Stewart, State Licensing 
of Health Occupations, (Washington D.C.j U.S. Department of 
Health, Education and Welfare, Public Health Service, 1968), 
p.3.
^2,,Legal Regulation of Health Personnel in the United States, 
p. ^13.
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observer has noted, "/I7t is questionable whether /thej/ 
broad and general statutory definitions of allied and auxi­
liary professions and occupations provide usable guides
for the health professions, licensing agencies, legal

33authorities, and the public.Despite these deficiencies, 
state governments, by classifying their laws as mandatory 
or permissive, have behaved as if these "soopes" of prac­
tice are clearly defined. However, as the above state­
ments imply, quite often the boundaries are not clearly 
specified.

The mandatory-permissive distinction does, however, 
suggest certain implications for the utilization of AHL 
which seem to be in accord with interpretations made by 
various writers in the health law field. Mandatory licen­
sure is believed by one writer "as making criminal any
action within the scope of a licensed profession by one

34not licensed in that profession."*^ These mandatory pro­
visions are viewed as having the advantage of "establish- 
/Tng_7 minimum standards of qualifications for all who prac­
tice the profession or occupation.../and_J7 assur</ing_7 uni­
versal application of definitions of practice, thus pro­
viding a uniform basis for resolving problems of scope of

"Legal Regulation of Health Personnel in the United 
States," p. 423. The "prevailing generality" of these laws 
is defended on the grounds that it allows sufficient 
"flexibility" in the interpretation of nursing practice 
acts.
34J Rick Carlson, "Health Manpower Licensing and the Emerging 
Institutional Responsibility for the Quality of Care," Law 
and Contemporary Problems, Vol. XXXV, 2, Pt. 2 (Spring 1970),
WT.
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practice and delegation.Thus, mandatory licensure, 
which requires all individuals in an occupation to be 
licensed, seems to suggest that the ability to utilize 
non-licensed personnel to perform tasks normally assigned 
to licensed individuals could be constrained by the legal 
interpretation and implications of the nature of the li­
cense .

Permissive licensure, on the other hand, implies
greater latitude in the utilization of health manpower
since unlicensed individuals are not barred from working
in various occupational settings. As the American Medical
Association Committee on Nursing notes:

In a permissive act, the titles "registered 
nurse" and "licensed practical nurse" are 
protected. The practice of either level of 
nursing is not prohibited in a permissive 
act, but an unlicensed person is not enti­
tled to represent himself as an "RN" or an 
"LPN". In other words, one may, whether 
licensed or not practice nursing as long as 
the unlicensed individual does not call him­
self an RN or an LPN.36

Thus, this seems to suggest that jurisdictions with per­
missive licensure are able to allow unlicensed individuals 
to work in an occupational setting since the legal con­
straints are less rigid. Therefore, the ability to utilize

■^Roemer, *j41, This indication of mandatory licensure is 
also found in "Legal Regulation..,", p. hlj,
■^AMA Committee on Nursing, "Mandatory vs. Permissive Li­
censure for Nurses", Journal of the American Medical Associ­
ation, February 7, 1966, Vol. 195» 6, 202,
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a practical nurse or nursing aide, to perforin tasks nor­
mally assigned to a more eapensive registered nurse input 
would be enhanced.

The implications of a mandatory licensure law may be 
seen by a brief review of a 1966 negligence suit against a 
physician and his practical nurse« the case of Barber v. 
Reiking.-^ The circumstances resulting in this suit con­
cerned the administration of an injection by a practical 
nurse to a small child. The injection resulted in injury 
to the child when the needle was broken. As a result, both

OO
nurse and physician were named defendants in a suit. Al­
though both were declared innocent in a first trial, a sub-

30sequent appeal was decided in favor of the plaintiff. 7 As 
Hershey notes, the plaintiff based its case upon "specific 
language in the mandatory licensing for professional nurses 
of Washington S t a t e . . I n  legal terms, the nature of the 
mandatory Registered Nurse Licensing Law resulted in a finding

hi
of an "inference of negligence" which although not conclu-

-^Barber v. Reiking, 411 P. 2d 86l (1966), For a summary of 
this case see Nathan Hershey, "A Court's View of Mandatory 
Licensure," American Journal of Nursing, Vol. 66, 11,
November 1966, 2461-2462,
•^It is not clear, from both sources in note 37t whether the 
physician explicitly instructed his practical nurse to per­
form the task, or whether the PN did so or her own volition.
•^The appeals judge ruled that during the initial trial, the 
jury had been improperly instructed by the trial judge. The 
trial judge had failed to instruct the jury, upon request of 
the plaintiff, that violation of the licensing statute con­
stituted an inference of negligence. See Barber v. Reiking,
68 Wn. 2d. (March 1966), pp. 139-145.
^Hershey, 2461.
^Carlson, 852.
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sive, presents a barrier that the defendants must overcome. 
Had the nursing statute been permissive, we should note, the 
above act of the practical nurse (administering the innocu- 
lation) would not have been considered a violation of the 
license law. Translating the above into an economic oontext, 
the use of the practical nurse resulted in increased costs 
for her employer: legal fees, time lost preparing for and
during the trial, adverse publicity, and possible psychic 
costs. Thus, the implications of a mandatory act may well 
give rise to notions by employers of the potential costs from 
employing various types of personnel. But before 1 present 
a more systematic way of viewing the effects of the manda­
tory-permissive licensure distinction, I want to comment 
briefly on the trend in nursing licensure and reasons for 
its implementation.

11,3 Trends in Nursing Licensure and Reasons for Licensure
The first nursing licensure laws were passed by New

hoJersey, New York, North Carolina, and Virginia in 1903.
By 1923, all states had licenses of a permissive nature, 
requiring anyone desiring to use the title "registered 
nurse" to become licensed. The general trend has been for 
states to introduce permissive licensure, followed by 
changes which make the law mandatory. Thus by 1971» ap­
proximately all but two jurisdictions (District of Columbia

hoPennell and Stewart, pp. 72-73.
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and Georgia) had passed mandatory licensure for registered 
nurses. Table II.1 (a and b) describes the years of pas­
sage and change of license for both registered and practical 

^3nurses. J
Much of the writing describing the forces which re­

sulted in the initial passage of nursing licensure, has usu­
ally been left in the hands of the nursing profession. As 
a result, the reasons provided have been sympathetic to 
the aims of the nursing profession and are expressed in terms 
of the general rationales for occupational licensure: con­
cern with providing a standard quality of care and pro­
tecting the public from low-skilled practitioners. There 
has been very little attempt to empirically verify these 
reasons or to determine whether these motives might disguise 
more immediate self-interest of existing nurses.

Lb,Following a framework employed by George Stigler , we 
can attempt to quantify those forces contributing to the

•̂ It should be noted that efforts to change the laws from a 
permissive to a mandatory nature have been generated primari­
ly by state registered nursing associations. A reading of 
the bulletins of these associations just prior to the year 
of change, finds statements urging nurses and legislators 
to actively work for and support mandatory licensure. For 
example, the Indiana State Nurses Association bulletin, The 
Indiana Nurse (September 19^8), pp. 17-18 declares: "If
we are to achieve Mandatory Licensure for registered nurses 
and practical nurses which will safeguard the life and health 
of the citizens of the state, the cooperative effort of all 
nurses will be urgently needed." (emphasis in original)
UU kGeorge Stigler, "The Theory of Economic Regulation," Bell 
Journal of Economics and Management Science, Vol. 2, 1 
(Spring 1971), 3-21.



Table II.1 a
Year of Licensure 
Registered Nurses

State Year First Year Status
Passed Mandatory i960 1970

Alabama 1915 1967 P M
Alaska 1941 1957 M M
Arizona 1921 1953 M M
Arkansas 1913 1947 M M
California 1905 1939 M M
Colorado 1905 1957 M M
Connecticut 1905 1956 M M
Delaware 1909 1963 P M
District of 

Columbia 1907 — — — P P
Florida 1913 1952 M M
Georgia 1907 ---- P P
Hawaii 1917 1959* P M
Idaho 1911 1951 M M
Illinois 1907 1951 M M
Indiana 1905 1971 P P
Iowa 1907 1963 P M
Kansas 1913 1949 M M
Kentucky 191^ 1966 P M
Louisiana 1912 Before 1951 M M
Maine 1915 1959* P M
Maryland 1904 1967 P M
Massachusetts 1910 + P P
Michigan 1909 1967 P M
Minnesota 1907 19 59* P M
Mississippi 1914 1970* P P
Missouri 1909 1953 M M
Montana 1913 1947 M M
Nebraska 1909 1953 M M
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Table II.1 a (continued)

State Year First 
Passed

Year
Mandatory

Status 
I960 197C

Nevada 1923 1953 M M
New Hampshire 1907 1959* P M
New Jersey 1903 1955 M M
New Mexico 1923 1953 M M
New York 1903 19^9 M M
North Carolina 1903 1965 P M
North Dakota 1915 1963 P M
Ohio 1915 1967 P M
Oklahoma 1909 1967 P M
Oregon 1911 1957 P M
Pennsylvania 1909 1951 M M
Rhode Island 1912 1952 M M
South Carolina 1910 1969* P P
South Dakota 1917 1955 M M
Tennessee 1911 1967 P M
Texas 1909 1969* P P
Utah 1917 1963 P M
Vermont 1911 1962 P M
Virginia 1903 1970* P P
Washington 1909 1961 P M
West Virginia 1907 1965 P M
Wisconsin 1911 19 55 M M
Wyoming 1909 1955 M M

Key» No change to Mandatory licensure
States having passed Mandatory laws in 1959 
or i960 are considered Permissive in our ana­
lysis. Similarly, states having passed Man­
datory laws in 1969 or 1970 are treated as 
Permissive states in 1970. This permits for 
adjustment lags and for any disparity between 
passage date and effective date.
The Massachusetts law is reported as Permissive 
in Pennell and Stewart. However, correspon­
dence with the Massachusetts Board of Registra­
tion in Nursing indicates that the law is
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Sourcesi

Table II.1 a (continued)
viewed as Permissive with regard to per­
sonnel in nursing and convalescent homes, 
a large group of consumers or nursing 
services. In addition, statements in the 
Massachusetts Nursing Association Bulletin 
(Winter 1967, Summer1968), view the nursing 
law as Permissive. Therefore, the Massa­
chusetts law is treated as Permissive through­
out, for both registered and practical nurses.

Maryland Y. Pennell and Paula A. Stewart, 
State Licensing of Health Occupations, 
(Washington D.C.j U.S. Department ofHealth 
Education and Welfare, Public Health Service, 
1968), pp. 65, 73j "Legislative Notes", 
American Journal of Nursing, various issues * 
correspondence with various state nursing 
associations.
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Table II.1 b 

Year of Licensure 
Practical Nurses

State Year First 
Passed

Year
Mandatory

Alabama 19^5 1971
Alaska 1953 1957
Arizona 1952 ----
Arkansas 19^7 19^7
California 1951
Colorado 1957 1957
Connecticut 1935 1956
Delaware 1955 1963
District of 
Columbia i960 —

Florida 1913 1952
Georgia 1953
Hawaii 19^7 1959
Idaho 19^7 19^7
Illinois 1951 1965
Indiana 1921 1971
Iowa 19^9 1963
Kansas 19^9 ------

Kentucky 1950 1966
Louisiana 1 9 ^ 8 19^8
Maine 19^5 1967
Maryland 1922 1967 I
Massachusetts 19^1 T

Michigan 1952 ------

Minnesota 19^7
Mississippi 195^ 1970
Missouri 1953 ----
Montana 1953 1967
Nebraska 1955 ------

Status 
1 9 W 1222
p P
M M
P P
M M
P P
M M
M M
P M

P P
M M
P P
P P
M M
P M
P P
P M
P P
P M
M M
P M
P M
P P
P P
P P
P P
P P
P M
P P
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Table II.1 b (continued)

State Year First Year Status
Passed Mandatory i960 197(

Nevada 19^9 19^9 M M
New Hampshire 1951 1967 P M
New Jersey 19^7 1959 M M
New Mexico 1953 1968 P M
New York 1938 19^9 M M
North Carolina 19^7 1965 P M
North Dakota 19^7 ---- P P
Ohio 1956 1971 P P
Oklahoma 1953 1967 P M
Oregon 19^9 1973 P P
Pennsylvania 1919 1966 P M
Rhode Island 19^8 1952 M M
South Carolina 19^7 1969 P P
South Dakota 1955 1967 P M
Tennessee 19^5 1967 P M
Texas 1951 ---- P P
Utah 19^9 1963 P M
Vermont 1951 1962 P M
Virginia 19^6 1970* P M
Washington 19^9 ---- P P
West Virginia 1957 1967 P M
Wisconsin 19^3 ---- P P
Wyoming 1955 1967 P M

Symbols and sources are the same as in Table II.1 a.



introduction of nursing licensure. The ability of an occu­
pational group to obtain a license, Stigler argues, will de­
pend upon the size of the occupation (more votes available), 
its per capita income ("rewards" for successful political 
action), concentration of the occupation in large cities, 
and the presence of cohesive opposition to licensure. The 
latter two points are said to reflect the "costs" of licen­
sure. Costs of solicitation and communication will be 
lower the greater the concentration of a group in a geogra­
phic area. In addition, if the occupation serves the "public 
at large", the costs imposed on any one individual will be 
small. As a result, Stigler asserts, "it will not be eco­
nomic for that consumer or industry to combat the drive for 
licensure." J

Stigler attempted to test these assertions by use of 
regression analysis. For a number of different occupations 
and using states as units of observation, he regressed year 
of license in each state against two measures of concentra­
tion in the median year in which the particular occupation 
was licensed: size of the occupation relative to labor force,
and urbanization. Both variables were expected to have nega­
tive signs, reflecting the greater ease of licensure (i.e., 
earlier year of licensure) in those states in which relative 
size and urbanization were large. For registered nurses, 
Stigler found both variables to be negative, with relative 
size highly significant.

^Stigler, 13-1^.
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Stigler’s regression results for nurses may be ex­

panded by noting some characteristics of nursing at the turn 
of the century. Observers of nursing education have noted 
that hospital affiliated nursing schools provided most of 
the available training programs. The existing group of 
trained (graduate) nurses became increasingly alarmed at 
the quality of training offered in these institutions, their 
proliferation, and their utilization of cheap student labor 
in nursing tasks*

Since the supply of trained nurses was short 
and finances were skimpy, and since hospital 
administrators were often laymen or physicians 
of no great education themselves, the great 
majority of these newly founded hospitals dis­
regarded Nightingale /training_7 precepts....
The increase in the founding of hospital af­
filiated schools for nurses was phenomenal.
But these schools did not give the training 
that...nurses required* rather they were de­
signed to supply the hospitals' needs for 
steady help at a reasonable price. This is 
the most generous construction that can be put 
upon the rise of 'hospital schools’. A less 
generous one, which surely fitted some schools, 
is that through them cheap, exploitable female 
labor was fed into the hospitals.̂"6

As the above statement suggests, quality as well as 
economic considerations may have played an important role 
in attempts to regulate entry into the nursing profession. 
While most writers emphasize the "quality” of training as­
pects, there is some reason to recognize the economic

h6Anselm Strauss, "The Structure and Ideology of American 
Nursing: An Interpretation," The Nursing Profession, Five 
Sociological Essays, ed. Fred Davis (New York* John Wiley 
and Sons, 1966), pp. 67-68, The above impression was ob­
tained from speeches made in 1893 by nurses conferring at 
Chicago's Columbian Exhibition.
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aspects. As the description indicates, the nursing labor 
market in this period was characterized by excess demand.
As a result, employers attempted to create their own sup­
ply sources by developing training programs and utilizing 
inexpensive student labor in nursing tasks. As Stuart 
Altman notes, 73 per cent of such institutions in the late

Zj,71920's employed no graduate nurses. One could hardly ex­
pect an occupation, no matter how concerned with upgrading 
training quality, to view the above practice as conducive 
to the economic well-being of its members.

To account for the above considerations, I have ex­
panded Stigler's regression framework to include the number 
of training schools in the state (NS) and the ratio of en­
rolled to trained nurses in the state (EDT), The former 
variable is used to reflect the "quality" considerations 
that motivated existing members of the nursing profession 
to push for licensure. We might surmise that the growth 
of such facilities "diluted" quality of training by rely­
ing on unqualified nursing instructors or by over-utilizing 
the existing stock of competent instructors and super­
visors. The latter variable, enrolled to trained nurses in 
the state is viewed primarily as a proxy to measure the 
threat of potential substitutes for existing trained nurses.

hn'Stuart Altman, Present and Future Supply of Registered 
Nurses (Washingtons U.S. Department of Health, Education 
and Welfare, National Institute of Health, Division of 
Nursing, 1971), p. 66.
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The larger the ratio, the more potential nurses available 
for existing nursing positions. We expect both variables to 
be negatively related to the year of initial nursing licen­
sure in the state (our dependent variable): the greater the
level of each variable, the more eager existing nurses would 
be to protect the status of their profession (in terms of
quality and employment) and hence, the earlier attempts

48would be made to obtain licensure.
The remaining independent variables in our regressions 

included:
MDY: year of physician licensure in the state. (Source:

Pennell and Stewart, op. cit., p. 111). MDY was 
primarily included as a proxy for legislative atti­
tudes toward granting occupational licensure. States 
which granted licensure for one group of health prac­
titioners at an earlier date may have had an atmos­
phere conducive for other groups (i.e., nurses) to 
obtain protection. If this is the case, we expect 
a Positive relationship (earlier MD licensure in a 
state associated with early professional nursing 
licensure). A negative result could be interpreted

2*0We wish at this point to note our awareness of the dif­
ficulties and limitations of using these variables. Both 
NS and EDT may be measuring the same phenomenon: either
quality or potential substitution. By including both, how­
ever, we may be able to paftially separate these effects.
For example, as we hold the ratio of enrolled to trained 
nurses constant, and allow nursing schools to vary, we com­
pare states with more programs but perhaps fewer students 
per program. However, this does not necessarily imply im­
proved quality since the existing stock of qualified teachers 
must still be "spread" out. Alternatively, holding the num­
ber of nursing schools constant, and varying the enrolled 
to trained nurse ratio involves comparisons of states with 
larger numbers of students per program. However, this may 
not imply quality deterioration since there may be some 
economies of scale (up to a point) in training and limited 
qualified instructional personnel can now reach more stu­
dents. We should also note that the simple correlation be­
tween EDT and NS is not overbearing, approximately .37.
Thus, for want of better measures and recognizing these 
limitations, we utilize this approach.
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as reflecting physician control over the ability of 
allied health occupations to obtain licensure, since 
if nurses were to acquire licenses, physicians could 
stand to lose a low cost source of labor,

PY: median personal income in the state, (Sources Richard
Easterlin, "State Income Estimates", Population Re­
distribution and Economic Growth. United States. 
1870-1950, Simon S. Kuznets and Dorothy S. Thomas, 
eds., Vol. I, (Philadelphia: American Philosophical 
Society, 1957). PY is used as a standardizing vari­
able, reflecting influences such as urbanization, 
education and health of population,

TLFTs ratio of trained nurses to labor force in thousands. 
(Source: U.S. Census). TLFT reflects influences
suggested by Stigler: greater voting ability by
members of the occupation, lower costs of obtaining 
a license. We expect a negative sign: greater TLFT,
earlier year of license.

All independent variables were defined for 1900, a year prior 
to any state nursing licensure law.

Table 11,2 presents the year of nursing licensure re­
gressions. In our initial specifications, equations (1) 
through (3), both NS and EDT have the expected negative 
signs. This provides support for our assertion that "quality" 
and substitution considerations may well have been a factor 
in speeding the introduction of nursing licensure in some 
states. In equation (3), in which both variables are in­
cluded, NS appears to be the more significant variable.
Both the marginal contributions of NS and EDT are reduced 
in equation (3), below their individual contributions in 
equations (1) and (2), suggesting that neither interpre­
tation should be considered exclusive. There does seem to
be greater support for NS, however, based on both its sig-

2 —2nificance, and the improvement in the adjusted R (R ) when 
it is included. It should be noted that MDY has the positive
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Table II.2

Year of Professional Nursing Licensure Regressions

(1) (2) (3) (4) (5)
RNY RNY RNY RNY RNY

Independent
Variables
MDY .02

(.51)
.03
(.74)

.023
(.69)

.03
(.91)

.03
(.94)

PY .005(.60)
.002
(.25)

.01
(.74)

.02 * 
(1.80)

.02 * 
(1.80)

NS 7*11 .*•»■»• 
£2.57)

7*09 ## £-2.02)
-.02
(-.44)

EDT —2.06 
(-2,06)

-1.40 , 
(-1.36) -1.73 * 

(-1.83)
-1.87 . 
(-2.11)

TLFT -10.97 *** 
(-3.01)

-11.76 . 
(-3.74)

CONSTANT 1878 1863 1867 1859 1858
R2 .08 .03 .09 .24 .25

t-ratios in parentheses
+ significant at .10 level
* significant at .05 level
** significant at .025 level
*** significant at .01 level
All for one-tail test
Number of observations: 48 states.
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sign although its significance is low throughout.

Equation (4) adds TLFT to the regression. This vari­
able has the expected negative sign, reflecting reduced 
costs of obtaining licensure as TLFT grows larger as well 
as greater potential votes to support legislation. The 
inclusion of this variable greatly improves the explanatory

Opower of the model (R now .24) but at the same time re­
duces the significance and contribution of NS, This latter 
effect may be due to coUinearity between NS and TLFT since 
their simple correlation is .55. This may also suggest that 
the numerical level of nursing schools is not the appropriate 
form for a "quality" measure. Perhaps an alternative form 
such as the rate of growth in these schools would be a bet­
ter specification. Finally, when NS is deleted (equation 5)» 
both EDT and TLFT increase in significance. These variables 
may be partially capturing the "quality" considerations at­
tributed to NS, along with their original interpretations.

The above results are not meant to be exhaustive, but 
rather suggestive. From the analysis, it appears that quality, 
substitution, and cost considerations (of obtaining licen­
sure) may all be important factors in leading to the intro­
duction of nursing licensure. While the results point to 
the difficulty of isolating these individual effects, they 
indicate that further research and more precise variables 
are required before stronger statements may be made. We 
therefore present these results as an extension of Stigler's 
work and for the support of the historical data that they 
offer.



11,3 The Effects of Nursing Licensure on the Demand for
Nursing Labor
As I have alluded to above, the mandatory-permissive 

distinction found in health licensure laws suggests that 
utilization of various types of personnel may result in 
additional costs imposed upon employers. Since licensure 
imposes a rigid occupational setting, it interferes with 
attempts by employers to operate efficiently by equating 
marginal rates of substitution with relative wages of vari­
ous types of labor. That is, if employers desire to econo­
mize by using an unlicensed lower priced input (whom employers 
believe could successfully perform a particular tasks fal­
ling within the scope of licensed labor) in place of licensed 
labor, the nature of a mandatory act would impose potential 
costs for this action and distort the decision made on the 
basis of relative market wages. The relevant costs might 
include penalties faced by employers for violations of the 
law (fines, adverse publicity, time spent in litigation) 
as well as additions they must make to the v/age of unlicensed 
labor which are required to induce the latter to engage in 
this activity (since these workers will also be feubject 
to possible penalties). As a result, the "perceived” rela­
tive wage rate (in contrast to the market relative wage) 
would be viewed as having increased, discouraging the utili­
zation of relatively more unlicensed labor deemed capable of 
performing the task in question,^
^Section III,4 in Chapter III more fully develops the rela­
tionship between "perceived" and market relative wages as well 
as the underlying behavior of employers.

A
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Thus, the imposition and nature of mandatory licensure 

may prevent employers from utilizing classes of labor in ac­
cord with what relative market wages and marginal productivi­
ties might dictate. In particular, as Figure II.1 indicates, 
a factor ratio such as B may be utilized when one such as A 
(at a lower cost) might be feasible had the effects of licen­
sure been absent.

Figure II.1 
Effects of Licensure on Factor Ratios

LICENSED
^ lic en sed  /PERCEIVED

l a b o r

The above analysis can be applied specifically to 
nursing, and the effects of mandatory licensure on relative 
numbers of registered nurses to practical nurses, (RN/PN), 
and relative wages, (WRN/WpN)j may be predicted. That
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employers may react in a manner described above has been 
noted by several writers who observe that "objections to 
making a licensure law mandatory come from those who find 
it cheaper and less restrictive to use unlicensed person­
nel..,^? Thus, in jurisdictions in which licensing is man­
datory for registered nurses, utilization of practical 
nurses to perform RN tasks may be associated with possible 
added costs facing employers. In permissive jurisdictions, 
in which these costs are not relevant (since only the title 
and not the scope of activity is protected), presumably pro­
ducers could adjust their RN/PN ratios to one dictated by 
market wages and marginal productivities. Therefore, we 
might expect firms to alter their RN/PN ratios as we move 
from permissive to mandatory jurisdictions. In the labor 
market for all firms, moving from permissive to mandatory 
jurisdictions, we might expect to view both higher relative 
wages (WRN/WpN) and numbers employed (RN/PN), assuming a 
stable supply schedule of RN/PN. Thus, in Figure II.2, de­
mand schedule DD and supply schedule SS are specified for a 
labor market in which each hiring unit is assumed to face 
permissive licensure. Imposition of a mandatory licensure,

-^Lucie Young Kelly, "Nursing Practice Acts", American Jour­
nal of Nursing, Vol. 74, 7 (July 1974), 1314. See also AMA 
Committee on Nursing, "Mandatory vs. Permissive Licensure 
for Nurses", op. cit,, 203. The committee notes that "some 
hospital administrators object on the basis that mandatory 
licensure will regulate their...employment practices," Con­
versations with members of the nursing profession indicated 
that under permissive acts, employers would try to economize 
by utilizing relatively more PNs.
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Figure 11,2

Effects of Mandatory Licensure 
On Relative Nursing Demand

by raising the "perceived" costs of using PNs relative to 
RNs, shifts the demand schedule to D'D', resulting in in­
creased relative wages and numbers (equilibrium position A 
to B),5* Note that these results hold if the relative sup­
ply schedule is stable. As the next section argues, how­
ever, there are strong reasons to expect that the imposition 
of a mandatory license will effect the relative supply sched­
ule as well as relative demand.

^Supply schedule SS describes the distribution of the given 
stock of nurses between registered and practical nursing. 
That is, it relates the occupational choice to relative 
wages. At any equilibrium point, we assume that the given 
nursing stock has been distributed between registered and 
practical nursing so that when the relative numbers supplied 
and demanded are equal, so are the actual numbers supplied 
and demanded in each category.
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II. The Effects of Mandatory Licensure on the Relative

Supply of Nursing Labor
Up to this point, we have restricted our discussion 

of the effects of mandatory licensure to the demand side. 
However, the mandatory-permissive licensure distinction 
can he seen to affect the RN-PN occupational decision by 
the way it influences the supply of labor to various nurs­
ing tasks. The general effects of health licensing on 
career mobility have been described in the following manner:

Licensure laws have boxed in the very groups 
supporting them. Employees seeking advance­
ment soon are stymied by education and examina­
tion requirements— even though those require­
ments may include courses and clinical experi­
ence they already have completed. The licensed 
practical nurse is a prime example. Despite 
her years of formal training and her hospital 
work, she usually cannot receive placement into 
an education program for registered nurses.

It should be noted that although a permissive licensing 
law has the above effect concerning the full promotion of an 
unlicensed employee to another occupational category, it 
does not prevent employees from performing tasks of another 
occupational group. Thus, pay-offs to on-the-job training 
and experience exist for unlicensed personnel, since they 
may be utilized in areas of greater responsibility as long 
as they do not assume the occupational title.

J E. Martin Egelston and Thomas Kinser, "Licensure of Hospi­
tal Personnel", Hospitals, Journal of the American Hospital 
Association, Vol. bk (November l6, 1970), 37.
53a return (in the form of higher earnings) from on-the-job 
training will exist for both unlicensed personnel and firm 
in a permissive setting, since the training is not completely 
general in the following sense. An unlicensed individual 
could not perform such tasks in a mandatory setting, and 
since there is always the threat of licensure changing from 
permissive to mandatory, unlicensed personnel will have lit­
tle incentive to finance the full training.



Under mandatory licensure, however, the performance of 
such tasks by unlicensed personnel is prohibited by the na­
ture of the licensing law. Thus, ability to gain higher 
earnings, through use in more responsible tasks, is limited, 
as are the returns to on-the-job training and experience.
If potential nursing entrants in a mandatory registered nurse 
regime are aware of this implication of the license, there 
may be greater incentives to enter a registered nursing pro­
gram. The mandatory nature of the license reduces the ability

Figure 11,3
Effect of Mandatory RN Licensure 
On Relative Wages and Numbers

to obtain increments to earnings by entering the occupation 
through (less costly) PN training and progressing via on- 
the-job training and experience. In the context of our sup- 
ply-demand framework, then, we might expect the imposition 
of a mandatory license to shift relative supply schedule to 
the right, reflecting the limitations of PN training. As a
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result, taking both supply and demand considerations into ac­
count, we would observe an increase in relative numbers em­
ployed, with the effect of the mandatory RN license on rela­
tive wages (RN to PN) depending upon the magnitude of the 
supply-demand shifts (this is displayed in Figure II.3).

II.5 The Effect of Mandatory Practical Nurse Licensure
The discussion thus far has not considered the potential 

effects of mandatory PN licensure. As has been noted in Table
II.1 b, there is also variation in the nature of practical 
nurse licensure. Hence, any analysis regarding the effect 
of mandatory RN licensure on relative wages and numbers (RN 
to PN) must consider the effect of mandatory PN licensure.
The latter will influence the determination of relative wages 
and numbers through its effect on the decision to employ 
PNs vis-avis nursing aides, and on the decision to supply 
labor as a PN or nursing aide. These effects may be seen 
through the following example.

Consider the imposition of a mandatory RN license in 
a jurisdiction heretofore permissive. Assuming the relative 
supply schedule to remain stable, our above analysis suggests 
that RN/PN wages and numbers employed will increase. How­
ever, if at the same •fcirae practical nurse licensure has also 
changed from permissive to mandatory, there will be an in­
crease in demand for PNs relative to other types of nursing 
labor, such as nursing aides. Thus, practical nurse wages 
and numbers employed may increase, due to the mandatory PN



license. As a result, the effect upon RN/PN relative wages 
and numbers would be understated, since they would partially 
reflect the effects of mandatory PN licensure. The desired 
measure of the effect of mandatory RN licensure would be dis­
torted.-^*' Therefore, in order to measure the effect of manda­
tory RN licensure on RN/PN wages and numbers, we must devise 
an empirical strategy which will eliminate the varying nature 
of practical nurse licensure. It is to the development of 
that strategy that we now turn.

Ch,
J The effects of mandatory PN licensure on the relative sup­
ply of RNs to PNs will be discussed in detail in Chapter III.



Chapter III
An Empirical Test of the Effects of Nursing Licensure

It is not now possible to determine the extent 
to which the economic status of the registered 
nurse is affected by the employment of practi­
tioners of lesser skills as interchangeable sub­
stitutes for qualified nurses. However, it is 
reasonable to suppose that adherence to profes­
sional and legal controls on practice would ele­
vate the status of nursing and provide a firm 
base from which the profession could deal with 
its serious economic problems.
Committee on the Resolution of Nursing Practice 
Report, American Nurses Association, May i960,

III.l Empirical Strategy
In order to discern whether the varying nature of nursing 

licensure has had any effect on the utilization of nursing 
labor, in the manner described in Chapter II, we develop and 
test a simultaneous equation model in which relative numbers 
(registered to practical nurses) and relative wages (regis­
tered to practical nurses) are treated as endogenous variables. 
The level of these variables is viewed as being determined 
simultaneously, as is the case in any market, through the 
interaction of supply and demand. Nursing licensure is 
viewed in this model as leading to potential changes in rela­
tive wages and numbers through shifts in demand and/or sup­
ply.

The model consists of the following two structural 
equations:
(111.1) RELW* = aQ + a^RELR* + agLRN + a^PN +

(111.2) RELR* = bQ + ^RELW* + bgLRN + b^LPN +



53
Equation III.l is a relative demand equation (RNs to PNs) 
expressed inversely^ with relative wages (RELW) treated as 
a dependent variable. A primary rationale for this "inverse" 
treatment (to be developed below) is that estimation of 
this equation allows us to examine the "direct" effects of 
licensure on relative wages, independently of supply effects 
that the licensure may lead to. This direct effect can be 
used to approximate the "perceived" costs employers believe 
are associated with violation of the license. The remaining 
variables in equation III.l include relative numbers (RELR), 
licensure variables (LRN and LPN), and other exogenous vari­
ables (variables with an asterisk are endogenous). Struc­
tural equation III.2 represents a relative supply equation 
in which the effects of the nature of nursing licensure on 
the supply of registered to practical nurses is tested. As 
in the demand equation, this equation will present estimates 
of the "direct" effect of licensure on relative numbers. A 
more complete description and interpretation of the struc­
tural equations and their reduced form counterparts will be

-’-’The inverse form of the demand function can be directly 
derived from a CES form of the production function. See 
note 6*2- and Appendix III. This "inverse" specification 
(wages as the dependent variable) also appears in a num­
ber of works. See for example Lee Benham, "The Labor 
Market for Registered Nursesi A Three Equation Model", 
Review of Economics and Statistics, LIII, 3 (August 1971)» 
William M. Landes, "The Economics of Fair Employment Laws", 
Journal of Political Economy, Vol. ?6 (July/August 1968)» 
and Sherwin Rosen, "On the Interindustry Wage and Hours 
Structure", Journal of Political Economy. Vol. 77, 2 
(March/April 1969).



presented after a brief discussion of the data comprising 
the variables included in our equation system.
III.2 The Data

Part of the difficulty involved in testing the effect 
of various legal sanctions is finding a period for which 
both data and sufficient variation in the laws exists. For­
tunately, for nursing licensure, i960 provides such a period. 
Data on wages and numbers is available and there is suf­
ficient variation in the distribution of mandatory and per- 
missive licensing provisions.

Since the power to license nursing personnel is vested 
with state governments, the state is used as our basic unit 
of observation. Thus, the wages and numbers'^ data used 
were taken from the i960 Census. The wage data, more spe­
cifically, was taken from a 1/100 sample tape of annual 
earnings from the i960 Census**® and was transformed into 
hourly wages^ (RELW* in the above equations).
-*®As Tables 11,1 a and b indicate, by 1970 most RN licensure
was mandatory while there was some variation in PN licensure.
The necessity to group jurisdictions, described below, elimina
tes variation in RN licensure for 1970.
e.n-"Although manhours might be a more appropriate variable to 
measure numbers in our demand equation, it would needlessly 
complicate the equation system. An equation system using 
relative manhours as a measure of RN and PN labor was tested, 
but did not improve our empirical results.
-*®I am indebted to Professor V. Fuchs for making the data 
available.
-^Hourly wages were obtained for each group of nurses in each 
state by dividing annual earnings by annual hours of work 
(weeks worked times hours per week).
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Since variations in observed relative wages may reflect dif­
ferences in relative nursing quality (RN to PN) across juris­
dictions, we indlude the ratio of "expected" nursing wages

60 * in the jurisdiction, as an exogenous variable. Thus RELW
represents the ratio of hourly observed wages (unadjusted
for labor quality) and the expected wage ratio falls within
the set of exogenous variables included in equation III.l.

The use of the expected wage ratio variable has both an 
empirical and theoretical basis. Empirically, we avoid biases 
in estimates of the effect of licensure on relative demand 
(wages) which may be associated with relative qualify dif­
ferences. Thus, if quality may be approximated by education, 
race, age and sex differences, and if the ability to secure 
mandatory licensure is related to these measures (i.e., more 
highly educated RNs across jurisdictions are better able to 
articulate the need for such licensure), we may overstate

The "expected" wage rate for each nursing group is obtained 
following a technique developed by Fuchs. This variable is 
defined as "expected" earnings divided by annual hours of 
work (for each nursing group in the state). Expected earn­
ings are obtained by multiplying the national wage rate for 
each worker of a particular age, sex, race and schooling cell 
by hours of work of a particular nurse in the state with 
those characteristics, and summing over all workers in the 
nursing group. The "expected" wage for the nursing group 
in the state is then obtained by dividing the expected earn­
ings by the annual hours of work of the nursing group in the 
state. The ratio of these expected wages serves as an in­
dex of RN to PN quality across jurisdictions. For a complete 
description, see Fictor Fuchs, Differentials in Hourly Earn­
ings by Region and City Size,.Occasional Paper 101, (New 
York: National Bureau of Economic Research, 1967), pp. ^-5.
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the effect of licensure on market relative wages. Further­
more, since the number of observations we deal with is small 
(31)f^ the use of this relative quality variable enables us 
to preserve degrees of freedom. Finally, the specifications 
of our inverse demand function, with observed relative wages 
as our dependent variable (and endogenous variable in III.2) 
and relative expected wages as an exogenous variable, has 
a theoretical basis. It is consistent with a cost minimizing 
process in which the production function is of the CES vari­
ety and relies upon inputs measured in efficiency units as 

62its arguments. As we show below, this is strictly the case
 ---------------------------------
The 31 observations used were reduced from the original $0 

states because of small samples of registered and practical 
nurses (less than 10) in the earnings data in some of the 
states. Where possible, these states were grouped with larger 
neighboring states having the same type of RN-PN licensure.
If this was not possible, the states were omitted. The 
grouped states consisted of Arkansas-Louisiana, Delaware-Dis- 
trict of Columbia-Maryland, Maine-New Hampshire-Vermont, 
Alabama-Mississippi, Minnesota-North Dakota-Iwwa, Rhode 
Island-Connecticut, North Carolina-South Carolina, Nebraska- 
South Dakota, Virginia-West Virginia, Arizona-New Mexico.
Those states omitted were Alaska, Hawaii, Nevada, Idaho, 
Montana, Wyoming and Utah.
gpAllow the production functionfor hospital output or nurs­
ing services to take the following CES form:

(1) x = +<*z "5_7
where H1 is registered nurse input in efficiency units, Hp 
is the practical nurse input in efficiency units, Z repre­
sents other inputs, and is the constant elasticity of 
substitution between any two inputs. Let:

(2) Ht = a1N1 (4) Wj = a1W1
(3) H2 = a2N2 (5) W2 = a2W2

where N1 and N2 are numbers of registered and practical 
nurses, â  and ag are indexes of quality or efficiency
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inputs, is greater than 1.

Our other endogenous variable in these equations,
RELR, relative numbers employed (RNs to PNs) in each state, 
was obtained from data in state census books.

The exogenous variables included for testing in rela- 
tive demand and supply equations consisted of the followings

(continued) per registered and practical nurse, VL and Wg 
are the actual wages of registered and practical nurses, 
and “wl and are the quality-adjusted wages for registered 
and practical nurses. Note that a./a, may be viewed as the 
"expected" wage ratio and W^/Wg as the actual wage ratio. 
Assuming the price of Z to be one dollar, we can express 
total cost as

(6) C = Z + WjH + fr2H2.

By minimizing (6) subject to the production function in (1), 
we are able to obtain the inverse demand curve for H. rela­
tive to Hg. Substituting definitions in (2) through (5) 
results in the inverse demand schedule which is the basis 
of our empirical testing.
(7) In (V^/Wg) = In (°\/*,) - ̂ l n  (^/Ng) + (1 - ̂ Oln^/ag).

Note that if G”>1 actual wages will be positively related 
to expected wages. We may empirically test for this effect. 
See Appendix III for a proof of these results.

-̂ The inclusion of several of the following exogenous vari­
ables in our relative demand equation may be derived by 
examining the term In (<yi>/0S) in equation (7) of note 62. 
This term measures the portion of relative demand (RELW) 
independent of our slope variable, expected wage ratio, 
and licensure variables. Ln ( K A O  itself may therefore 
be dependent upon variables sucn as the physician, popu­
lation ratio, average length of stay, etc. Thus, these 
variables may be included in its place. The remaining exo­
genous variables, as argued above, are inserted to avoid 
biasing our licensure variables.
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Demand Equation:
LRN: a dummy variable taking a value of 1 if a state has

mandatory RN licensure; 0 if the licensure is per­
missive .

LPNs a dummy variable taking a value of 1 if a state has
mandatory PN licensure; 0 if the licensure is per­
missive .
Source for both: Pennell and Stewart, State Licensing
of Health Occupations, pp. 65» 73l American Journal 
of Nursing, "Legislative Notes", various issues; 
correspondence with various state nursing associations.

An interpretation of these dummy variables'will be presented
below,
PPR: ratio of employed physicians in the state per 1000

state population. (Source: i960 Census, for physi­
cians; 1970 Statistical Abstract, for population.)

PPR is used to control for possible greater demand for RNs 
in locations in which physicians may be scarce. If this po­
tential substitution exists, we would expect the coefficient 
of PPR to have a negative sign (as physicians become scarce, 
greater utilization of registered nurses is made, and with 
relative numbers constant, relative wages increase). A 
positive sign could reflect the possibility of complementar­
ity between RNs and physicians.
AVLOS: average length of stay in short-term and other special 

hospitals in the state, i960, (Source: Hospitals,
Journal of the American Hospital Association (August 
1961).)

AVLOS is used as a proxy for variations in case-mix across 
states. Longer lengths of stay may reflect a more serious 
mix of illnesses in the state, and hence, a greater demand 
for more highly trained nursing personnel (with PPR held 
constant). Using this interpretation, we expect a positive
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relationship.

It should be noted that there are obvious problems in­
volved with the above interpretations of AVLOS. AVLOS may 
reflect variations in individual physician philosophy re­
garding the length of hospitalization for various illnesses 
and will certainly reflect bed availability in the state. 
While there is little we can do to control for the former, 
we can control for the latter by including, in various re­
gressions, the following variables:
BC: short-term hospital beds per thousand population in the

state.
OCR: occupancy-rate in short-term general hospitals.

(Source for both: Hospitals, op. cit.)
By holding these variables constant, we can eliminate that
part of physician decisions regarding length of stay which
depend upon bed availability, and hopefully obtain results
which more accurately reflect variations in case-mix.

The remaining variables used included the following:
GB: government hospital beds (all types of government) as

a per cent of all beds in the state in I960, (Source: 
Hospitals, op. cit.)

This variable is included to reflect the influence of govern­
ment in the utilization of nursing labor. Government staf­
fing requirements may be more rigid than those in non-govern­
mental institutions, with less latitude for RN-PN substi­
tution. In addition, government employers may have little 
incentive to minimize or economize on labor costs. As a 
result, we might expect relatively more RN to PN utiliza­
tion as the influenae of government employment expands across
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states.^ Thus we might expect a positive relationship in 
our RELW (demand) equation between GB and RELW. However, 
there may be some reason to expect a negative relation if 
government employment narrows wage differentials within an 
occupation for different skill groups. As a result, we of­
fer no a priori predictions as to the resultant sign of GB.
AVBSs average bed-size of short-term general hospitals in 

the state. (Sourcet Hospitals, op. cit.)
AVBS is included to obtain an idea as to whether the physi­
cal scale of hospitals influences the ability to "police" 
possible violations of the license. That is, the larger the 
physical scale of the hopsital, the more difficult (i.e., 
costly) it becomes to ascertain possible licensure viola­
tions. Hence, the expected costs of violation decline (as 
the probability of detection diminishes with increased hos­
pital size). As a result, we would expect relative demand 
to decline as hospital size rises, and therefore a negative 
relationship between RELW and AVBS. By holding the size of 
hospitals constant, then, we may be able to obtain a clearer 
idea of the effect of the license, one not distorted by the 
difficulty inherent in monitoring the activity of labor in 
large scale enterprises.^

The notion that government-administered hospitals may be 
constrained by "more rigid staffing requirements" is provided 
by Eherenberg as a reason for the insignificant relationship 
between the ratio of RNs to PNs employed in government hos­
pitals and their relative wages. See Ronald G. Eherenberg, 
"Organizational Control and the Economic Efficiency of Hos­
pitals: The Production of Nursing Services", Journal of Human 
Resources. IX, 1 (197*0» 25.
^Ibid., 30. Eherenberg suggests this interpretation of 
size on the ability to police.
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The above variables comprise the final set included in 

various specifications of our "demand" equation. Although 
other variables were included in the testing, they were 
omitted in the final version either because of their low 
significance or because the above variables were better 
representatives of the effects we attempted to measure.
Supply Equation:

LRN and LPN^ are also included in the supply equation 
and once again, their interpretation will be discussed be­
low. Other variables include:
TP: ratio of RN to PN training programs in the state, i960.

(Source: Facts About Nursing, American Nursing Associ­
ation, 1961)

We include TP for two reasons. First, since employment oppor­
tunities presumably come easier (i.e., lower information 
costs) in states in which the nursing degree was taken, the 
relative supply (RN/PN) should be positively related to 
training facilities. Secondly, TP may be viewed as a policy 
variable through which states may alter their nursing labor 
mix and its skill level (once again, a positive relationship
expected). ' To account for these possibilities, we there- 
---------------------------------
We should note at this point that LRN and LPN could be con­

sidered endogenous variables in the context of a larger model 
in which an explanation of the "demand" and "supply" for each 
type of licensure was included. However, such a framework 
would in general be difficult to implement and is beyond the 
scope of this essay.
^The inclusion of TP for possible "policy" reasons follows
work by Benham, op. cit, Benham, in estimating a stock of registered nurses equation, includes lagged graduates as his 
policy variable, using increases in this variable to reflect 
the potential effect of new training facilities. We also
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fore include the variable.
BDRN: per cent of registered nurses on the registered nurse

licensing board in the state. (Sources Pennell and 
Stewart, State Licensing of Health Occupations, 19^7# 
It should be noted that for some states, the data does 
not correspond to the i960 board membership but for 
membership before 1966).

A priori, the relationship of BDRN to RELR is not clear. It
is tempting to suggest a negative relationship, since the
greater the degree to which RNs exert control over their
licensing board, the greater the ease with which they can
control the entry of new RNs. However, since RNS and PNs
do compete to some degree for nursing positions and for

68leadership in the nursing profession, RNs may use their

^(continued) tested a lagged training program ratio and 
RN/PN graduate ratio (5 year lag). In each case, these 
variables did not perform well. One problem with using TP 
is that it may represent an alternative measure of nursing 
supply in the state, and thus be correlated with our re­
maining independent variables.
68"The practical nursing occupation is to a great extent 
controlled by registered nurses." Benjamin Shimberg,
Barbara S, Esser, Daniel H. Kruger, Occupational Licensing? 
Practices and Policies (Washington D.C.: Public Affairs 
Press, 1972), p. 19. The authors noted that the nursing 
board officials and PN training program administrators in 
their interviews were primarily RNs. They drew the fol­
lowing impression from an interview with a PN member of a 
state nursing (PN) board and a PN officer of a state PN 
association: "The picture that emerged from these discus­
sions was that PNs perceived the RNs as dominating their 
profession. The PN who was a state nursing board member 
said that the RNs on the board usually caucused prior to 
each meeting and decided in advance what action they would 
take on each issue, including matters that involved practi­
cal nurses. If this report is accurate, the antagonism be­
tween the groups is understandable." pp. 21-22,



role on RN licensing boards to encourage the growth of their 
profession. Hence, the sign of this variable is not entirely 
obvious.
BDPN: per cent of PNs on the PN licensing board in the

state. (Sources same as BDRN).
Since in some states, PNs have their own licensing board, 
of have a different composition of membership, we include 
this variable. Its interpretation, as with BDRN, is not a 
priori obvious. If practical nurses desire to improve their 
positions at the expense of potential PN entrants, then we 
would expect a positive relationship between BDPN and RELR.
If however, practical nurses desire to expand their influence 
in nursing policy in the state, then increasing their mem­
bership represents one way of doing so. Hence the possibil­
ity of a negative relationship between BDPN and RELR is 
likewise possible.
FY: median family income in the state, i960. (Source:

Statistical Abstract, 1970).
FY enters the supply equation as a variable reflecting the 
ability or ease of financing nursing education. Since regis­
tered nursing generally requires several more years of edu­
cation than practical nursing, the relative supply of RNs 
to PNs may be influenced by the ability to finance the ad­
ditional years of schooling necessary. A more complete indi­
cation of the importance of family income as a financing de­
vice could be obtained if data on the family income and 
family size of student RNs and PNs were available. However, 
this alternative was not possible.



There may be some argument for including FY among our 
demand variables, since FY may be a reflection of the over­
all demand for medical care from which the demand for RNs 
and PNs is derived. However, one could expect PPR to re­
flect some of the influence of FY on the demand for medical 
care, due to the strong correlation between PPR and FY. 
Furthermore, a variable such as AVLOS probably reflects a 
more direct measure of medical care utilization and hence 
the demand for RNs relative to PNs.

Given this discussion of the nature of the data and 
variables used to estimate our model, we now proceed to dis­
cuss the interpretation of the license dummy variables.

6qIII.3 An Interpretation of the Licensure Dummy Variables 7
When two or more sets of dummy variables are included in 

a regression equation, care must be exercised in their inter­
pretation. LRN and LPN both enter demand and supply equa­
tions, taking values of 1 if the particular nursing licen­
sure is mandatory, 0 if it is permissive. As is indicated 
in Table 111,1, there are three combinations of licensure 
that existed in i960 in various jurisdictions: mandatory
licensure for both RNs and PNs (LRN = 1, LPN = 1); mandatory 
licensure for RNs, permissive licensure for PNs (LRN = 1,
LPN = 0)j and permissive licensure for both RNs and PNs 
(LRN = 0, LPN = 0). There were no states or jurisdictions

^ 1  wish to thank Professor M. Grossman for assistance in 
this interpretation. See also J. Johnston, Econometric 
Methods, 2nd edition, (New York: McGraw-Hill, 1972), pp. 180-81,



for which RN licensure was permissive and PN licensure was 
mandatory. We will refer to the first group of states as 
MM states, the second group as MP states, and the third 
group as PP states. Hence the correct interpretation of the 
effect of licensure on RELW or RELR consists of the differen­
tial effects of comparisons between MM states, MP states, 
and PP states. The comparison between MP and PP states most 
closely resembles the simulation of the imposition of a man­
datory license on registered nurses, and for our purposes is 
perhaps the most interesting.

PN

Table III.l 
Licensure Combinations By Ungrouped 

and Grouped States, i960
Ungrouped States RN

\ M P

M 11 0

P 13 27

Grouped States RN

PN

M P

M 6 0

P 9 16

Ungrouped states 
sum to 51 since 
the District of 
Columbia is in­
cluded.
The above comparisons may be seen by writing out our 

regression model where x^ stands for all other exogenous
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variables. For RELW we obtains

(III.l') RELW* = a0 + a1RELR* + agLRN + a^LPN +

If our observation is a PP state, equation (III.l') is re­
duced to:

(III.2') RELW* = a0 + a^RELR* +

If our observation is an MP state, equation (III.l') becomes: 
(III. 3') RELW* = aQ + a^RELR* + ag +

Similarly, if our observation is an MM state, equation (111,1') 
becomes:

(III.4') RELW* = aQ + a^RELR* + a2 + + ( a ^ .

The differential effect on RELW, for each type of licensure,
70can be obtained by subtracting the relevant equations.

Therefore:
Table III.2 

Interpretation of Licensure Coefficients 
Effect on RELW Equations Appropriate Coefficient
MM vs. PP (111.4*) - (III.2') a2 + a3

MP vs, PP (III.3') - (III.2') a2

MM vs. MP (III.4') - (III.3') a^

Thus, the effect on RELW of movements from PP to MP states, 
or the imposition of mandatory RN licensure (holding per­
missive PN licensure constant), is given by the regression

 ̂Note that the exogenous variables and right-hand endo­
genous variables do not enter into the derived expressions 
since these variables are in effect being held constant.
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6?
coefficient a2. We expect a2 }0 based on the argument made 
in Chapter II. Movements from MP to MM states, which simu­
lates the change to mandatory licensure for practical nurses 
(holding the nature of RN licensure constant), is given by 
a-j. a^ is expected to have a negative sign since imposi­
tion of PN licensure would increase the demand for PNs rela­
tive to such nursing personnel as aides. With RN licensure 
constant, this would be translated into a decline in rela­
tive demand or in RELW. Finally, the effect of altering 
both RN and PN licensure from permissive to mandatory will 
depend upon the relative impact of mandatory licensure on 
the use of each type of nurse. Since a2 and a^ are expected 
to have opposing signs (a2 positive, a^ negative), a pre­
diction is not possible.

With regard to the supply side, the imposition of man­
datory RN licensure (with permissive licensure fer PNs 
held constant) can be shown to be given by b2 in a regres­
sion such as III,2 above, b2, as the above discussion sug­
gests, will show the differential effect of movements from 
PP to MP jurisdictions and has two possible interpretations. 
As we have noted in Chapter II, the licensure may inhibit 
the process of achieving greater earnings on-the-job, since 
the possibility of working in areas of greater responsibility 
may be limited,^ Hence, benefits from on-the-job training

"^Referring to the "vertical (career) mobility" of healthy 
manpower, Laurence R, Tancredi and John Woods in "The Social 
Control of Medical Practice: Licensure vs. Output Monitor­
ing", Milbank Memorial Fund Quarterly, Vol. L, 1, Pt. 1
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may not be readily forthcoming to non-RN nursing labor. Thus, 
if potential nursing entrants are aware of this consequence 
of the license, there may be some incentive to pursue more 
advanced schooling (i.e., RN training as opposed to PN train­
ing), If this hypothesis is correct, we would expect b2) 0.^ 

Coefficient b^ describes the effect of mandatory PN licen 
sure on relative supply. This effect simulates comparisons 
between MP and MM states, with mandatory RN licensure held 
constant. Mandatory PN licensure may impose greater costs 
on potential PN entrants by requiring formal schooling. In 
addition, since practical nursing programs have more flexi­
bility regarding the technical nature of such programs (i.e., 
whether or not to include aspects of RN training), costs of 
entry may be adjusted by altering training requirements. The 
costs of entry to this level of nursing may be lower in per­
missive states, where presumably non-PN nursing labor (i.e.,

 ̂ (continued) (January 1972), 102, writes "Each licensed 
category of health personnel has its own set of formal edu­
cational requirements. The unlicensed aspirant, or the al­
ready-licensed worker wishing to move up to a more respon­
sible position, may well find that his own education or ex­
perience is deemed inadequate or irrelevant to the new posi­
tion, and that therefore he must undertake a costly and time 
consuming formal education program to qualify."
^Another interpretation of the effects of mandatory RN 
licensure is possible. If such licensure raises the rela­
tive costs of entering RN training as opposed to PN train­
ing, then we could expect a negative b„ reflecting added 
costs of entry in mandatory states. This is a more difficult 
proposition to deal with empirically, since state cost of 
training estimates for RNs and PNs in i960 do not appear 
to be published. However, a casual glance at requirements 
(age of entry, length of training published in Pennell and 
Stewart, op. cit., pp. 69, 77) for RNs and PNs across all
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aides) could acquire the skills to perform PN tasks via on-
the-job training and experience. If individuals desiring
to attain the skill-level of PNs can be considered to have

73a "marginal" interest in nursing' , the imposition of a man­
datory PN licensing requirement may be sufficient to "dis­
courage" their entry. Hence, the RN/PN ratio would rise 
(b^} 0) as a consequence of a decline in PN supply.^

There may be, however, some reasons for b^ < 0. As in 
the case of RN licensure, mandatory PN licensure will pre­
vent vertical career mobility of potential nursing entrants 
who hope to obtain the skills to perform PN tasks via on- 
the-job training (for example, beginning as a nursing aide). 
If this is the case, potential entrants may decide to enter 
formal PN training programs, resulting in a decline in the 
RN/PN ratio as the PN supply increases. Thus, mandatory PN 
licensure could conceivably cause the RN/PN ratio to decline.

 ̂(continued) states does not suggest much variation. In 
addition, since registered nursing training encompasses all 
aspects of nursing, one might expect training content to be 
quite uniform across states. Hence, it appears that if man­
datory RN licensure is to affect the relative supply of RNs 
and PNs, it may be expected to do so through the first means 
described.
^"Marginal" in the sense that they have not made the commit­
ment to obtain full professional nursing status by choosing 
to undergo RN training.
^As we will discuss below, the movement in this ratio may 
not reflect a "discouragement" effect, but perhaps a "switch­
ing" effect. That is, since working as a PN requires a com­
mitment to training (with mandatory PN licensure), there may 
be an incentive to "switch" to full RN training once the 
realization that nursing (at any level) requires formal 
training.
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In addition, we offer no prediction as to the effect of 
imposition of both RN and PN mandatory licensure (MM-PP 
comparison). This effect is measured by b2 + b^ and since 
the signs of the individual coefficients are not a priori 
obvious, neither is their sum,

111,4 Interpretation of Coefficient a2 as the "Perceived" 
Costs of Licensure Violation
In this section, we show that the coefficient of LRN 

(a2) in our relative demand equation can be interpreted as 
approximating the "perceived" costs employers view violation 
of the licensure may impose. Under licensure, employers 
view the wage of unlicensed labor used in licensed tasks 
as differing from the market wage of unlicensed labor, Wu, 
with the disparity representing the "perceived" costs of 
violating the license. These costs may include legal or 
psychic costs, or sums which must be paid to unlicensed 
labor to entice them to perform "illegal" tasks. Thus, the 
"perceived" wage paid to unlicensed labor assigned to li­
censed tasks, V/ = W (1 + c) where c is the per cent ofUfP u
W viewed as added costs for employing unlicensed labor.
Therefore, employers view the relative wage of licensed to

WLunlicensed labor as having declined, to the level ^ (l + c)
WL u

from the observed or market level tt— (where WT is the wage
Wu L

of licensed labor). Thus, while the market wage ratio may 
suggest a more "unlicensed" labor intensive ratio, employers 
may desire to alter the ratio to one more "licensed" labor 
intensive, in light of these "perceived" costs. It is the
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result of employers' actions to alter this labor ratio that 
we wish to examine, since the interpretation of the coef­
ficient of LRN in structural equation III.l depends on this.

In Figure III.l, two classes of labor, U and L, are em­
ployed at point A in the ratio (-y—)1 , given the market 

WL
wage ratio (^-). Imposition of a license for class L, im­

posing potential penalties for the use of U in this activity,
results in disparity between the existing market wage ratio

WLand the "perceived" wage ratio, (w  +- ~c))« From an em-

ployerfe point of view, therefore, B now becomes the optimal 
employment ratio. Since, at a particular point in time, 
with the supply of each type of labor perfectly inelastic, 
each firm cannot react to their perceptions of the wage
change without there being some effect in the labor market.

U
All firms desiring to alter their L ratios to B will neces- 
sarily bid market relative wages, %  up_ A new equilibrilm

market wage will result at a level which just offsets the 
advantage of moving from A to B. As Figure 111,2 shows, 
with a given market ^ ratio, the shift in demand due to 
licensure will result in observed market relative wages 
rising. The new equilibrium wage ratio will be one that will 
induce firms to employ ^ in their original proportions.
That is, wages will i*ise by an amount equal to the "per­
ceived" costs of using unlicensed labor.

wLMore specifically, if the market relative wage is
w ^perceived as L , firms, by desiring to employ more of
Wu(l + c)



Figure III.l 
Effects of Licensure on Factor Ratios
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Figure III.2
Effect of Licensure on L/U Demand When 

L/U Supply Held Constant
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wLL, will bid market relative wages up by . (1 + r). This

W (1 + r)ratio will be perceived by firms as L v . Since allWu (1 + c)
firms are identical, and with a given ^ supply in the mar­
ket, the best any one firm can do is to employ its original 
j at A, This is because all firms are willing to pay the 
same wage premium to L, hence no one firm, ceteris paribus,
can gain an advantage in employing L. Thus, market relative

WL (1 + r)
wages will rise by ^-------- , resulting in perceived wages

W, (1 + r) u
of ^— ar+TJ' !>e consistent with a firm employ­

ment ratio of A only if (1 + r) = ( 1 + c )  orr, the per 
cent rise in market relative wages is equal to c, the per 
cent of W perceived as an extra cost.

Thus, the above digression provides an interpretation 
of the coefficient of LRN in structural equation III.l,
Since relative numbers are held constant in this equation, 
this coefficient can be used as an approximation of the 
"perceived" costs of licensure. V/e are able to do this 
because the shift associated with LRN measures the change 
in relative wages due to the imposition of mandatory RN 
licensure, or the direct effect of RN licensure.

Ill,5 The Total Effect of Licensure; Reduced Form Equations 
Up to this point, we have only considered the "direct" 

effects of licensure on the demand and supply of nursing 
labor. These "direct" effects measure the impact of licen­
sure by holding relative numbers (in our demand equation) and



relative wages (in our supply equation) constant. Thus, 
the effect of licensure on relative wages, due to shifts 
in supply, has not been considered. Similarly, the impact 
of licensure on relative numbers has not considered the shift 
in demand which also occurs when licensure is altered.
That is, the total effect consists of a direct effect, in 
which the endogenous variable is held constant, plus an 
indirect effect which measures the effect on our dependent 
variable from shifts in the other schedule which arise when 
the nature of the license is altered. These effects are 
illustrated in Figure III.3 for the case in which mandatory 
RN licensure is imposed.

Figure 111,3 
Total Effects of Mandatory RN Licensure

5
We*

BEPN AN
PN

Total Effect on RELW = (a-c) = 
Direct Effect (a-b) +
Indirect Effect (b-c)

Total Effect on RELR = 
(e-g) = Direct Effect 
(e-f) + Indirect Effect 
(f-g)
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The reduced form coefficients of the licensure variable in 
our demand and supply schedules are obtained by substituting 
structural equation III.2 for RELR in equation III.l, and
structural equation III.l for RELW in equation III.2. The
resulting coefficients of the licensure variables in each 
reduced form equation will provide estimates of the total 
effect of licensure (as it pertains to changes in RN or 
PN licensure) on relative wages and numbers employed. The 
reduced form coefficients will take the following formi

Table III.3 
Reduced Form Licensure Coefficients 

Licensure Variable Interpretation R.F. Coefficient
LRN in Demand Change from PP a9 + a1b„

to MP states. -̂jr-c—1 - ^

LRN in Supply Change from PP bp + b1 a?
to MP states. T--- r—r:-

1 “ alDl
LPN in Demand Changes from MP a~ + a1b

to MM states. 3 ... 1 3 1 - a ^

LPN in Supply Change from MP b_ + b^a-
to MM states. ^ ^1 " albl

Note that a reduced form expression, for a change in 
both LRN and LPN from permissive to mandatory, can also be 
obtained. The expression for the change in relative wages, 
requires an addition of the coefficients in lines 1 and 3.
A similar expression for the effect on relative numbers em­
ployed, due to a simultaneous change in both LRN and LPN,
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can be obtained from an addition of lines 2 and These 
expressions will represent the changes on relative wages 
and numbers by moving from PP to MM jurisdictions.

As can be seen, the resulting reduced form coefficients 
consist of direct reduced form effect coefficients (inter­
preted above) and combinations of coefficients which pro­
vide a measure of indirect reduced form effects. For ex­
ample, the reduced form coefficient of LRN in the demand 
equation is comprised of ag, the direct effect coefficient 
in structural equation III.l, which measures the effect of 
imposing mandatory RN licensure with relative numbers held
constant, and a1b_. The latter coefficient product is an 

1 * -DRELV/ . 'SRELR
indirect effect consisting of 9 RELR *9LRN : that is,

the effect of licensure on relative wages through the shift
in relative supply. The total effect a2 + a1^2, takes the

1  "

sum of these effects into consideration. The other reduced 
form coefficients have similar interpretations. Estimates 
of the reduced form coefficients, as derived from the esti­
mated structural equations, will be presented below. With 
the empirical strategy outlines, we now turn to a discussion 
of the results obtained.
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Empirical Results: The Effects of Licensure on 
the Utilization of Nursing Labor

IV.1 Estimation Technique
The results of the regression strategy outlined in 

Chapter III are presented in Table IV.1. All variables 
(with the exception of the licensure dummy variables and 
BDPN) have been transformed into natural logarithms. The 
coefficients of the logarithmic variables may be interpreted 
as elasticities while the coefficients of the dummy varia- 
bles and BDPN can be interpreted as percentage changes.'J 
The equations have been estimated by two-stage least squares 
(TSLS) and have been weighted by the square-root of the

17 Zf

state or geographic area's population. Table IV.2 pre­
sents the licensure coefficients in the appropriate config­
urations described above. Table IV,3 provides estimates of 
the reduced form licensure coefficients.

^Summary statistics for the data used may be found in 
Appendix IV.
^The square root of population is the appropriate weight to 
use for dealing with heteroskedastic disturbances when run­
ning per capita data. For relative numbers, in which each 
number in the ratio is obtained by aggregating individual 
observations in a state and averaging over the state's pop­
ulation, it can be shown that the appropriate weight is 
also the square root of the jurisdiction's population. For 
consistency, both relative demand and relative supply are 
weighted. Unweighted regressions showed similar results as 
those in Table IV,1 and are presented in Appendix IV. I 
am indebted to Professor M. Grossman for insight on this 
point.
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In Table IV.1, regression coefficients for a number 

of alternative specifications of the structural equations 
are presented. Before describing the results obtained, how­
ever, we wish to comment on a particular feature of the TSLS 
estimating procedure which must be considered when inter­
preting the significance of the estimated coefficients. The 
"t-statistics" presented (in parentheses) must be inter­
preted with great care since the TSLS technique used pro­
vides a statistic whose asymptotic distribution is that
of a t-distribution, but whose small sample distribution 

77is unknown.' The reported "t-ratio adjustment factor" may 
be used to transform the reported t-statistic into one based 
upon a distribution which is asymptotically standard normal 
(multiply reported t-statistic by the adjustment factor to 
obtain the latter).^® We therefore present both the

^The Regression Analysis Program for Economists (RAPE) was 
used. The TSLS procedure and the reported statistics are 
those developed by Dhrymes, Dhrymes' "alternative" signifi­
cance tests are used, which for TSLS, are based on an asymp­
totic t-distribution. Note that the degrees of freedom for 
the t-statistics are the degree to which the equation is 
overidentified. See for example, William J. Raduchel, The 
Regression Analysis Program for Economists. Reference Guide, 
Technical Paper No. 10, revised, (Cambridgej Harvard Insti­
tute of Economic Research, 197^)> p. 15* P.J. Dhrymes, "Alter­
native Asymptotic Tests of Significance and Related Aspects 
of 2SLS and 3SLS Estimated Parameters", Review of Economic 
Studies, XXXVI, (April 19^9)» and P.J. Dhrymes. Econometrics, 
section 5.7. The coefficient of determination is not pre­
sented since with the Dhrymes' technique, this does not pro­
vide a goodness-of-fit criteria for the structural equations.
^®For use of the t-ratio adjustment factor see, J.P. Newhouse 
and C.E, Phelps, "Price and Income Elasticities for Medical 
Care Services", The Economics of Health and Medical Care,
Mark Perlman, ed~ (New York: John Wiley and Sons, 197*0* 
p. 156, note 1.
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Dhrymes' t-statistic as well as the asymptotic standard nor­
mal statistic (Z-statistic) in Table IV.1, and will discuss 
the significance of our independent variables with respect 
to both criteria. We caution, however, that the small num­
ber of observations used (31) would tend to discourage a 
strict interpretation of significance tests based on either 
distribution. As a result, therefore, assertions regarding 
significance based on conventional levels must be made with 
care since the above statistics are defined in an asymptotic 
framework,
IV.2 Empirical Results

In Table IV.1, equations (1) and (2) provide the general 
demand-supply framework used. The remaining equations con­
sist of systems in which the demand equation has been al­
tered. Thus, in equation (1), the slope variable (RELR) 
has the correct negative sign with a t-ratio above unity. 
However, by conventional standards (with 2 degrees of free­
dom, the degree of overidentification for this equation), its 
significance is low. Applying the t-ratio adjustment fac­
tor results in a transformation to a Z-statistic significant 
at the .025 level (one-tail test). This result, as well as 
the transformations in demand equations (3) and (5)» should 
be taken with caution because of the large size of the ad­
justment factor (2. V?). ̂  RWEX, the ratio of expected 
RN/PN wages, has the correct positive sign based upon our

"^Phelps and Newhouse report adjustment factors ranging 
from .o to just above unity.
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derivation in Chapter III (note 62) and upon the notion 
that high observed relative wages may reflect higher rela­
tive quality between RNs and PNs. However, the relationship

80is not significant under either statistic.
The licensure variable, LRN, which reflects movements 

from PP to MP states (i.e., permissive PN licensure held 
constant) has the hypothesized positive sign, reflecting an 
increase in relative demand fcr RNs to PNs as mandatory 
licensure is imposed. This provides some evidence for our 
notion that employers may "perceive" costs for violation of 
mandatory licensure provisions. These costs, and hence the 
effect of mandatory RN licensure on relative wages, raise 
relative wages by approximately 9.5 percent. Although its 
t-ratio does exceed unity, by conventional standards its 
level does not allow us to assert this result with a large 
degree of confidence. The reported Z-statistic is highly 
significant but again, we stress caution in interpreting 
this result given the magnitude of the adjustment factor.
The correct sign and reasonable magnitude of the coefficient 
suggest that mandatory licensure may exert some small influ­
ence on behavior in the manner described,
Qq r
It may be that this variable is subject to reporting er­

rors and therefore biased. For example, the education 
measure used in its construction is based upon highest 
grade of schooling completed, and if vocational training 
is not reported, there will be an error in the measure of 
quality. Thus, nurses may have received much of their 
training in hospital-affiliated programs and may have com- 
mited such reporting errors.
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The licensure variable LPN describes the effects of 

mandatory PN licensure, or movements from MP to MM states. 
While the negative sign obtained in this specification meets 
our a priori expectations (that is, imposing "costs" on em­
ployers for utilizing lower priced inputs, such as aides, in 
place of PN inputs), the low t and Z statistics and low co­
efficient indicate that these effects are not significant, 
both in a statistical or economic sense. Hence, it appears 
that the effect of licensure in this demand specification has 
its impact on RN utilization through mandatory RN licensure.

The remaining variables in the demand equation, AVLOS 
and PPR, have signs which meet our previous expectations. 
AVLOS is a proxy for case-mix in short-term hospitals, with 
reservations mentioned in Chapter III. Its positive sign 
suggests that the demand for RNs relative to PNs reflects a 
demand for higher quality nursing inputs in areas where case- 
mix is more serious. In subsequent equations, discussed be­
low, we attempt to isolate this interpretation more com­
pletely. In doing so, we are able to increase the t-statis­
tic (1.13) closer to conventional levels of significance 
(note that the Z-statistic is significant). PPR, the phy­
sic ian-population ratio (per thousand population), has a 
negative sign which suggests that RNs may serve as substi­
tutes for physicians in areas where physician availability 
is scarce. That is, holding the RN/PN ratio constant, the 
RN-PN relative wage increases (as PPR declines), suggesting 
an increase in demand for RNs relative to PNs. A plausible
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explanation for this behavior is that more intensive use of 
RNs is made in physician-scarce areas to ease the demands on 
existing physician services. The fact that its t-ratio is 
above 2,00 and significant at the ,10 level provides credi­
bility for the importance of this variable.

In equation (2), our relative supply equation, the slope 
coefficient of RELW (unadjusted or observed relative wages) 
is positive although both the t and Z statistics are below 
unity. Note that in this equation, the t-ratio adjustment 
factor is a more reasonable 1.57. The licensure variables 
now measure the supply effects of the imposition of manda­
tory licensure. LRN measures the impact of mandatory RN 
licensure compared to permissive RN licensure, or the 
movement from PP to MP states. In equation (2), this ef­
fect is positive, suggesting that rather than serve as a 
barrier to entry, the licensure may provide incentives to 
enter registered nursing since alternative nursing careers 
(i.e., PNs or aides) may be dead-ended. This, as has 
been noted above, may result because of the difficulty of 
occupational mobility in mandatory jurisdictions. While 
the sign of the coefficient suggests this interpretation, 
its magnitude (less than 1 per cent) and statistical sig­
nificance indicate that the effect is extremely small, if 
present at all. In subsequent equations, we are able to 
increase the significance, although its level remains well 
below unity.

The impact of licensure on the supply side seems to
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Table IV.1

TSLS Estimates of Relative Demand and Supply Equations
Dependent Variables

Independent
Variables
RELR

RELW

LRN

LPN

RYffiX

PPR

GB

FY

TP

BDPN

INTERCEFT

(1)RELW
-•23
(-1.10)***(-2.72)

• 095
(1 • 5*0*** (3.80)
-.013(-.20)
(-.48)
.25(.54)
(1.33)
.38
(l»13)***(2.78)
-.32 *
(“2.4l)***
(-5.95)

-.12(-.22)
(-.54)

(2)
RELR

.71
(.53)
(.83)
.002
(.13)(.20)
.25 %
(i»52)***
(2.38)

.65 x 
(1.30) 
(2.04)**

.08
(1.06)#
(1.67)
- 27 
(-1.16), (-1.82)
-4.92
(-1.03)(-1.62)

(3)RELW
-.09 
(-.57) * 
(-1.73)

.073
(1.48 )#.**. 
(4.45)
-.03
(-.06)
(-1.53)
.24
(.63) *
(1.90)
.39
(1.39)***(4.21)
-.32 *
(■2.89)***
(-8.72)
.091
(1.87)***(5.04)

-.16
(-.35)(-1.06)

(4)
RELR

1.66(1.28)
(1.64)
-. 06
(-.40)
(-.52)
.33 *
(1.97)***
(2.53)

.97 . *(1.94)***
(2.50)
.09(1.00)
(1.29)
-.23(-.86)
(-1.01)
-8.03 * 
(“1*7) ** 
(-2.19)



Table IV.1 (continued)
Equations (1) to (4)

(1) (2) (3) (4)
T-RATIO ADJUST­
MENT FACTOR 2.47 1.57 3.02 1.29
DEGREES OF 
FREEDOM 2 2 2 3(DEGREE OF 
OVERIDENTIFICATION)
Notes First row of figures in parentheses are Dhrymes' 

t-statisticsj second row contains adjusted t or 
Z-statistics. All variables except LRN, LPN, and 
BDPN are in natural logarithms. All regressions 
are weighted by square root of jurisdiction's 
populat ion.

* significant at .10 level 
** significant at .05 level 
*** significant at .025 level

All for one-tail test.
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Independent
Variable^
RELR

RELW

LRN

LPN

RWEX

AVLOS

PPR

AVBS

BC

OCR

GB

Table IV.1 (continued)
Equations (5) to (8)

Dependent Variables
(5)RELW

-.09
(-.5*0
(-.49)

.064
(1.15)(3.16)•is-*-*

-.023(-.40)
(-1.09)
.40
(. 88) a.**
(2.43)

*51 X(1*56)#**
(4.29)
-.28 * 
(-2.15)***(-5.90)
-.08 
(-.71) * 
(-1.95)

.12(.22)(.61)

.09 v
(1.83)***(4.47)

(6 )
RELR

.98
(.96)
(1.09)
-.004
(-.03)
(-.03)
.27 *
(1.91)**
(2.15)

(7)RELW
-.13
(-.77)
(-.96)

.091 *(1,82)*** 
(2.25)
-.043
(-.79)
(-.98)
.24
(.63)
(.79)
.57 *
(1.88 ***
(2.34)
-.31 x ("2•81)*** 
(-3.48)

-.26
(-1.71)**(-2.12)

.08
(1.41)*
(1.75)

(8)
RELR

.95(1.22)
(1.40)
-.001(-.01)(-.02)
.27 *(2.10)***
(2.41)
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Independent
Variables
FY

TP

Table IV.1 (continued)
Equations (5) to (8)

Dependent Variables

BDPN

INTERCEPT

T-RATIO ADJUST­
MENT FACTOR

(5)RELW

-.53
(-.23)
(-.63)

2.75
DEGREES OF 
FREEDOM 2
(DEGREE OF 
OVERIDENTIFICATION)

(6)
RELR

.74 *
(1.83)##
(2.07)
.08
(1.07) (1.20) 
-.26(-1.10)
(-1.24)
-5.80 * 
(-1.52)* 
(-1.72)

1.13

5

(7)RELW

-.19(-.41)
(-.51)

1.24

(8)
RELR

*73 *#(2.l6)###
(2.48)
.08
(1.07)
(1.23)
-.26(-1.12) (-1.28)
75‘7S x* (-1.82)#*.(-2.09)

1.15

See page 84 for symbols and description of table.
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Independent
Variables
RELR

RELW

LRN

LPN

RWEX

AVLOS

PPR

BG

GB

FY

TP

Table IV.1 (continued)
Equations (9) to (12)

Dependent Variables
(9)RELW

-.16(-1.02)
(-1.30)

.080 * 
(1.6*0** (2.08)

.28
(.71)
(.91)
.61 *
(2.05)#»* (2.61)
■*33 ##
(-2.99)***(-3.81)
-.25("1.60)##(-2.0*0
.08
(1.^7)*
(1.87)

(10)
RELR

• 95 *(1.52)# 
(1.91)

.27 ***
(2.89)###
(3.63)

• 73 ***
(2,73)*** 
( 3 . W

.08
(1.10)
(1.39)

(11)RELW
-.17(-1.01)
(-1.05)

.081
(1.63)**(2.05)

.28
(.71)
(.90)
. 62 #
(2.03)***
(2.55)
7.33 .** ("2.98)###
(-3.75)
-.25(-1,60)##(-2.01)
.08
(1.46)#
(1.84)

(12)
RELR

.98 #
(1.56)# 
(1.83)

• 26 *** (2.81)### 
(3.29)

.62 *** 
(3.13)*** (3.68)
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Table IV.1 (continued) 
Equations (9) to (12)

Dependent Variables
Independent
Variables

(9)RELW
(10)
RELR (11)RELW

(12)
RELR

BDPN -.26
(-1.1*0
(-1.44)

-.41
(-2.25) 
(-2.63)

INTERCEPT -.26
(-.58)
(-.7*0

-5.69 **
(-2.31)***
(-2.91)

-.27
(-.59)(-.61)

-6.34
(-2.61)
(-3.05)

T-RATIO ADJUST­
MENT FACTOR 1.27 1.26 1.04 1.17
DEGREES OF 
FREEDOM 3 5 2 5
(DEGREE OF 
OVERIDENTIFICATION)

See page 84 for symbols and description of table.
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Table IV.2

Licensure Dummy Variables from Structural 
Equations (7) and (8)

Dependent Variables
(7)RELW

(8)
RELR

(1) LRN (PP to MP) a2* .091 *  
(1 .8 2 ) .  
(2 .25)

V - .001
(- .0 1 3 )
( - .0 1 5 )

(2) LPN (MP to MM) a^: -.oij-3
( - .7 9 )
( - .9 8 )

V . 27 
(2 .10) 
(2 .4 1 )+

(3) LRN and LPN 
(PP to MM) a2+a3 ! .04-8

( .65 ) w .27
(2.76)

Note: Parentheses on first line below coefficients contain
t-ratiosj those on second line contain transformed 
Z-statistics.
* approaches significance at .10 level for t-test 

** approaches significance at .05 level for t-test 
*** approaches significance at .025 level for t-test 
+ approaches significance at .025 level for Z-test
All the above for one-tail test.

Standard error to compute t-ratio for line (3) is: 
S = Vvar. a2+Var. a^+2 Cov. (a^a^)

Table IV.3
Reduced Form Licensure Coefficients

Dependent Variables
(?•) (8») (90 (10O (110  (120
RELW RELR RELW RELR RELW RELR

LRN .081 .076 .069 .069
LPN -.070 .203 .234 *231
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have its greatest impact through the variable LPN. Its posi­
tive sign indicates that as mandatory practical nurse licen­
sure is imposed (i.e., comparing MP to MM states), relative 
numbers (RN/PN) increase. This suggests that the mandatory 
license may discourage entry into practical nursing, perhaps 
in the following manner. As described in Chapter III, indi­
viduals planning to enter practical nursing may have only a 
"marginal" interest in nursing and are attempting to seek 
information as to whether nursing suits their occupational 
aims (one might conjecture that individuals seeking to be­
come RNs have more than a "marginal" interest in nursing due 
to the longer period of training required). If this is the 
case, the imposition of a mandatory license, requiring for­
mal training (as opposed to informal, on-the-job training 
leading to the ability to perform PN tasks in permissive 
states) may be sufficient to discourage those entrants and 
hence reduce the supply of PNs and raise the RN/PN ratio 
in the state. Alternatively, the costs of training in man­
datory states may exceed training costs in permissive PN 
states (since PN training may be adjusted to include as­
pects of RN training), and therefore also discourage entry.
In the former, training to perform PN tasks requires incur­
ring the full costs of obtaining a license. In the latter, 
training to perform PN tasks may be obtained through in­
formal channels (on-the-job training) and the associated in­
vestment costs may be less.

While the effect of mandatory PN licensure is to increase
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the RN/PN ratio, both explanations are restricted to effects 
solely on PN supply. However, since the ratio is increasing, 
it may be that the RN component is primarily affected by 
LPN: that is, LPN results in an increased RN supply. A
plausible explanation for this effect may be grounded in the 
notion that a more efficient way to train is to concentrate 
one’s training in one or two "lumps" rather than to spread 
that training over one's working life. Thus, if potential 
nursing entrants must undertake formal training to obtain a 
license to practice, some may be persuaded to "switch" from 
PN training to RN training. For example, if a commitment 
to formal training must be made, even to enter the lower 
rung of professional nursing, and if entrants realize that 
occupational mobility can only be obtained through further 
education (since in this comparison the RN licensure is man­
datory), there may be some incentive to extend training to

Q*|
obtain RN qualifications. Thus, the positive relationship 
between LPN and RELR may reflect this "switching" behavior 
rather than discouraging PN entry. Some empirical results 
to distinguish between these alternative explanations will 
be presented below when we discuss our "best" specification, 
equations (?) and (8).

With regard to the remaining supply variables, FY,
median family income in the state, has the expected positive
sign. This reflects the notion that states with higher
—  —

Note that we are holding the ability to finance further 
training, as measured by family income, constant.
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family incomes may have a greater ability to finance the 
additional training required to become a RN, Although its 
t-ratio exceeds unity (1,30) and its transformed t (i.e., 
its Z-statistic) is significant, such a variable may play 
a limited role in making the decision to seek additional
training or continue training once having entered a pro-

82gram.
BDPN, a variable used to measure the influence of PN 

membership on the PN nursing board on entry to practical 
nursing, has a negative sign with a t-ratio just above 
unity, 1.16, (its Z-statistic is significant at the .10 
level). This negative relationship suggests that PNs, 
rather than attempting to strictly curtail entry, given 
the nature of PN licensing in the state, may try to en­
courage entry in their attempts to secure their professional 
status vis-a-vis RNs, That is, the competition (des­
cribed in Chapter III) that may exist between RNs and PNs, 
in providing both nursing services and exerting their pro­
fessional positions regarding nursing policy, may result 
in PNs attempting to strengthen their position. While there

®2Altman, pp. 39-^8, suggests that "ability" and "family 
income" play a role in determining the choice of nursing 
programs RNs select (i.e., two-year associate degree, 
three-year diploma, four-year B.A. degree). Ability seems 
to be the primary determinant of training success. Low 
income does not appear to affect the successful completion 
of programs for those with the requisite ability. However, 
for those of low ability, low income may be an additional 
factor preventing successful completion.
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may seem to be some disparity between this interpretation 
and the positive sign obtained on LPN (suggesting perhaps, 
that licensure discourages entry), it may well be that the 
push for mandatory licensure comes largely through the ef­
forts of other non-practical nursing members of the licen­
sing board. The extremely low correlation between LPN and

83BDPN (.03) may support this assertion.
Finally, TP, the ratio of RN/PN training programs in 

the state, has the expected sign, reflecting a positive 
association between training institutions and occupational 
nursing supply. However, the significance of this variable 
is not strong. Alternative specifications of TP, lagging 
by five years or using lagged graduates, did not improve 
the results.

The remaining equations presented are variants of the 
demand-supply system presented in equations (1) and (2), In 
particular, alternative specifications of the demand equation 
are presented with variables to account more clearly for 
case-mix, bed-availability, government employment, and "poli­
cing" effects. The use of these additional exogenous vari­
ables in the system, in some specifications, markedly im­
prove our results. Equations (7) and (8) represent the most 
complete specification.

In equation (3), GB (per cent government hospital beds 
in the state, all types) is included to examine the influence

•̂ BDRN, a similar variable for RN licensing board influence, 
was found to be of little influence on RELR and hence was 
not included.
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of government hiring on the utilization of RNs and PNs. As 
was noted above, government standards regarding RN-PN utili­
zation may provide less latitude for substitutability. If 
this is correct, we expect a positive sign on GB, reflecting 
an increase in relative demand (RELW) as the influence of 
government expands. We obtain this result, with a t-ratio 
substantially above unity (1,67). Note that the transformed 
t-statistic is highly significant although this is due to a 
large adjustment factor of 3.02. The inclusion of this vari­
able slightly depresses both the influence and significance 
(with respect to the t-statistic) of LRN, suggesting that 
the impact of RN licensure, as presented in (1), may have 
been overstated. That is, government standards may sufficient­
ly restrict task substitution between nurses of differing 
classes, so that when we hold the influence of government 
constant, the impact of licensure on relative demand (RELW) 
is reduced. The inclusion of GB does reduce the significance 
of slope coefficient of RELR (its negative sign remains).
The significance of RWEX improves slightly and its positive 
sign is retained. Both AVLOS and PPR show some improvement 
in significance, with the latter approaching significance 
near the .05 level (in terms of its t-statistic). LPN 
remains statistically weak. On the supply side, the inclu­
sion of GB as an exogenous variable in our system, provides 
an improvement in the relationship between endogenous RELR 
and RELW (both t and Z-statistics above unity). The vari­
ables LPN and FY improve in significance, with both their
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t-statistics significant at the ,10 level (both Z-statistics 
significant at .05 level). The t-ratio of BDPN, however, 
falls below unity. All signs are retained.

In the next system of equations (5) and (6), two vari­
ables are included to control for the influence of size in 
policing licensure violations, and also, to partly purge 
from AVLOS influences which may reflect bed-availability 
and hence, physician judgment as to the length of hospital­
ization. For the former, we include AVBS (average beds per 
short-term hospital) and expect a negative sign if size 
exerts an inability to effectively police (i.e., raising 
the costs of detection and hence providing incentives to 
lower the relative demand for RNs to PNs). As regards the 
latter, we include OCR (occupancy rate in short-term hos­
pitals) which in combination with AVBS provides information 
about the level of bed availability in the state. A more 
direct measure, beds per capita (BC), is introduced in 
equation (7), but was omitted from the equation (5) due to 
the intercorrelation between AVBS, BC, AVLOS, and OCR.

Thus, in demand equation (5), the inclusion of these 
variables tends to diminish the effect of RN licensure on 
relative demand: both the coefficient and significance of 
LRN decline. The signs of all variables, however, are re­
tained, The sign of AVBS is negative, suggesting that a 
"policing" effect may be present (although its t-ratio is 
weak). While OCR does not approach significance, holding 
it constant along with AVBS improves the significance of
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AVLOS, This may reflect a more direct linkage between case- 
mix variations and demand for more highly-skilled nursing 
personnel (as reflected in RELW). In addition, the above 
specification results in a decline in the significance of 
PPR, A basic problem which may be influencing this speci­
fication is that the variables AVBS, OCR, AVLOS and PPR are

QU
strongly correlated. Thus, while there is some indication
that the "policing" effect may enter and that AVLOS may
more accurately reflect case-mix, once bed availability is
controlled for, we will attempt to emphasize the latter
point in an alternative specification. This will hopefully
reduce the potential multico2linearity problem.

Equations (7) and (8) represent a final specification
of our demand-supply system. In place of AVBS and OCR, we
include BC (described above) to measure bed-availability.
As a result, in this specification, LRN rises in our demand
 --------------------------------
The correlation among AVBS, OCR, AVLOS and PPR is as follows: 

AVLOS PPR AVBS OCR
avlos l.oo 759 .75 757
PPR 1.00 .68 A2
AVBS 1.00 .71
OCR 1.00

Note that with more than two independent variables, high 
simple correlation coefficients are sufficient but not 
necessary for multicoljinearity to exist. See, for a demon­
stration, Jan Kmenta, Elements of Econometrics (New York: 
MacMillan, 1971)» pp. 382-38^. The strong correlation be­
tween OCR and AVLOS is to be expected since AVLOS is used 
to construct OCR. That is,

ADM ♦ AVLOS Patient days 
OCR = BR . 365 = Bed days

where ADM = admissions per thousand population 
BR = beds per thousand population.
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equation, its t-ratio of 1.82 is higher than in other speci­
fications. Note that the t-ratio adjustment factor of 1.24 
seems more reasonable and the Z-statistic for LRN is signi­
ficant at the .025 level. The t-ratio of PPR rises back to 
2.81, significant at the .10 level for this statistic, and 
above the .025 level when the transformation to a standard 
normal variable is obtained. AVLOS attains a t-ratio sig­
nificant at the ,10 level (its Z-statistic is significant at 
the .025 level). BC acts as a good proxy for AVBS in that 
its sign is negative and its t-ratio exceeds unity (its Z- 
statistic is significant at the .05 level). Here BC serves 
to provide a measure of bed availability to maintain con­
stant, as well as to provide some indirect indication of 
policing: the more beds per capita, the greater the dif­
ficulty in supervising the "inputs" utilized in producing 
care.

The inclusion of BC as an exogenous variable in this 
system also improves the estimation of supply equation (8), 
RELW retains its positive sign and its t-ratio returns to 
a level above unity (1,22.). LRN is once again low in sig­
nificance, but the t-ratio of LPN improves to a level of 
2,10. The significance of FY also rises, suggesting that 
family income may play more than a "limited" role in deter­
mining the ability to enter more extensive training pro­
grams. BDPN retains its sign and magnitude as well as its 
t-ratio. No improvement in the significance of TP is ob­
tained. Thus, a fairly well-specified supply relationship 
is estimated.
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At this point we should comment about the coefficients 

of RELR and RWEX in our relative demand equation. We will 
do so with respect to equation (7). As was pointed out in 
note 62, Chapter III (see also Appendix IV), the reciprocal 
of the coefficient of RELR serves as an estimate of the 
elasticity of substitution between RNs and PNs. While we 
have included RWEX in our demand equation to control for 
variations in observed RELW due to relative qualify differ­
ences (thus purging such influences from estimates of the co­
efficient of LRN), we noted that this would follow from the
CES framework only if G~ was ^1* If this were the case,

1
then 1 -£■, the coefficient of RWEX would be positive, des­
cribing a direct relationship between RELW and RWEX. From 
equation (7), we see that G~ , estimated from the coefficient 
of RELR is approximately 7.7,^ thus providing a rationale 
for our specification. However, we may also estimate
from the coefficient of RWEX. Obtaining (j- in this manner,

86we estimate it to equal 1.32. While both estimates exceed 
unity, thus providing the theoretical rationale for our 
results, the difference in their magnitudes is quite large. 
This apparent inconsistency may be resolved in the following 
manner. As we have noted above, our use of RWEX may be 
plagued with reporting errors (see note 80) which may bias

^  -1 = -.13, = 7.69.
(T

86 i - ^ = ,2b, = 1.32.



99
the estimated coefficient. In addition, both the coeffi­
cients of RELR and RWEX are point estimates from a distri­
bution of coefficients. Given their standard errors (.16 
for the coefficient of RELR, .38 for that of RWEX), it is 
possible to construct 95 per cent confidence intervals for 
both which contain these values.^

As the above regression results indicate, the impact 
of mandatory licensure is not the same for both RNs and 
PNs in each equation. Mandatory RN licensure (i.e., the 
comparison between PP and MP states) is much stronger than 
the effect of mandatory PN licensure in our demand equation,
both in terms of its coefficient and significance. In
equation (7)» we estimate that mandatory RN licensure re­
sults in an increase in RELW of about 9,1 per cent, which is 
also an estimate of the perceived costs imposed upon em­
ployers for violation. In supply equation (8), the impact 
of mandatory PN licensure is far more important than that 
of mandatory RN licensure. The coefficient and strong sig­
nificance suggest that the RN/PN ratio is quite strongly 
affected by mandatory PN licensure, rising by 27 per cent 
when other supply influences are held constant. We shall 
below offer some possible reasons for these results. First, 
however, we want to discuss in more detail the interpreta­
tion of LPN in supply.
^With 2 degrees of freedom (degree of overidentification 
of equation (7) )» the confidence intervals ares

(-.82 < aRELR < .56) = .95
(-1.40 < aRVffix < 1.88) = .95



100
IV.3 The Effect of LPN on Relative Nursing Supply: the

"Discouragement" Effect vs. the "Switching" Effect
As was mentioned above, the fact that mandatory PN li­

censure results in an increase in the RN/PN ratio does not 
distinguish which nursing group is being directly affected 
by the licensure. That is, does mandatory PN licensure 
discourage potential PN entrants or cause them to switch to 
RN training once the realization that a commitment to for­
mal nursing training is required. Either "discouragement" 
or "switching" hypothesis is consistent with an increase in 
the RN/PN ratio due to mandatory PN licensure.

To distinguish between these results, a regression 
framework was used in which RNs per capita (per thousand 
population) and PNs per capita were run against the above 
supply variables. In each of these equations, unadjusted 
relative wages were treated as an endogenous variable. The 
regressions were run in both OLS (ordinary least-squares) 
and TSLS form. The sign of LPN in the regressions was used 
to distinguish between these competing hypotheses. The 
TSLS results are presented in Table IV.4. In equation (2), 
in which PNs per capita was our dependent variable, LPN had 
a negative sign and was significant at the .10 level, using 
the Dhrymes' t-statistic, and at the .05 level when ap­
plying the transformation to a standard normal variate. In 
equation (1), the effect of LPN on the per capita supply of 
RNs has a negative sign and is insignificant, and does not 
therefore, lend support to a process in which potential PNs
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Table IV.4

Effects of LPN on Relative Nursing Supply

Independent
Variables
RELW

LRN

LPN

LFY

LTP

BDPN

INTERCEPT

T-RATIO

Dependent Variables
— rir^--------------------

RNs per thousand 
population

-1M  **-2.14)***
-2.57)
10
1.04)
1.25)
.09
-.77)
-.92)
31
1.05
1.26
.03
-.39)
-.47)
.24-1.20)
-1.44)
.9°
-.33)-.40)

1.20

(2)
PNs per thousand 

population

- 2,56 * *  

”2.39)**# -2,82)
10
.63)
.74)

-.34 *
-1.98)*** 
-2.34)
.49
-1.05)-1.24)
.12
-1.11)
-1.31)
03
.09.11
.431.26)
1.49)
1.18

ADJUSTMENT FACTOR 
DEGREES OF
FREEDOM 4 4
Notes See page 84 for weight used and description of table.

Significance (all for one-tail test): * .10 level for 
t-test? ** .05 level for t-testj *** .025 level for 
Z-test.
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"switch" to RN training when mandatory PN licensure is im­
posed. These results strongly suggest that the effect of 
mandatory PN licensure is to "discourage" entry to this 
level of nursing.

IV.b Remaining Regression Results
The remaining regression results presented in Table 

IV.1 consist of equation systems in which certain variables 
have been deleted. In equation (9)» LPN has been removed 
while in (10), LRN has been removed. Both these licensure 
variables were previously found to be of low significance in 
prior specifications and their removal does not appear to 
greatly bias the estimates. LRN in (9) declines slightly 
in both magnitude and significance, the the significance of 
LPN in (10) rises dramatically. In the last equation set, we 
estimate our demand and supply equations with TP deleted.
TP has been removed in response to the reservations in note 
67. In doing so, our estimates of the demand parameters are 
unchanged, but there is an improvement in the significance

OOof FY and BDPN, However, in both equations, the signifi­
cance and magnitude of the licensure variables remain es­
sentially the same as in (9) and (10).

In Table IV.2, we present the licensure coefficients
for equations (7) and (8) (in Table IV.1) in configurations 
__ -
The improvement in these variables may point to another 

problem regarding inclusion of TP: that of multicoilinearity,
The simple correlation between TP and FY and BDPN is .35 
and -.66 respectively. This reservation was expressed in 
note 67 above,
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which permit us to compare the imposition of both mandatory 
RN and PN licensure, that is the movement from PP to MM 
states. This is given by line 3 which represents the sum 
of the appropriate licensure coefficients. As is apparent, 
the effect of this comparison is greatest on the supply side, 
primarily due to the dominating effect of PN licensure. On 
the demand side, two opposing forces are acting upon rela­
tive wages (i.e., relative demand). The imposition of man­
datory RN licensure causes an increase in relative demand for 
RNs or a positive relation between LRN and RELW occurs. On 
the other hand, the imposition of mandatory PN licensure 
results in an increase in relative demand for PNs, causing 
a decline in RELW. The outcome, a ^.8 per cent rise in rela­
tive wages is the net effect. However, the effect of man­
datory licensure on relative demand does not appear to be 
significant in this PP-MM comparison.

IV.5 The "Significance" of the Licensure Variables
In this section, we wish to comment and provide some 

explanation for the significance of the licensure coeffi­
cients in our structural equations. As we had expected, 
the LRN variable, reflecting the imposition of mandatory 
RN licensure (PP-MP comparison) has a stronger effect in 
our demand equation. Its sign is correct and its magni­
tude is reasonable (9.1 percent in equation (7) ). Although 
its t-ratio approaches significance at the .10 level (its 
transformed Z-statistic is significant at the .025 level), 
its magnitude suggests that the effect of licensure (in
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this PP-MP comparison) may he moderate. Several reasons,
however, may he posited for this mild licensure effect.
As Pennell and Stewart note in their 19&7 survey of health 

89licensure, 7 state enforcement and regulation of health 
licensure is not performed on the hasis of rigid inspection 
procedures:

In general, licensing agencies follow the policy ' 
of investigating a practitioner's compliance with 
the law only when a complaint is filed. To a 
marked degree, the enforcement of licensing laws 
depends on the voluntary compliance of individual 
practitioners and the efforts of occupational 
associations.

If this is the case, there is strong reason to suspect that
employers may pay "lip service" to the license since they

90may view the expected penalties as heing quite low.
A theoretical rationale for the weak effect of licen­

sure on the demand side may also exist. Applying results 
from Chapter I, we may note:

Lgl
ifwff) = SQ.g * Sg,Lgl Lgl,Lgl “ (TLgl,Lg27 

where the above denotes an expression for the elasticity 
of substitution between licensed and unlicensed labor 
(Lg2 and Lgl respectively) in a licensed labor task, g.
The degree to which employers will alter their input ratios

^Pennell and Stewart, op. cit., p. 11
9°The view that employers in institutions in mandatory 
states may merely pay "lip service" to licensure was sug­
gested by Professor Nathan Hershey, Professor of Health 
Law, Graduate School of Public Health, University of Pit­
tsburgh, in correspondence with the author.
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(of unlicensed to licensed labor) in response to a perceived 
penalty may be determined by the magnitude of the terms in 
the above elasticity. As was emphasized in Chapter I, the 
responsiveness of employers to a "perceived" change in 
wages will depend upon the size of the share expressions as 
well as the level of the Allen partial elasticities of sub­
stitution. Thus, even if the Allen cross-partial was of 
sufficient magnitude to suggest potential substitution, the
share of the •prohibitive task (Sn ),or PNs (say Lgl) inWt S
that task, may be sufficiently small so as to weaken the ef-

91feet of the license. Remembering the fact that nursing 
licensure (along with most health licensure) is quite vague 
(see discussion in Chapter II), it may well be that employers 
themselves view the prohibitive tasks as constituting a 
small portion of nursing services. Thus, it is possible that 
the shares of prohibitive tasks in nursing services are not 
of sufficiently great importance to cause the licensure ef­
fect to be strong. Although empirical measures of these 
"shares" are quite probably unquantifiable, perhaps discus­
sions with members of the nursing profession can provide 
some impressions.

Finally, the restrictive.effects of licensure on utili­
zation of nursing labor may hinge on conflicting aims of the 
nursing profession. As one author notes:

^In the above discussion, we refer to our framework in 
v/hich two tasks, g and f, comprise production. The point 
regarding the role of "shares" in production applies to 
the production of nursing services in which many "tasks" 
may be involved.
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It appears that the position of an occupational 
association toward manpower substitution and 
the upgrading of its own functions will be some­
what ambivalent. There is a trade-off between 
the benefits of increased "professionalism" and 
increased economic benefits. For example, if 
registered nurses allow practical nurses and 
aides to perform many of the less-skilled func­
tions nurses now perform, the professional pres­
tige of nursing will increase. However, as these 
functions are relinquished the demand for regis­
tered nurses will decline while the demand for 
practical nurses and aides will increase. This 
situation is not conducive to economic gains for 
registered nurses.92

Thus, the willingness of nurses to self-police violations
and support the aims of the license may conflict with
broader professional aims for the status of the entire
nursing occupation.

On the supply side, the strong results obtained for 
LPN suggest that mandatory practical nurse licensure may 
"discourage" potential practical nursing entrants. An al­
ternative interpretation (consistent with the empirical 
findings), that "switching" to RN training may take place, 
was found to be statistically weak. The "discouragement" 
effect seems reasonable since some potential practical 
nursing entrants may have a "marginal" interest in nursing 
and may not be willing to enter the requisite training that 
a mandatory license imposes. In addition, since practical 
nursing is on the lower rung of the nursing profession, the 
requirements across jurisdictions can be made to vary. In

 ̂Myron D. Fottler, Manpower Substitution in the Hospital 
Industry; A Study of New York City Voluntary and Municipal 
Hospital Systems, (New York: Praeger Publishers, 1972), 
p.6t



10.?
particular, if the purpose of a mandatory PN license is to 
discourage entry, these states can upgrade their Curriculum 
or requirements to include more difficult RN related acti­
vities. The fact that the "discouragement" effect in man­
datory RN licensure does not seem to exist (extremely low 
magnitude of coefficient and significance of LRN in RELR) 
may reflect the fact that those individuals deciding upon 
registered nursing as a career, just as those deciding upon 
medicine, make the commitment with awareness of the rigors 
involved and a strong intention to overcome them.

IV.6 Reduced Form Coefficients
In Table IV.3, reduced form coefficients are presented 

from the coefficients estimated in structural equations (7) 
through (12) in Table IV.1. The reduced form coefficients 
of LRN and LPN in 7' and 8' incorporate both direct and 
indirect effects discussed in Chapter III. The coefficient 
of LPN in structural equation (7) and LRN in structural 
equation (8) (both in Table IV. 1) were included in the 
estimation of these reduced form coefficients despite their 
low significance. In equations (9') through (12*), the 
reduced form coefficients of LRN (in RELW) and LPN (in RELR) 
have been estimated by deleting LPN from demand and LRN 
from supply. Equations (11') and (12') also omit the vari­
able TP in the estimation of the reduced form coefficients. 

These deletions may appear to eliminate the indirect 
effects since the effect of LRN in (9') and (11') only 
occurs through shifts in demand and the effect of LPN in
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(10*) and (12*) through shifts in supply. However, the 
effect is present in the form of a supply response when 
demand shifts along a stable supply schedule (as in 9' 
and 11’) or in a demand response when supply shifts along 
a stable demand schedule (as in 10’ and 12*).

Therefore, we estimate that the overall or total ef­
fect on relative wages of mandatory RN licensure (comparing 
PP and MP states) is to raise relative wages between 6,9 to 
8.1 per cent. The upper bound is obtained with shifts in 
both supply and demand schedules, in response to mandatory 
RN licensure, considered (that is, including the low sig­
nificance variable LRN in our structural supply schedule). 
This result represents the outcome of an unward shift in 
demand and a slight leftv/ard shift in supply. The lower 
bound results from an upward shift in demand along a stable 
supply schedule. In both cases, our results are as ex­
pected, below the direct effect of mandatory RN licensure 
in equation (7) of Table IV.1, in which relative numbers 
are held constant. Similarly, the effect of our most sig­
nificant licensure variable, LPN in supply (reflecting a 
comparison between MP and MM states) ranges between 20 and 
23 per cent. The lower bound includes the downward shift 
in demand (which was found to be insignificant) along with 
the rightward shift in relative supply, while the upper 
bound represents the effect of a rightward shift in rela­
tive supply along a stable demand schedule, This result 
eliminates the insignificant effect of LPN obtained in the
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demand estimation.

Finally, the reduced form coefficients of LPN in demand 
(-.070) and LRN in supply (.076) are also presented. We 
should again note that the coefficients were found to he 
quite low in significance in structural equations (7) and 
(8). These two reduced form coefficients are, then, results 
which may he obtained from our system hut with little con­
fidence attributable to them. The imposition of mandatory 
LPN licensure results in a decline in relative wages of 7 
per cent. This is consistent with a downward shift in rela­
tive demand, reflecting costs of violating the PN license, 
hut the primary reduced form effect on relative wages from 
LPN comes from the shift in relative supply. Similarly, 
we find the effect of mandatory RN licensure to result in 
an increase in relative numbers employed (7.6 per cent), 
hut that this effect stems primarily from the upward shift 
in demand rather than the rightward shift in relative supply.

IV.7 Conclusion
To conclude, it appears as if the effects of mandatory 

nursing licensure operate most strongly on the demand side 
for registered nursing licensure, and on the supply side for 
practical nursing licensure. Our reduced form results sug­
gest that mandatory RN licensure may have had some positive 
effect on both relative wages and numbers (in MP vs. PP 
states) primarily through a shift in relative demand. Man­
datory practical nursing licensure may have improved the
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economic and professional status of PNs (in MM vs. MP 
states) by perhaps "discouraging" potential entrants through 
a differentiation of training in mandatory states. Given 
these results, we will now briefly examine the extent to 
which a similar interpretation may be obtained during the 
period of the I96O-I97O decade, in which many states changed 
licensure from permissive to mandatory.
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Chapter V

Decade Analysis: The Effect of Changes in
Nursing Licensure Between i960 and 1970

V.l Introduction
As Tables II.1 a and b in Chapter II indicate, the 

decade of the 1960*s saw attempts by states to alter the na­
ture of both registered and practical nurse licensure from 
permissive to mandatory. Indeed, by 1971, all but two 
jurisdictions had adopted mandatory RN licensure, while 13 
states (including the District of Columbia) retained per­
missive PN licensure. In this chapter, we investigate 
whether the changes in the nature of state licensing led to 
discernible changes in relative wages and numbers (RN to 
PN) over the decade, in accord v/ith what out cross-section 
findings suggest. As we shall note, severe data limita­
tions place constraints on the degree to which the analysis 
can be carried. Therefore, this chapter should be treated 
as an initial attempt to investigate the effect of these inter 
decade changes.

V.2 Empirical Strategy
Since the data on numbers and wages that we wish to 

use are available only from the i960 and 1970 Census, we 
are unable to conduct a time series study in which state 
observations could be utilized from each year of the decade.
As a result, we examine changes in the ratio of relative 
wages and relative numbers between i960 and 1970. Once
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again, a system of dummy variables is used to measure the 
separate effects of mandatory RN and PN licensure. Thus, 
as in Chapter III, care must be exercised in their inter­
pretation.

The equations utilized consist of an equation descri­
bing changes in the ratio of relative wages between I960 and
1970, and one describing changes in relative numbers for the 

93same period, J Dummy variable LRN now receives a value of
941 if over the decade RN licensure in the jurisdiction 

changed from permissive to mandatory, 0 if there was no change 
over the decade (i.e., if the jurisdiction remained permis­
sive or remained mandatory). Similarly, LPN now receives 
a value of 1 if practical nursing licensure changed from per­
missive to mandatory over the decade, 0 if no change occurred. 
In a manner similar to that in Chapter III, we can deduce 
the interpretation of each of the licensure variables.
93”̂ As we note below, attempts to examine these interdecade 
changes in a simultaneous supply-demand framework were not 
fruitful. Therefore, we refrain from relying on such ter­
minology to describe our equations,
^Since all states in some of our grouped i960 observations 
did not alter their licensure in the same manner, we have 
been forced to alter the original i960 groupings. The 
grouped jurisdictions now include only Maryland-Delaware 
and Minnesota-North Dakota, Alabama, North Carolina, 
Nebraska, Virginia and Arizona are no longer grouped re­
spectively with Mississippi, South Carolina, South Dakota, 
West Virginia and New Mexico, This latter group of states 
did not alter their licensure in the same manner as the 
states with which they were previously paired. In addition, 
they contained too few observations to include as separate 
states.
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Thus, an equation describing changes in the ratio of 

relative wages, for an observation will be written as!
(V.l) RELW = aQ + a1RELR + a2LRN + a^LPN.

If the observation is one for which neither type of licen­
sure changed (i.e., if the jurisdiction was PP, MP or MM 
in both I960 and 1970), it will take the form:

(V.2) RELW = aQ + a^RELR.
An observation for which only RN licensure changed (a PP 
to MP observation) will be described as:

(V.3) RELW = aQ + a^RELR + a2<
Similarly, an observation in which only PN licensure changed 
(MP to MM observation) will be written as:

(V A ) RELW = aQ + a^RELR + a y  
Finally, an observation in which both types of licensure 
changed (PP to MM) takes the form:

(V.5) RELW = a0 + a^RELR + ag + ay  
Thus, the differential effects of the changes in licensure, 
as summarized by the licensure coefficients, may be obtained 
by inter-equation subtraction. Note, however, that the licen­
sure coefficients now reflect comparisons between states 
that did not change and states which changed in a particular 
manner. These comparisons are presented in Table V.l.

Table V.l
Interpretation of Interdecade Licensure Coefficients

Comparison Equations Coef f ic ient
Change in RELW 
between states
not changing and (V.3)-(V.2) a2
those changing 
from PP to MP
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Table V.l 
(continued)

Comparison Equations Coefficient
Change in RELW 
between states
not changing and (V.*0-(V,2)
those changing 
from MP to MM
Change in RELW 
between states
not changing and (V.5)-(V.2) a2+a3
those changing 
from PP to MM
Note also that the licensure coefficient of an equation des­
cribing changes in relative numbers over the decade, with 
dummy variables defined in the same manner, will make the 
same comparisons for changes in relative numbers.

V.3 The Form of the Regression Model
To control for other forces which may influence the 

change in relative wages and numbers over the decade, we 
should include a set of exogenous variables as we did in 
obtaining our cross-section results. Since our endogenous 
variables (RELW and RELR) are defined to reflect changes 
in levels, i.e., they are ratios of relative wages and num­
bers in 1970 to those in i960, it appears that our exogenous 
variables should be defined in a similar manner: ratios of
1970 to i960 levels. That is, a first specification which 
immediately suggests itself is to run the ratios of the de­
pendent variables against the ratios of the independent 
variables,^ This model, which we will refer to as the 
"change against change" model, was tested both in a TSLS and
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OLS format. In either case, the regression results obtained 
showed little explanatory power. One a priori rationale for 
these poor results might be that we are asking too much of 
the data by specifying variables in this form. That is, 
over the decade, the change in these variables may not be 
of sufficient magnitude to provide enough variation, and hence 
sufficient explanatory power across jurisdictions. In 
Table V.2, coefficients of variation are presented in both 
linear and logarithmic form (in which the regressions were 
run). The linear coefficients of variation are low, although 
the logarithmic transformation does expand the variation. 
However, this expansion of the coefficients of variation is 
due to the transformation aid the variables in logarithmic 
form are not significantly related to RELW or RELR,

Table V.2
Coefficients of Variation for 
Selected Exogenous Variables

Variable C.V.(Linear) C.V.(Logarithmic)
PPR 1970 
PPR i960 .05 .67
AVLOS 1970 
AVLOS I960 .07 .5̂
BC 1970 
BC I960 .09 .76
FY 1970 
FY i960 .05 .09

^As in our cross-section results, we use observed and 
expected wage ratios. The latter is included to adjust 
for changes in relative quality between RNs and PNs over 
the decade.
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An alternative specification, however, is available.

This model follows work by Benham, Maurizi and Reder (BMR)y 
on locational decisions of physicians and dentists. Using 
states as the unit of observation, these decisions were 
studied both in cross-section and between decades. In their 
interdecade analysis, BMR first examined changes in physicians 
and dentists per capita as a function of changes in such vari­
ables as personal income, training facilities, licensure

9 7exam failures and population. For this specification,
they obtained poor results, with t-ratios below two and low 
R s. As a result, BMR tested an alternative specification 
in which the change in the "medic" (physician or dentist) 
per capita variable over the decade was tested against ini­
tial levels of independent variables. Their results and 
rationale for this procedure are expressed as follows:

It is striking that in the regressions involving 
,/the change in "medics" per capitaJ7, it is the 
initial condition rather than the change in the 
independent variable that exerts the major in­
fluence, V/e interpret this to mean that, on a 
per capita basis, the locational response of 
physicians has been to "correct" initial disequi­
librium rather than adjust to changing equilibrium 
conditions.9°

' Lee Banham, Alex Maurizi, and Melvin Reder, "Migration, 
Location, and Remuneration of Medical Personnel: Physicians 
and Dentists", Review of Economics and Statistics, Vol. L, 3 
(August 1968), 332-3^7.
^BMR specify their "change" model with observations as 
the difference between terminal and initial levels. Our 
specification is in terms of ratios, which in logarithmic 
form result in a similar specification.
^^Benham, Maurizi, and Reder, op. cit., 3 0̂.
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Thus BMR construct their interdecade framework in terms of a 
model which explains interdecade movements of medics as 
responses to initial disequilibrium conditions. The result­
ing signs obtained on initial level independent variables 
(numbers per capita, medic income) can be interpreted as 
eliciting supply responses of medics which correct initial 
disequilibria. More specifically, BMR run interdecade re­
gressions of the form:

& •= f(x~, x!^, & X y )

*where : change in medics per capita over the decade

x^ : initial level of medics per capita

x̂ , : initial average medic income

&  X y  : change in average medic income

They argue that if initially x ’y  is "high" (above an "equil­
ibrium" level) in a state, the supply response over the 
decade should be toward that state, tending to correct the 
"disequilibrium". That is, a positive relationship should 
be obtained. Similarly, if x^ is below its "equilibrium" 
level, associated with initially high levels of X y , then 
supply responses should be generated to correct this im­
balance. Thus BMR expect a negative relationship between 
the initial number level and the change in that number over 
the decade. The change in X y  ( A x y  in this disequilibrium 
correcting framework) BMR hypothesize, is to be negatively
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A *related to A  x̂ , since "high" initial values of Xy should 

he reduced as the obverse of increases in low initial levels 
of x^.^ Subsequent empirical testing confirmed the above 
"disequilibrium" hypothesis, although the relationship be­
tween A x ^  and x^ is not significant.

BMR attempt to provide more credibility for their hypo-
X |  .Jf

thesis by alternatively running A  Xy against x̂ , Ax^, and 
Xy. While Axy is used as an endogenous variable in this 
version, no attempt is made to expand the model by making 
it simultaneous."*^ The results obtained support a process 
in which physicians were being led away from states with 
above equilibrium numbers and hence with below equilibrium 
wages. The low t-ratios obtained in this variant are viev/ed 
as being consistent with "a moderate degree of short-run 
disequilibrium (friction) in each of the various initial 
years",'*'̂ "*' BMR conclude that this moderate response of phys 
cian income over the decades reflects the fact that inter­
decade physician movement was largely in response to popula­
tion changes, and that these movements took place v/ithout
strong effects on average physician income (given a decade 

102for adjustment). In our interdecade analysis, in v/hich 

^Benham, Maurizi and Reder, 340.
■^^Perhaps BMR were faced with the same data limitations 
that constrain the scope of our interdecade analysis.
101BMR have fitted cross-section regressions with x„ as the 
dependent variable. BMR, op. cit., 343.
102Ibid., 344.
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we are primarily interested in the effect of changes in licen­
sure on relative wages and numbers employed, we will make 
use of the BMR technique of including initial decade levels 
of price and numbers.

V A  Empirical Results
Given the above mentioned limitations on data and method­

ology, we present a regression framework in which our equa­
tions describing changes in relative numbers and wages are 
estimated by ordinary least squares. These results, equations 
(l) and (2) in Table V.2, are specified in the BMR framework 
in which we include initial levels (i960) of relative wages 
(unadjusted) and numbers. Following BMR, the expected signs 
on the variables are as follows. In equation (1), describing 
changes in relative numbers over the decade, RELW 60 is ex­
pected to have a positive sign, suggesting that "above equi­
librium" relative wages will attract an increase in the RN/PN 
ratio supplied over the decade, RELR 60 is expected to be 
negative since "below equilibrium" relative numbers juris­
dictions will be associated with higher relative wages, and 
therefore be able to attract greater relative numbers. RELW, 
the change in relative wages, is also expected to bear a 
negative relationship to RELR since changes in numbers will 
be associated with opposite movements in wages over the 
decade (see the BMR interpretation above).

In equation (2), RELR 60 is expected to be positively 
related to RELW, reflecting an adjustment in RELW to an ex­
cess or above equilibrium initial supply. That is, below
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Independent
Variables
RELR

RELW

LRN

LPN

RELR 60 

RELW 60 

RWEX

INTERCEPT

R2
DEGREES OF 
FREEDOM

Table V.2 
Interdecade Regressions 
Dependent Variables

(1)RELR

.37
(.74)
-.091(-1.20)
.024
(.30)

(-1.84)
.16
(.33)

.  50 ■#..£

(2.05)
.05

25

(2)
RELW

.07(.86)

-.03
(-.85)
.02
(.62)
-.11
(-1.96)
— .78 # # #(-6.10)
-.17(-1.01)
.29(3.12)
.55

24
Note: All variables except LRN and LPN are expressed in

natural logarithms. All regressions were weighted 
by square root of 1970 jurisdiction’s population.
** significant at .05 level 
*** significant at .025 level 
All for one-tail test.
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equilibrium initial numbers will be associated with above 
equilibrium wages, resulting in a decline in wages over the 
decade as the RN-PN ratio in those states increase. RELW 60 
is expected to have a negative sign, since where RELW 60 was 
low (below equilibrium) one would expect an excess supply of 
RNs to PNs. As this expected supply adjusted over the decade, 
RELW would rise, RWEX, the ratio of expected relative wages 
in 1970 to I960, is expected to be positive. As relative 
quality increases over the decade, we would expect this to 
be reflected in an increase in the ratio of observed rela­
tive wages. Finally RELR is expected to have a..negative 
sign. As relative numbers increased over the decade to high 
wage jurisdictions, we would expect to observe some decline 
in those relative wages.

The signs on the initial level wage and number varia­
bles do not entirely conform to predictions based on the 
BMR "disequilibrium" model, and not all the variables are 
significant. In equation (1), some support is found for 
the disequilibrium notion. RELR 60 is significant (at .05 
level) and has the correct negative sign, suggesting a move­
ment of RNs to PNs out of areas where relative numbers are 
in excess supply and to areas where the RN/PN ratio is 
below equilibrium. Although the positive sign of RELW 60 
supports this interpretation, its t-ratio does not exceed 
unity. RELW fails to attain significance, nor does its 
sign agree with predictions based on the BMR model. In
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equation (2) RELW 60 is negative and highly significant, 
correctly conforming to the BMR notion that "below" equili­
brium initial relative wages result in increases over the
decade. This would reflect greater relative numbers (RN/

103PN) moving from low to high earning areas. J However, 
the sign of RELR 60 is negative and does not support the 
notion that relative wages will fall over the decade when 
initial numbers are low, as BMR predict. Neither RELR nor 
RWEX has signs which conform to expectations previously 
stated. From the above, then, there appears to be some 
fragmentary evidence that these disequilibrium forces may 
contribute to changes in state relative numbers and wages 
of nursing labor.

The results for the licensure coefficients in each equa­
tion are not particularly robust. If registered nurses were 
viewing the imposition of a mandatory license as a tool to 
improve their economic position (note the statement at the 
beginning of Chapter III), it does not appear to have done so.

^It should be noted that licensure is not viewed as a 
considerable barrier to interstate mobility since most 
states have reciprocity and endorsement agreements.
1QZ,,Caution must be taken in attributing the strong negative 
relationship of RELW 60 to RELW in equation (2), solely to 
these disequilibrium considerations. If measurement error 
is present in RELW 60 (as a result of reporting error in 
i960 RN or PN earnings or hours of work), the coefficient 
of RELW 60 may have a negative bias. For example, if RELW 60 
is overstated, then our dependent variable RELW (which is 
the ratio of RELW 70 to RELW 60) will be understated, build­
ing in a negative bias in our regression coefficient. A 
similar caveat is appropriate for RELR 60 in equation (1).
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The sign of LRN in equation (2) is incorrect (comparing states 
that did not change to those changing from PP to MP) and its 
t-ratio is below unity. LPN also does not have the correct 
sign and its t-ratio is quite low. Given these weak re­
sults (with the data limitations of our analysis in mind), 
there does not appear to be much support that, over the dec­
ade, the imposition of a mandatory license had much effect 
in increasing the relative demand for RNs to PNs. Perhaps 
over time, employers in states are able to gain information 
as to the efforts made to detect violations and the proba­
bilities of being prosecuted. Or, perhaps these weak ef­
fects reflect inertia or frictions in the adjustment process.

In equation (1), LRN is the only licensure variable 
with a t-ratio exceeding unity (its t = -1.20). Its nega­
tive sign, as well as its significance, is in contrast to 
results obtained in the cross-section, where the RN licen­
sure variable was positive and quite low in significance.
The negative effect in this variable in the interdecade con­
text may suggest some deterrence to the growth of RNs to 
PNs, when states which did not change their form of licen­
sure are compared to those changing from PP to MP. Perhaps 
this reflects a "discouragement" effect taking the form of 
a desire by nurses to constrain entry and thus upgrade 
their profession through more rigid requirements. For exam­
ple, there has been a growing tendency in the (registered) 
nursing profession to push for continuing education require-
ments.'1'0^ In any event, the limited statistical analysis 
10^See, for example, Kelly, "Nursing Practice Acts," 1318.
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presented does not seem to warrant strong statements re­
garding the restrictive effects of licensure on either rela­
tive wages or numbers over this period.
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Appendix I

A: Effects of Demand and Supply Schedule
Slopes on Total Welfare Loss

The potential welfare loss to society, as was noted
in Chapter I, consists of two components. Diagrammatically,
this consists of the area bordered by ABODE:

i

X

the sum of parallelogram ABDE and triangle DBC, This area 
may be represented by i(DB)(LC) + (X^-Xq )(EA) or in our 
notation ft(X2-X^) + t(X^-Xg) since DB = EA = t and 
X2 - X^ = LC. We may observe the effects of changes in wel­
fare resulting from changes in the slopes of demand and 
supply schedules by specifying the equation system resulting 
in the above equilibrium prices and quantities.

Consider the following basic model of the above market:
(1) p = a-bX (Demand Schedule, D)
(2) p = d+eX (Supply Schedule, S)

^Demand = ^Supply (Equilibrium)
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To solve for Xq (point A in diagram), substitute (1) and

(2) into (3)j / m  y = §^dA0 b+e
Equilibrium quantity may be found by specifying the
equation system to include the respective shift parameters:

(1') p = a-bX+°< (Demand Schedule, D')
(2') p = d+eX+t (Supply Schedule, S')
O ' )  ^Demand = PSupply (Equilibrium)
Note: t y  0 when X Xq

To solve for X s u b s t i t u t e  (1') and (2') into (3'):
/ y - a-d-t+o<

A1 b+e
Similarly, X2 may be found by noting that it is the equili­
brium quantity resulting from intersection of (1') and (2),
Therefore, equating (1') and (2), we obtain:

y _ a-d+<*
(6) 2 “ "b+i-

Our expression for the area of welfare loss is
(7) w = it(x2-x1 ) + t(x1-xQ).

X^-Xq may be found by subtracting (k) from (5)«
Y y - °< -t A1"A0 “ b+e

Similarly, subtraction of (5) from (6) results in Xg-Xj:
X -X = —i—2 A1 b+e

Substituting in (7) for welfare loss W, we obtain:
« = + t(£ f )  or. (8) w =

To find.the effect of a change in the demand slope on wel­
fare loss W, differentiate (8) with respect to b:

*9 vi _ -t (o< -#t)
"9 b (b+e)^
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*9 wSince «*>t, it follows that apj- <0. Therefore, as the 

slope of b (in absolute value) rises, the welfare loss re­
sulting from licensure diminishes.

To find the effect of the supply slope e, on welfare 
loss W, differentiate (8) with respect to e»

=§e ° ^ 0> as before-
Therefore, as supply slope e becomes larger, welfare loss
diminishes. Hence the larger the slopes of demand and sup­
ply schedules, the smaller the welfare loss due to imposi­
tion of licensure.

Bs Effects of Changes in Demand and Supply 
Slopes on Rent to Incumbents

The rents to incumbents generated by licensure consist
of the area (P^-Pq )•(Xq ) in the above figure (page /A5). To
obtain the effect on this rent, of changes in the slopes of
demand and supply schedules, we differentiate R = (P^-Pq )(Xq )
with respect to demand slope b and then supply slope e. The
differentiation takes the following general forms

  = <Xn)? (V P0>. + ^ (X0> • (Pi-P(J*Slope 0 ^  slope ^  slope
Note that since we are dealing with rents obtained by those 
already in the occupation (i.e., rents accruing to XQ ), the
term ^  ̂ 0  ̂ = 0. Thus, the above differentiation reduces

“DSlope
Slope <*0> •̂ ,slope°- •

From the above, it was show that XQ = . PQ may be
found by substituting the solution for Xq in ( M  above, in 
say, demand equation (1): PQ = a-b £§ip|j = .
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may be found by substituting the solution for X.̂  in (5),
in say, equation (1*)*

-d - v fa-d-t+^1 , ev _ ae+bd+bt+ote - a-D|_ b+e j + - b+e

Subtracting PQ from P^, we obtain:
p T5 - ae+bd+bt+t<e-ae-bd _ bt+Pfe 
rl"^0 “ b+e b+e *

Substituting the above results in the expression for R, we
obtains R - .

Differentiating with respect to demand slope b, we obtain:
*C>R -  ^(Pt-Po) / „  t  _  e(t-««) rr
^ b  -  ’ ( X o } “  T bTFF • X 0  *

Since e, (b+e)2 , XQ > 0 ,  and (t-c*) <  0 (i.e., the demand
R

shift exceeds the supply shift), 0. Therefore, as

the demand slope increases (in absolute value), rents to
incumbents decline.

To find the effect of a change in rents due to a change
in supply slope e, differentiate R with respect to e:

_ 'Ti (P,-P„) /„ \ _ b(c*-t) ,v^  " %  -I  -°- ‘ (xo } " T b ^ F  * (xo} *
Since b, (b+e)2 , XQ >  0 and (e*-t) >  0 , ^ |  >  0.
Therefore, as supply slope e increases, rents to incumbents
rise.
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Appendix II

Derivation of Demand Elasticities from 
Output Maximization Process

Given the output maximizing process described on 
pp. 15-21, we totally differentiate the first order con­
ditions (p.17) to obtain:

0+wgidLgl+V aV +wfiaLfi+wHaL«=d0-̂ Li3dWi5
wgld +QgggI g U dLgl +QgggLgl2dLg2+9gfgLgl f 1 dlf 1 +9gfgIgl f 2= ̂ Wgl

 + “M g2i ........... ,+Q gT 0 + ,gg Lg22 g2

’ +l̂ f f ̂Lf 11 ̂ Lf 1+ ' , =^dWfl

Wf2d +QfgfLf2gldLgl+ ' , +...........+Q^fff Lfll fl J

AdWf2 ̂
Substituting W. . = ^idLi.j

13 A
i = (g»f) from first-order 
3 = (1,2)

conditions and rewriting the above, we obtain: 

I  0 QggLgl QggLg2 QffLfl QffLf2 ^

Q g S L g l QgggLgll‘ 1 * * ,QgfLglf2

QggLg2 QgggLgl2*

QffLf2 QfgfLf2gl QfffLf22J

13

dLg2
dLfl

dLf2
The determinant of the first matrix on the left- 

hand side will be referred to as A  . Therefore
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using Cramer's rule and assuming

i) awg2 - awfl = <wf2 = o 

ii) do - = o

we obtain the result that dl * “ XdWg^
g A

where A  ^  is the cofactor of dWg  ̂ (second row, second column

of matrix on last page). Substituting from first-order con­
ditions (derived in Chapter I), A = fgflgl, we obtaini

V
Qff'gLffl^lldWcl 

dLgi “ &

, 9a eigiAn
3 V  V  A

as the compensated substitution effect on due to a per­
ceived change in its wage, If  j ,  In elasticity form,

( D T f W . w e i  ’ “ Qfef % —  •

Multiplying the last term of the expression by
S , £ « Lgl we obtaini 
Q g £

(2)f\Lgl,Wgl " 5g« . gIglLgl . jJ^~2 * “
Q g gl A

SQ»g ' SgLgl • L^2 *
where , S T t have been defined above in the text.Q»g g#Lgl
Note that from the text we have shown
Q * Qgg+Qff = Qg^LglLgl+QgSLg2Lg2+QffLflLfl+QffLf2Lf2‘
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Substituting in (2) we obtains

■ V*W- VftrirtY-'VaAAt

where the last term is defined as the Allen "own" partial 
elasticity of substitution for C~Lgl,Lgl "ithln task «*

(lt,̂ \Lgl,Wgl “ SQ,g • SgLgl^lgl,lgl 
Cross elasticities may be obtained in the same manners

(5)'Alig2,Wgl = SQ»g * SgLgl * ^Lgl,Lg2 
where G~Lgl Lg2 *s A^len Partial for the change in de­
mand for V  due to a compensated change in . Using the

above, an elasticity of substitution term may be obtained.
Since dL . = dWLglX^ll = dWLgjQA g l A l l  and

g A  WLgl A
dl 9 » dWg i A A  12 = dWLgiQggLglAl2 we can obtain, using 

g A  »Lgi A
the same substitutions as before, (multiplying by

T&- = fjst . Ssfgsl • Ail = f̂ sl • s, . s fogl>lgl
Lgl wgi Lg.l A  wgl
and noting that dL^, dWffl are percentage changes,

V  V

<6) EIgl = EWgl • sa,g • Sg,Igl^Lgl,Lgl' Similarly,

<7> Elg2 ’ EWgl • s8,g • sg , l g l W , l s 2 -  Subtra°ting 
(7) from (6) we obtains

ELgl “ ELg2 = EWgl * SQ,g * Sg,Lgl jjjLgl.Lgl~Egl,Lg^]



0r' (9) = Sq,g * Sg,Lgl “ ^ L g l , L g z ]  •

an expression for the elasticity of substitution (presented 
in the text) between Lgl and Lg2 for a change in V -

Proof of Footnote 26t
In footnote 26, we assert the following constraint on 

the Allen partial elasticities!

SQ,Lgi • ̂ Lgl,Lgl+®Q,Lg2* 5igl,Lg2+SQ,Lfl *̂ Lgl,Lfl+SQ,Lf2*

3̂”Lgl , Lf 2 " 0
As Allen shows, p. 50̂ » this result is obtained by expanding 
the matrix of 1st and 2nd order marginal products by alien 
cofactors. That is, given the matrix of the total differ­
entiation of first-order conditions (Appendix II, p. 130), 
we expand the cofactors of the 2nd row by elements of the 
first rowt

(1) QggLgl^Lgl1+QggLg2 ̂ Lgl2+QffLfl^ Lgl,Lfl+QffLf2 *
^Lgl,Lf2 = °*

By definition, the Allen partial elasticity of substitution 
is, say for (2) (T = 9&igu

Multiplying the right-hand side by ^g*gLgl, the marginal
Qg,gLgl

product of Lgj in we obtain!
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(3)^x.gl L - - ygLgl-9- A  telllr- . Note that 

SQ,L_1 ~ ^g^Lal'^gl since from the properties of linear6X Q

homogeneous production functions and Euler's Theorem, 

Q=Qgg+Qff=QggLgl+QggLg2Lg2+QffLflLfl+QffLf2Lf2*

Therefore, W  CTL i = yLglAigii
gl> 81 gl 9*I*gl

<5> SQ,tglClgltlgl “ V l g l  ̂ Lgll .
Lgi A

For the remaining Allen partials Lg2' <̂ Lf 1 Lgl* 311,1

^~Lf2,Lgl we can ol>'fcâ n similar results. For say 0

^~Lgl,Lf2 = Q^Lgl.Lf2. Multiplying by QffLf2 we
Lgl*^f2 A  QffLf2

obtain, (7)^Lgl.if2 “ V i - f Z ^ - A ^ l . ^ g  = VLfzALgl.LfZ
gl* f2 * f Lf2 A  gl Q,Lf2 A

so, (8) SQfLf2^JLgi,Lf2 = QffLf2-ALgl.Lf2. Similarly,
Lgl A

SQ,Lfl^Lgl,Lfl = QffLflAlgl.Lfl and
LglA>

(10) SQ,Lg2*OLgl,lg2 “ QgfLg2^Lgl,Lg2 .
Lgl w A
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Substituting for expressions in (1), we obtaini 
( U ) LglG"LglfLgl+LglASQ,Lg2 ̂ LgifLg2+

Lgl^Q,Lfl ̂ Lgl,Lfl+Lgl^SQ,Lf2 ̂ Lf 1,Lf2 = 0.

Dividing both sides by LglA., we obtaini

(12) SQ,Lgl^Lgl,Lgl+SQ,Lg2^Lgl,Lg2+SQ,Lfl ̂ g l ,Lf 1+

SQ,Lf2^Lgl,Lf2 =

Note that the Allen partials incorporate substitution of 
labor within tasks (i.e., as wel1 as substitution
of tasks (i.e..^gifLri).



Appendix III
Derivation of Form of Relative 

Demand Schedule
In Chapter III, we obtain a relative demand function 

which is used to empirically test for the effects of nursing 
licensure. In this specification, relative wages are shown 
to be related to relative numbers, relative "expected" wages 
(defined in Chapter III) and other exogenous variables.
This result may be obtained from the following cost mini­
mization procedure.

Define the production function to be of the CES variety:

where x is either hospital output or nursing services, 
and H2 are registered and practical nursing inputs in ef-

the constant elasticity of substitution between any two in­
puts, a standard result for a CES function. We also define 
the following relationships:

where and Ng are numbers of registered and practical 
nurses, a^ and a2 are indexes of efficiency per registered 
and practical nurse, W.̂  and W2 are actual wages of registered

A
and practical nurses, and and W2 are the quality-adjusted 
wages for each nursing group. We assume the price of Z to 
be one dollar.

(1)

ficiency units, Z represents other inputs, and is

(2) ^  = a1N1 A

(3) H2 = a2N2

(4) Wx = a ^

(5) W2 = a2W2
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The total cost of utilizing these inputs can he expres­

sed as:
. _ _ A A or(6) C = Z + + W2H2

(6a) C = Z + W1N1 + W2N2

Minimizing (6) subject to (1), i.e., minimizing the following
Lagrangian expression,

A A
(7) G = Z + + W2IH2 + A )

results in the following first-order conditions for and H2:

- . A « A -,,+w = o

= W0 - ^ r-(,+'6 ) « H “ ( 1+6) = o2 2
where R is the expression in brackets in (7).

Expressing the conditions in terms of the marginal rate 
of substitution between H, and Hp yields:

A
-a+B)i .

^  - (l+B )2 2 \*2
aH,

Rewriting in natural logarithms, we obtain the following in­
verse demand expression:

= In
K )  - <i+p ) i n 6 )

Substituting rr = 1 , and definitions in (2), (3) and (*0,
1+p

we obtain:
In

In

I!I 

[ %) =

= In

= In
^2,
<*1
2

/a x\
+ l n k

aini
V 1" a2W2 or.

ln I R7  + <1- # ) ln



137
the form of our equation developed in Chapter III and tested
in Chapter IV. Note that ^1 can be viewed as the ratio of

a2
"expected" wages. The rationale for inclusion of our other

t/ iexogenous variables is based upon the fact that In —-—  ,
*2

which measures the portion of relative demand independent of 
our slope variable (relative numbers) and the expected wage 
ratio, may depend upon such factors as licensure, length of 
stay, physician-population ratio, etc.
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Appendix IV

A. Summary Statistics, i960 Cross-Section
1, Variables in Arit]

Variable Mean
RELW 1.50RWEX 1.20
RELR 2.77LRN* .48
LPN* .19PPR 1.20
TP 2.20
PY 5367.40
GB .22
AVLOS 7.35OCR 73.67BC 3.50AVBS 120.52BDPN .24

Standard Coefficient
Deviation of Variation

.17 .11.06 .05

.70

.5°.40
.25 1.04

2.11
.28 .231.28 .58

950.90 .18
.08 .36
.95 .134.71 .06
.54 -1548.08 .40
.21 .88

2. Variables in Natural Logarithms*
RELW .40 .11 .28
RWEX .18 .05 .28
RELR .99 .25 .25PPR .16 .23 1.44TP .60 .65 1.08
FY 8.57+ .19 .02GB 1.61 .41 .25
AVL0S 1.99 .13 .07OCR 4.30 .06 .01
BC 1.24 .16 .13
AVBS 4.72 .37 .08

* Binary variable + Absolute value



B. Unweighted Regressionst i960 Cross-Section 
TSLS Estimates of Relative Demand and Supply Equations

Dependent Variables
Independent
Variable's
RELR

RELW

LRN

LPN

RWEX

AVLOS

PPR

6B

FY

(1)RELW
-.24 (-1. > (-2.76
(-l.l?j*„

.089
(1.59)*»*
(3.75)
-.017
(-.251)
(-.59)
.10
(.23)(.54)
.37 
(U. , (2.8i:(1.19)*** 

)

(2)RELR

1.99
(*99) *** (2.62)
—. 087
(-.45)
(-1.19)
.34
(1.49)***(3.95)

-.36 *(—2 • 72 )*** (-6.42)

(3)RELW
-.08 
(-55) * (-1.79)

.069
if *{}***(4.76)
-.025(-.46)
(-1.50)
.09
(.2,
(.75
(.23j

.38
(1.̂ ). **«•(4.56)
-.34 ,**
(-9.78
.093 x(1*79)***(5.84)

1.13(1.48),**
(3.92)

(4)RELR

(i^8)„,
(4.41)
-.13
(-.69) ,* (-2.06)
.38 ,
(1.7?)***(5.24)

(-2.99j***

1.31 *
(1.93)***(5.75)
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Equations (1) to (40 (continued)

(1) (2) (3) (4)
INTERCEPT -.11

(-.20)
(-.47

f9.46
(-1.30)***
(-3.45)

-.11
(-.25)(-.82)

-11.29
(-1.75)(-5.22)

T-RATI0 ADJUST­
MENT FACTOR 2.36 2.65 3.26 2.98
DEGREES OF
FREEDOM 2 2 2 3(DEGREE OP 
OVERIDENTIFICATION)

Notei First row of figures in parentheses are Dhrymes* 
t-statistiesj second row contains adjusted t or 
Z-statistics. All variables except LRN, LPN, and 
BDFN are in natural logarithms.
* significant at ,10 level

** significant at .05 level
*** significant at .025 level

All for one-tail test.



Independent
Variable's
RELR

RELW

LRN

LPN

RWEX

AVLOS

PPR

AVBS

BC

OCR

GB

14-1 •
Equations (5) to (8)

Dependent Variables
(5) (6) (7) (8)RELW RELR RELW RELR

-.07 -.11
(-.51) * (-.74)
(-1.87) (-1.03)

1.10 1.42
(i.u) (HI!***(1.21) (2.22)

-.049 -.02 .093 * -.04
(.91).*** (-.14) (l.?l)*** ( ‘(3.33) (-.15) (2.65) (

-.34)
-.49)

-.01 ,26 * -.05 *28 *
(-.17) (1.79), (-.88) 1-|7***(-.63) (1.92) (-1.22) (2.82)
.33 4 .08 
.73)\*** .21(2.67) (.29)

f e h *  (1:12}***
-.28 -.31 *(-2.06)*** (-2.79)***
(-7.54) (-3.88)
-.11
(-1.03)***
(-3.77)

-.25 (-1.62 »** 
(-2.25)

.10(.21)
(.77)
.10 * .08
(1,84)*** (1.49)**

I)(6.73) (2.07)
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Equations (5) to (8) (continued)

Dependent Variables
Independent
Variables (5)RELW

(6)RELR (7)RELW
(8)RELW

FY .81 * 
(2.08)

.92
(2.29)*.,(3.27)

TP .07(.86)
(.92)

.07(.84)
(1.20)

BDPN -.30(-1.22)
(-1.31)

-.29(-1.10)
(-1.57)

INTERCEPT — .43
(-.23)(-.84)

-6.41 -.08
(-.19)(-.26)

-7.50 * 
(-2.01 »*» 
(-2.87)

T-RATIO ADJUST­
MENT FACTOR 3.66 1.07 1.39 1.43
DEGREES OF 
FREEDOM 2 5 2 4
(DEGREE OF 
OVERIDENTIFICATION)

See page 140 for symbols and description of table.
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Independent
Variable?
RELR

RELW

LRN

LPN

RWEX

AVLOS

PPR

BC

GB

FY

TP

Equations (9) to (12)
Dependent Variables

(9)RELW
- . 1*
(-.96)
(-1.25)

.077 
(1*69) (2.20)*#*

.14
(.38)
(.49)
• 56 *
(2.01 )^f (2.61)***
-•34 **

-.22
(-1.45),
(-1.89)
.08(1.60)**(2.08)**

(10)RELR

.25 (2.48 
(3.653

«*
*«*

.84 
(2.74) 
(4.03)
.07(.84)
(1.23)

#**
***

(11)RELW
-.15(-.98)(-1.06)

1.24 * 
(1.77)*** (2.60)

.078
1.69)*(1.83)

(.39)(.42)
• 57 »(2.02)** (2.18)
-.34 
(-3.093 (-3.34)
-.22(-1.46)
(-1.58)
.08
(1.59)*(1.72)

(12)RELR

1.24 *
(1.78)***
(2.47)

.24 
(2.42) 
3.36

**
**»

.89 
2.97) (4.13)

***
***
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Equations (9) to (12) (continued)

Dependent Variables
Independent Variables' ' (9)RELW

(10)RELR (11)RELW
(12)RELR

BDPN •* -.29(-1,20)**
(-1.76)

-.42(-2.22
(-3.09

INTERCEPT -.18
(-.43)(-.56)

-6,74 **
m u -

-.19(-.44)
(-.48)

-7.11(-2.54
(-3.53

T-RATIO ADJUST­MENT FACTOR 1.30 1.47 1.08 1.39
DEGREES OF 
FREEDOM 3 (DEGREE OF OVERIDENTIFICATION)

5 2 5

See page 140 for symbols and description of table.

**
***

**
***
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