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Abstract
This research exames the relationships between firm efficiency and choice of organizational form
using a seen year panel data set of 586 life insurers. Our study window is from 1985 to 1991. We
began the study with two questions in miHidlo stocks and mutuals use different production technologies?"
and "Are stocks and mutuals equaficient or is one form relatively more efficient than the other?" Using
some cost and error structure tests that resemble those found in recent efficiency studies, we find evidence
that stocks and mutuals have distinctive strsictures and production technologies. Results also show that

efficiency varies with organizational form, with stocks being more scale efficient than mutuals but mutuals
being more X-efficient than stocks.

1. Introduction

According to the American Council of Life Insuran@&CLI), stock and mutual firms jointly
accounted for most (about 98 percent) of the life insurance business in force in the United States in 1989.
Fraternal organizations, mutual savings banks and certain federal government insuring organizations
accounted for the remaining two percent. Stocks are more prevalent than mutuals, as evidenced by the fact
that at the end of 1989, over 94 percent of the 2,270 U.S. life insurance firms were stock insurers and almost
five percent (117 firms) were mutuals. However, mutuals are, on average, much older and larger than stock
firms, accounting for about 4@gent ofall assets held by life insurance companies and 38 percent of all life
insurance business inrée in1989. In8m, these statistics suggest that neither form dominates the market,
and leaves open the possibility that each serves a distinct and economically important function.

If the two forms serve separate functions, then one might expect them to use different production
technologiesand through duality, have distinctive cost structures. Differences in input requirements,
output choices anarket forces ight distinguish the technologies, for example. A simple way of testing for
such differences is wase a "dummy variable approach"--allow organizational form to affect linearly the two

forms cost structures, production technologies or error terms through one or more dummy variables. The

HUnless otherwise denoted, all statistics cited in this section are from the 1990 Life Insurance Fact Book
American Council of Life Insurance, 1990.

™Most mutual firms have been in existence for more than 25 years, and about 20 percent began writing
business beforhe turn of the century. In comparison, most stock insurers (about 70 percent) are relatively
young firms, having been established since 1965 [ACLI 1990].
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dummies are typically used to test for differences in a subset of the regression or likelihood function
parameters (e.g., seettmads used ibrace and Timme [1992] and Gardner and Grace [1993] in considering
the relationship between organizational form kilednsurer costs). However, the dummy variable approach
may not provide accurate results, if organizational form influences or is influenced by all aspects of the
cost/production relationship.

One way of overcoming the deficiencies is by allowing all cost/production function parameters
and the erroterm to vary with organizational form. We use this approach in considering the relationship
between organizational form and efficiency.

We begin by using a series of cost structure tests developed by Mester [1993] to attempt to
determine whether stocks and mutuals do indeed employ differing production technologies. We find that
cost struatires and production technologies differ significantly between the two forms and cannot be
accurately modeled using a single cost or production function. In the second part, we use some cost and
error stucture tests to consider whether stocks and mutuals are equally efficient or whether one form has
a clear efitiency advantage over the other. Results show that mutuals are on average more X-efficient than
stocks but that stocks are more scale efficient than mutuals.

The remander ofthe paper is organized in the following way. Section 2 discusses some similarities
and some potentialftBrences bisveen stocks' and mutuals' production technologies. Section 3 explains the
paper's cost function aedrorterm decomposition methodology. Sections 4 and 5 contain the cost structure

and error term comparison test results, respectively. Section 6 concludes the paper.

2. Background and Review of the Literature

Until recently, extant research often relied on narrative descriptions, conventional comparisons of
means tests, or regression methodologies in considering the relationship between life insurer efficiency and

organizational form. Such methods wesed by Houston and Simon [1970], Spiller [1972], Geehan [1977]
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and [Boose (1990)] in examiningférences irstock and mutual insur@erformance, by Hetherington [1969]
and Kreider [1972] in considering the merits of policyowner control (mutuals) versus shareholder control
(stocks),and by Mayers and Smith [1986] and McNamara and Ghee [1990]}dging motivations for
demutualizationconverting frommutual to stock form for example. The research provides much assistance
in understanding life insurer expense behaviors. However, its usefulness in understanding the relationships
among costfficiency and organit®nal form is limited by the fact that it does not employ an econometric
cost/production function methodology.

Some recenstudies have employed a production/cost methodology in examining the relationship
between organizational form and firm cost structieace and Timme (1992)] and [Gardner (1992)]. Using
an agency theory framework arastdata fronthe National Association of Insurance Commissioners (Grace
and Timme use data from 1987, Gardner, from 1990), the researchers hypothesize that avecagestotal
should be higher in mutuals than in stocks. Both studiesuseaximum likelihood estimates of hybrid
translog cost furtions to determine whether total costs seem to depend in part on organizational form. One
likelihood function allows orgapational form to affect output quantities and input prices linearly; the other
allocates any organizational form effects to the error term. Results from F-tests reveal thatasitput
efficiencies such as size and product mix efficiencies appear to be influenced by organizational form.

This finding was not confirmed by a recestiidy conducted by Gardner and Grace [1993]. In that
research, we used six years of NAIC data (1985-1990) and estimated cost functions for each year, allowing
any organizational forreffects to becaptured in the error terms. We then performed a series of econometric
tests on therror term anddund that firmefficiency was not strongly related to organizational form. In other

words, stocks and mutuals may be equally efficient operators, everything else the same. This result leaves

M0 An implication of this result is that firms having the kf§igient form theoretically should either switch
to the more efficient form oxé the market. In practice, it is interesting to note that some (about 15) mutual
insurers have converted to stock form, while at least two insurers have changed from stock to mutual in the
past 25 years [ACLI 1990]. A.M. Best (1992) reports that while stock companies account
for 94 percent oélll industry firms, they account for 97 percent of all insurance company failures during the
period 1976-1991.



4
open the possibility that stocks and mutuals co-exist because they serve different purpodgsSitiféne
insurance market.” If such is the case, then it seems reasonable to expect production technologies and
through duality, cost structures to differ between the two forms. As Mester [1993] argues, such differences

may be evidenced empirically by dissimilarities in cost function parameters, error terms, or both.

oot Sych an argument has been made by Mayers and Smith [1983] with respect to the U.S. property and
liability insurance market and by Hansmann [1985] with respect to the life insurance market. However,
Hansmann provided no empirical tests of his hypothesis, leaving an interesting void in the literature.



3. Methodology

3.1 Data Sources
This study employs cross-sectional data gathered for 586 firms operating in the U.S. life insurance

Hokkk

market duing 1985-1991" All sample firms had complete aotiemically tractable variable information
and collected premiums (and in many cases, annuity considerations) during each year from 1985-1991.
Three sources provide the data: (1) the National Association of Insurance Commissioners (NAIC)
life insurancecompany data tapes (1984-1991), (2) Best's Key Rating Guide, and (3) the Bureau of Labor
Statistics. Most of the data needed for the stuahe gathered from theA\IC data tapes. Organizational form
information was obtained from Best's Key Rating Guide and state wage rate information was gathered from
the Bureau of Labor Statistics.
3.2 Variable Definitions
Given recent findings, it seems possible that differences in organizational form may account for at
least part of any dispgtes between observed and efficient costs. An important question left unanswered by
their research is "how diifferences in organizational form account for differences in firm costs?" One way
might be that stocks and mutuals useimigar production technologies. Stocks and mutuals may also differ
in the types of inputs they use (e.g., labor; as Mayers and Smith [1988] suggest the decision-making skills
of mutualmanagers may differ from those of stock managers) and the types and amounts of outputs they
produce, for instance. If such is the case, it is possible that stocks and mutuals may be using different but

equallyefficient technologies. However, some cost structure differences may not be efficient. For instance,

mutuals may make éfficient degsions about labor input usagey may be paying labor "too much" or may

O The initial sample consisted of all lifisiirance companies with financial information reported on the
NAIC 1985, 1986, 1987, 1988, 1989, 1990, and 1991 data tapes. Firms with missing or negative values for
any output or input variable, or organizational form designaténe deleted from the sample as were insurers
with otherwise suspect data. As a result we have 586 firms with data for all seven years for every variable
employed in the study. Our sample firacsount for approximaly 42 percent of the direct premiums written
in the U.S. life insurance industry during the time period considered.
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be employing "too manyWVorkers to produce a certain level of output. Either practice increases actual costs
above dicient levels and is evidence of the well-known agency-theory perquisite problem. In contrast, the
market for corporate control may force stock insurer management to employ inputs in a cost-minimizing
(share-holder wealth maximizing) way, thereby mitigating the management perquisite problem [Hansmann
(1985)]. Finally, it is also possible that organizational form does not significantly affect firm costs.

Our analysis tests the ntlypothesis that organizational form does not significantly affect firm cost
structures or error terms. Wegbeby estimating seral st unctions. To do so, we need information about
the prices that life insurers pay for inputs, the quantities of outputs produced and production costs. Each set
of information is described in a subsection below.
Outputs

Like the products of other financial services firms, thewstproduced by life insurers are intangible
and therefore are difficult to measure. We follow convention and define outputs as the dollar amounts
of: (1) ordinary life insurance premiums (y ), (2) group life insurance premiyms (y ), (3) ordinary annuity
consicerations (y ),(4) group annuity considerations,(y ), and (5) group accident and health premjums (y ).
This approach is consistent with that used by several authors, including Houston and Simon [1970], Blair,
Jackson and Vogel [1975], Colenutt [1977], WeiS8§l, Grace and Timme [1992]. We recognize the firm's
investmentfunction with a sixth output, the dollar amount of securities investmepts (y ). Securities
investments arguably representaiermediate and not final output for life insurers. We include them in the
study because they represent a major activity for most companies and may account for a significant portion
of the firm's operating expenses. Note that some previous studies on the cost behaviors of financial
intermediarieslao define annvestments output [e.g., see Gilligan and Smirlock (1984) and Mester (1987)].

Table A summarizes the outputs definitions.

O The literature provides several useful discussions about the difficulties encountered in determining
appropriate output definitions and aggregation measures. We do not repeat these discussions but refer the
reader to Geehan [1986] and O'Brien [1991].



[INSERT TABLE A ABOUT HERE]
Input Prices

Outputsare poduced using tieeinputs: (1) labor, (2) physical capital, and (3) miscellaneous items.
Labor consists of home, regional, and figfiiice personnel, and agents and brokers enlisted by the company
to distributeits products. Labor expenses include salaries, wages, benefits, other employee welfare
expenditures, and commissions on direct business. The price of Igbor (w ) is computed by multiplying the
averagestatewide salary of insurance workers reported by the Bureau of Labor Statistics by the portion of
business written in the state, and summing across all states.

Physical capital includes furniture and equipment, and the office space that houses home, regional,
and in some cases, field operations. The amount of physical capital used by the firm in producing outputs is
measured by the value of physical capital assets. The price of physical capital (w ) equals physical capital
expenses divided by the value of physical capitaéts. Physical capital expenses encompass building rental
costs, equipment rental costs and depreciation, and furniture depreciation.

The miscellaneous items input is a broadly defitexd that envelops most factors used in producing
outputs other thantr and physical capital. The input consists of several diverse items, such as books and
periodicals, and postage for example. The price of miseellss items is difficult to ascertain from the NAIC
data. For empirical purposes, the input's price is assumed to be constant across all firms. Input price

definitions are shown in table A.

Costs
We define total costs asenting costs, wére operting costs equal the sumlabor, physical capital,

and miscellaneous expenses.ef@fing costs should vary with input prices gmelfactors of production. This
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definition is helpful because it allows us to consider how differing firm attributes might affect the cost of
managing firm operations.

We initially specify three cost functions. The function first will use data from all sample firms and
will allocate any organizational form effects on costs to an error term. We subsequently refecdstthis
function as the pooled total cost function,forthe second will represent average total costs for the sample's
mutual firms (the mutuals' total cost function,dr ¢ ); the thirdefilkct average total costs for stock insurers
(the stocks' total cost function, or ¢ ).

The pooledcost function is an appropriate way to represent costs if organizational form does not
influence the undtying cost structures (mathematical®y, =0°=06°, where6*is a cost function parameter
vector) or the error structures (in other woref§, =¢°, =o”, ands™, =¢°, =o”,, wheres®, ands*, are the
standard deviations of u and v, respectively). If, however, stocks and mutudistirsgive production
technologies, then the duakmae of the production/cost relationship implies that the cost structures of stock
firms are distinctive from those of mutuals,08r= 6° = 6°.

We use the superscriptwhere k=m,p, or s, to identify the appropriate function. Total costs are

mathematically represented as:

g, = Ag0,0, 06 - + Lk, (1)

where In is natural logarithm¥ ¢ is the operating cost incurred by fimtime periodt, y*, is the firm's
output vector irtime t, W, is the vector of input prices paid by the fiffhjs the vector of cost function
parameters anef, is an error term.

Using a standarerror term decoposition approach found the cost efficiency literature, we define,
In €, as the sum of two random variableseip=In ¥, +In &, (see e.g., Berger [1992]). The disturbance
In V¥, is assumed to be an indepenijedistributed normal random variable. The term“ip v should account

for differences between actual and efficiergts thaare attibutable tduck and observation and measurement
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error. We asume that E [InYy ]=0, since differences in luck and observation and measurement error should
be zero over time. Wessume the distribution of Ify is twioksd because random noise may either increase
or decrease observed costs above actual levels.

Prior to cost function estimation, we make no distributional assamspibout In ‘Ut . We assume that
In U, reflects peistent diferences betweesbserved and minimum costs. Such disparities may be attributed
to differences in management quality (i.e. good versus bad management decisions) or market pressure from
the firm's environment, for example. An important advantage of this "distribution-free" approach (DFA)
is that available software algorithms permit the distribution,db be specified ex post, rather than ex ante.
In contrast, algorithms for similar technologies such as the stodnastier often require that a distributional
assumption abouf, be made ex ante. Available distributions include half-normal, exponential and gamma,
for example. Our analysis in this and other research (see Gardn@racel [1993])suggests that the
distribution of EFE appears to be chi-square. This distribution is not included in many algorithms, but can

be easily accommodated using "distribution-free" methodologies.

4. Cost Function Estimation and Empirical Cost Structure Test Results

4.1 Cost Function Estimation

We use the hybrid translog appiroation to a multiproduct cost function to estimate total costs. As
compared tather functional forms, the hybrid translog has several properties that make it well-suited for
examining the firm's cost structure.”

The hybrid translog cost function employs the Box-Cox metric to trangfatput values prior to
estimation: Y =(y - 1). The general form of the hybrid translog for firproducing outputy using

inputsx, available at fixed prices in time period tis:

o gych properties are often cited in the cost efficiency literature (e.g. Mester [1987], and LeCompte
and Smith [1990])).
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whereln is natural logarithng, is cost, Y, represents transformed output quantities, k is p (pooled), s (stock)

FkkkH ARk

or m (mutual), and, is an error term.

We estimate each of the three average total cost functind (c , c®, and ¢ ) and accompanying share

FkkkHAKIK

equations

)*******

using full information maximum likelihood estimation (FIML The estimates are
obtained using an appropriate algorithm from the econometric software package SHAZAM. Table B shows
the representative parameter estimates for mutuals, stocks and pooled cost fun€tioris (¢ , ¢ and
R
[INSERT TABLE B ABOUT HERE]
Table C shows means operating costs for stocks and mutuals over the sevesiugigar

FhkFIIIHEKIK

period. It is interesting to note that average costs for both forms seem to decline slightly over the

interval. The reductions might be attributed to gains in input or output choice efficiencies, or changes in the

oonooEd Eor the sake of simplicity, we did not include time period subscripts in equation (2).

IO Because the parameters inhlagesequations are a subset of those contained in the cost function,
the degrees of freedom for the system of equations will be larger than the degrees of freedom for the cost
function. Thus, estimates should be neffecient when the cost functions and share equations are estimated
jointly than when the cost function is estimated separately.

OHOHOOD The share edioais, by definibn, must sum to one. Thatis S # S .+ S =1. Accordingly, joint
estimation of the share equations will yield a singular disturbance covariance matrix. Singularity can be
avoided if oneshare equation is eliminated from the model. Results gained through maximum likelihood
estimation should be invariant to whishare equation is dropped (Barten 1970). The general administrative
items share equation{S ) is eliminated from the model. Estimates for the share of costs accounted for by
general dministrative items can be obtained from estimates of the other two share equations using the
following relationship: 1-S -S 5S.

OOROHROOoon - parameter estimates for € |, ¢ and ¢ for each year are available from the authors.

OHoHOOE \We perform nosts of stastical significance on the data shown in table B and urge the reader
to interpret it with caution.
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firms' operatingenvironments, for instance. The data also suggest that average operating costs for the mean
mutual inswer seem to be lower thémose fothe average stock firm. This observation is consistent with the
existence of separate cost functions for stocks and mutuals.
[INSERT TABLE C ABOUT HERE]
4.1.a Input Shares
We derive share eqtien values by taking the first order partialidative of equation (2) with respect
to inputj:=

ae1g " "
= = B + Y [D_ -+ P D 5 + € s 3
J Py lD_j J g2=1 JjE JE l{] iy i Ji ( )

Meaninput stare vdues for mutuals, stocks, and the pooled sample are shown in table D. Note that
labor expenses account for the largest share of total operating costs’ and that the labor shares
increase over time. Opessible explanatiofor the increase may be that labor prices increased more rapidly
than other input prices during the time period studied. However this explanation seems unlikely, given the
input prices shown in table E. Anotlestplanation is that firms are changing their input allocations by using
relatively more labor and less ofadher input (say, miscellaneous items) over time. Such a change might be
observed in firms having significaaliocative inefficiencies and may be efficiency-enhancing; it might also

Fkk kAR A KKK

be evidence of a bad management decision and be efficiency-redluc¢ing:

IOl Feonomic theory requires that well-behaved cost functions have non-negative input demand
functions and that inpuedhand functions be hagenous of degree zero in input prices. The first restriction
was met by requiring the share equations to be non-negative and the second was met by specifying cost as a
function of relative rather than absolute prices before the cost functions were estimated.

OHOOOOO0000000 -+ This result is unsurprising, given that life insurers are financial services firms. A similar
result was found by Mester (1987) and Cummins and Weiss (199&nmning the cost structures of savings
and loans and property and liability insurers, respectively.

ORRCHAROO000000 -+ Much of this study is exploratory research. No tests of statistical significance have been
applied to the data shown in tablesuiil E and we once again encourage the reader to interpret the data with
great caution.
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[INSERT TABLE D ABOUT HERE]
[INSERT TABLE E ABOUT HERE]

The data in table D also shows that the physical cabitaks are nearly constant over time and differ
little between stocks and mutuals. The data in tableggest that stocks and mutuals appear to pay about the
same average price for physical capital. In sum, the data do not seem to show that organizational form
differences have significantly affected physical capital usage during the study period.

4.1.b  Price Elasticities

Economic theory requires that the matrix of first order partial derivativee afiput demands of well-
behaved cost functions be negative semi-definite. This restriction was met by (1) imposing symmetry prior
to cost function estimation; (2) obtaining narspive estimates of the own-price elasticity; and (3) obtaining
positive cross-price elasticities of demand between at least two inputs.

We use information from thghare equations and cost functions to derive the own-price elasticity of
demand equations:

6, = —+ -——=O (4)

and the Allen-Uzawa cross-price elasticity of demands:

Y;
4] =

v, :q ~—> ®)

As the results shown in Table F indicate, the own-i&sticities of demand() are negative for capital and
labor for eachast function, and the cross-price étaties of demanddj;) are positive, indicating that capital

and labor areubstitutes The estimates were derived using the relationships shown in equations (2) and (3),
and correspond to a reasonable, concave cost function. Nearly all estimates are significantd. e

level.

[INSERT TABLE F ABOUT HERE]
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Table F also reports smnalinteresting diererces between stocks' and mutuals' own- and cross-price
elasticity ofdemands estimates. For example, the Allen-Uzawa labor for capital cross-price elasticity
estimates for mutuatge reléively inelastic vinereas the estimates for stock insurers are about unitary elastic.
The differences amoticeable for all studysars andtatistically significant for the last three. An implication
is that stocks may be more likely than mutualsa@era change in input mix in response to an increase in the
price of labor or capitalOther interesting differences can be found between estimates of stocks and mutuals
own-price elasticity of demands for labor and for physical capital. While the labor and physical capital
estimates for both forms are relatively inelastic, the mutuals' estimates are more inelastic than those for the
stocks. The differences in labioput price demands are statistically significant atethe0.01 level from
1985-1991; for physical capital, thage statistically important from 1989-1991. An implication of the own-
price comparisons is that stoeke mordikely than mutuals to change the amount of a production input (say
labor) in response to an input price (say p) increase.
4.2 Cost Structure Tests

Following Meder (1993), we use a likelihood ratio test to determine whether stocks and mutuals
appear to ussimilar production technologies and therefore, share the same cost funttion (c ), or seem to
employ distinctive technologies and thus operate on separate cost functions (€ and c). Wau#st the
hypothesis H®™ =6°=6" using the usual likelihood ratio significance t&st.”" Table G reports the
test results.

[INSERT TABLE G ABOUT HERE]
For each year considered we find that statistical differences exist between the restricted and

unrestricted models. All differences are significant attle0.01 level. Thus, we reject the null hypothesis

OO - Simjlar research often uses dummyblauiests in considering the effects of organizational
form on a subset of the hybrid translog's cost functwoarpeters (e.ge, «; andp;). An important limitation
of the approach is that it does netognize any organizational foefiects on the cost function's second-order
terms. The test used this research is less restrictive than the dummy variable approach because it allows
organizational form to influence the estimates of all cost function parameters (in thiscaseé alle:;, B;,

Nit Yjg @ndp;).
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thate™ =6°=6". We find that stocks and mutuals heisinctive cost structures and, through the dual nature
of the cost/production relationship, employ distinctive production technologies. This finding is consistent
with the notion that mutuals and stocksexist in the U.S. life insurance market because they serve different
purposes. An econometric implication is that the cost structures and production technologies of stocks and
mutuals should be estimated using separate rather than pooled cost/production functions.
4.3 Output Choice Efficiencies

Estimates oray scale economies (RSCE) are shown in table H. The stock (mutual) estimates
measure the elasticity of cost with respect to output, taken along a ray emanating from the origin to the
mean output bundle for stock (mutual) firms. Results show that statistically significant increasing returns
to scale (RSCE < 1gppear to be present for the average mutual firm for all years considered and for the
mean stock company for most (five of seven) years examined. In other words, firms of either form can
realize efficiency gains by increasing overall output, ceteris paribus. Scale inefficiencies range from slight
(about 6 percent) to economically important (about 15 percent). The size of inefficiency seems to be
related to organizational form; efficiencyestimates average about 12 percent for mutuals and close to eight
percent for stocks. Differences in equity structures and thus, financing options may explain this result.
Mutuals or stocks may use premium and investment income or retained earnings to finance output growth;
however, stockmay also raise growth funds by selling equity shares on the capital market. Because output
growth financing options are more limited for mutuals than for stocks, the later form should be more likely
to attain optimal scale than therfeer. Thus, scale iefficiencies should be higher for mutuals than for stocks,
ceteris paribus.

[INSERT TABLE H ABOUT HERE]

5. Error Structure Comparisons

In the second part of our methodology, we usedhanpeters from™tand ¢ and Berger's X-efficiency

measure to determine whether mutuals and stocks are equally efficient, or stocks are moretlefficient



15
mutuals, or vice-versa. Berger [1992] defines X-efficiency as the difference between the firm's and the
industry's pesistent error terms. We adopt this definition and modify it to allow for our logarithmic
specification of costs and organizational form differer{eesadd a k(k) superscript, where k(k) = s(s) if a
stock's cost functiongpameters and data are usat] k(k) = m(m) if a mutual's cost function parameters and
data are used). Thus, we define X-efficiency as:

0000 - Oo<e0 ™™ - a0 2 (6)
When k(k)=m(m),this measure is the antilog of the differences between the log of the most efficient
mutual firm's persistent inefficiency term and the log of the persistent inefficiency term for mutual firm
r, all in time period t.
We averagehe XEFF X% values over the seven year sample period to reduce the effects of any

year-specific outliers:

=000 ‘“D

ooog @ - )

-

This approachwill probably not eliminate all outliers since differences in luck or adverse circumstances
may exist during thentire time period studied. We follow Berger and truncate the distributions of“®EFF
to reduce the effects of the remaining outliers. We truncate the average efficiency rates at the one, five, and
10 percent leveland compare the means and frequency distributions of the resulting measures to determine
where they seem to stabilize. Table | shows the means and the frequency distributidRAP and
XEFF®., Ineach case, we conclude that a five percent truncation level is optimal.

[INSERT TABLE | ABOUT HERE]

The XEFF measure is used to make relative comparisons between the average efficiency levels
of stock and mutual companies. Efficiency scores shown in Table | indicate that the mean mutual insurer's
average opetimg costsare doout 30 rcenthigher han those of the most efficient mutual; the average stock
insurer's ostsare 50 percerttigher than those of the "besagtice" stock company. Thus, the average mutual

insurer appears to be relatively more efficient than the average stock insurer.
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To facilitate further comparisons of cost function residuals between firms using distinctive
technologies, we construct two other efficiency measTieEF® and TEPf . The measures are created
by modifying XEFF and include a common reference poikk), kay). In words, the reference point is the
lesser of: (1) the minimum persistent error term for actual firms of form k (once again, stock) and (2) the
minimum persistent error term for synthetic firms of form k (also stock). The synthetic firm uses form k's
(stock inswer) tetinology and the cost data for form d éndnd is th@pposite form--in this example, mutual).
We include the reference point to facilitate efficiency comparisons between actual and synthetic firms.

We define TEFEY as:

0000} = O0<eO =" - p0 ' ®.0 (8)

This measure gauges average efficiency for firm r of form k.

Our third measure compares the persistent residual term for the most efficient firm (actual or
synthetic) using k's technology with the persistent error term for a synthetic firm of form k. To construct
TEFF® | we modifffEFF*® byadding a k(d) superscript, where k(d) = s(m) if the stocks' avéosaje
cost functionparameters and a mutual insurer's data is used, and k(d) = m(s) if the mutuals' average total
cost furction parameters and a stock insurer's data is employed. WEEHSE® to measuraverage
efficiency for a synthetic firm:

0000 @- O0<eO == ** - 0 * @ 0 (9)
In words, TEFF® s the antilog of the difference between the persistent residuy4P(In u ) for the most
efficient firm (actual or synthetic) using k's technology, and the persistent residual that would exist if a
firm of form d would have, (where d = s for stock and d = m for mutual, and denotephbsite
organizational form (stock or mutual) not denoted by k) had it employsdrietechnology as a firm of form
k. Thismeasure holds technology constant, but varies with data differences (i.e., stock versus mutual). The
synthetic residual should capture differences in efficiency that can be attributed to differences in total costs

between the two organizational forms.
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The values of TEFEY and TEFF* range from zero (least efficient) to one (most efficient). The
measures have the same numerator and both hold technology constant. Thus, efficiency differences found
by comparing the distribution ofEFFS® (TEFE'™ with that of TEFF™ (TEFE'® %hould reflect
differences in data but not technology.

Truncating the distributions ofEFF® and TEFF® at one, fiveand 10 percents yields the
TEFFK® (.0X) and’EFF® (.0X)values shown in tables J (k=m) and K (k=s). In each case, we conclude
that a five percent truncation level is optimal.

[INSERT TABLE J ABOUT HERE]
[INSERT TABLE K ABOUT HERE]

Figure 1 provides a graphic comparison of the frequency distribution§EBE"™ (.05) and
TEFF"® (.05). Thalistribution of TEFF™™ (.05) isaimost normal, with a mean efficiency score of about
57 percent. In comparisomEFF"® (.05)'distribution looks like chi-square, with a mean of about 27
percent and a mode of less than 20 percent. The data show that on average, mutuals perform considerably
better than stocks using mutual insurer technology (the synthetic firms m(s)). This finding is consistent
with our cost structure test results and supports the finding that stocks and mutuals have separate cost
structures and use distinctive production technologies.

[INSERT FIGURE 1 ABOUT HERE]
[INSERT FIGURE 2 ABOUT HERE]

A graphic comparison of the distributions BEFF® (.05)and TEFF™(.05) isshown in figure
2. The results are analogous to those discussed abovaisTifitsution of TEFF® (.05) isapproximately
normal whereas TEFf (.05)sstribution seems to be chi-squaréhe mean efficiency score is higher
for the actual firm (s(s)) than for the synthetic company (s(m)). In short, the data show that stocks perform
better, on average, thamutuals using stock insurer technology--a finding that again validates the likelihood

ratio test results.
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6. Summary and Conclusion

This research investigates differences in the cost structures of stock and mutual life insurance
companies. In the first part, we estimate three average total cost functioris (c , t , and ¢ ) and use a likelihood
ratio test to detrmine whether stocks and mutualsegsfio use similgproduction technologies and therefore,
share the samest function (€ ), oreem to erploy distnctive technologies and thus operate on separate cost
functions (€ and ¢). We find that stocks and mutuals have distinctive cost structures and, through the dual
nature of the cost/production relationship, employ different production technologies. Results from tests for
price elasticity differences support this finding. Such results are consistent with the notion that stocks and
mutualsserve distinctive functions in the market. An econometric implication of our results is that the cost
structures and production technologies of stocks and mutuals should be estimated using separate rather than
pooled cost/production functions.

In the second part of this study, we use some cost and error structure tests to consider whether
stocks and mutals are equally efficient or whether one form has a clear efficiency advantage over the
other. Results show that stocks are more scale efficient than mutuals but that mutuals are on average more
X-efficient than stocks. Error term distributions seem to depend importantly on organizational form. Such
findings empasize the need to consider separately the cost structures and production technologies of
stocks and mutuals in future efficiency studies.

Evidence presented here suggests that stocks and mutuals do have distinctive cost structures and
efficiency problems. The researahould be extended to include examinations of potential sources of
these differences, including product mix, market concentration and labor expense preferences, for instance.
Such research should assist in further understanding why stocks and mutuals co-exist in the United States

life insurance market.



19

References

ACLI, 1990 Life Insurance Fact Bopk990, (Washington, D.C.: American Council of Life Insurance).

A. M. Best, Co.Best's Insolvency Report: Life/Health Insurers 1976-1991, 1@JAwick, N.J.: A.M.
Best Co.).

Berger, A. N.,1992, "X-Efficiency and Scale Efficiency in th&S. Banking Industry: New Estimates
Using Time as the Identifying Variable,Journal of Productivity Analysis.

Boose, M. A.,1990, "Agency Theory and Alternative Predictions for Life Insurers: An Empirical Test,"
The Journal of Risk and Insuranb&, 499-518.

Blair, R., J.Jackson, and R. Vogel, 1975, "Economies of Scale in the Administration of Health Insurance,"
Review of Economics and Statistig 185-189.

Colenutt, D.W.,1977, "Economies of Scale in the United Kingdom ordinary life assurance industry."
Applied Economig 9, 219-225.

Fama, E.F., and M.C. Jensen, 1983, "Separation of Ownership and Coiitnel.Journal of Law and
Economic6, 301-325.

Gardner, L. A.1992,An Analysis of Cost Inefficiencies in the U.S Life Insurance Industry: Sources and
MeasuremenfAnn Arbor, Ml : University Microfilms).

Geehan, R., 1977, "Returns to Scale in the Life Insurance InduBé&l Journal of Economic8, 497-516.

, D86, "Economies of Scale in Insurance: Implications for Regulation,” in: B. Wasow, ed., The
Insurance Industry in Economic Developm@éw York: Columbia University Press).

Grace, M. Fand L. A. Gardner, 1993, "X-Efficiency in tleS. Life Insurance Industry,"Journal of
Banking and Financel7, 497-511.

and S. G. Timme, 1992, "An Examination of Cost Economies in the US Life Insurance Industry,”
The Journal of Risk and Insuranb8, 72-103.

GrossmanS.J. andO.D. Hart,1983, "An Analysis of the Principal-Agent Problere€onometricabl,
7-45.

HansmannH., 1985, "The Organization of Insurance Companies: Mutual versus Staoilchal of Law,
Economics, and Organizatidh 125-153.

Hetherington, J.A.C., 1969, "Fact Fiction: Who Owns Mutual Insurance Companie®Visconsin Law
Reviewl1969, 1068-1103.

Houston,D.B. and R.M. Simon, 1970, "Economies of Scale in Finano#ltutions: A Study in Life
Assurance."Econometrice38, 856-864.



20

JensenM.C., andW.H. Meckling, 1976, "Theory of the Firm: Managerial Behavior, Agency Costs and
Ownership Structure.Journal of Financial Economic3, 305-360.

Kellner, S.,and G. Mathewson, 1983, "Entry Size Distribution, Scale and Scope Economies in the Life
Insurance Industry.'Journal of BusinesS6, 23-44.

Kreider, G.P.1972, "Who Owns the Mutuals? Proposals for Reform of Membership Rights in Mutual
Insurance and Banking Companie€incinnati Law Review1, 275-311.

Le Compte, R.L.B.andS.D. Smith,1990, "Changes in the Cost of Intermediation: The Case of Savings
and Loans."The Journal of Financd5, 1337-1346.

Leibenstein, H., 1966, "Allocative Efficiency vs. 'X-Efficiencymerican Economic Revied6, 392-415.

Manne,H.G., 1965, "Mergers and the Market for Corporate Contrdidurnal of Political Economy3,
110-120.

Mayers, D., and C.W. Smith, JL986, "Ownership Structure and Control: The Mutualization of Stock
Life Insurance Companies.The Journal of Financial Economids$, 73-98.

,1988, "Ownership Structure Across Lines of Property Casualty Insurabaerhal of Law
Economics31, 351-78.

McNamara, M. and S.R. Ghee, 1992, "The Effects of Demutualization on Firm Efficiclmyrial of
Risk and Insurancg9, 67-79.

Mester, L.J., 1987, "A Multiproduct Cost Study of 8gg and Loans.The Journal of Financd2, 423-445.

, 1993, Efficiency in the Savings and Loan IndustryThe Journal of Banking and Finandé&,
267-286.

, 1992, "Efficiency in the Savings and Loan Industry,” Paper Presented at the GSU-Atlanta Fed
Conference on Efficiency in the Financial Service Industries, September.

O'Brien, C. D.,1991, "Measuring Output of Life Assurance Companiébsg Geneva Papers on Risk and
Insurancel6, 207-235.

Ross,S., 1973, "The Economic Theory of Agency: The Principal's Problerrherican Economic
Review63, 134-139.

Shavell,S., 1979, "Risk Sharing and Incentives in the Principal Agent Relationshiyg"Bell Journal
of Economicd0, 55-73.

Shephard, R., 1970Cost and Production Functior{®rinceton: Princeton University Press).

Shleifer,A., andR.W. Vishny, 1986, "Large Shareholders and Corporate Contdutirnal of Political
Economy94, 461-488.



21

Spiller, R., 1972, "Ownership and Performance: Stock and Mutual Life Insurance Compaiies."
Journal of Risk and Insuran@®9, 17-25.

Weiss, M., P86, "Analysis of Productivity at the Firm Level: An Application to Life Insurer§fie
Journal of Risk and Insurands8, 49-84.



22

Table A Variable Definition and Source
Variable Name Description Source (NAIC Life/Healfh
Company Financial Statement
unless otherwise noted)
Y1 Ordinary Life Premiums Page 5 Line 1, Col. 3
Y2 Individual Annuities Page 5, Line 1, Col. 4
Y3 Group Life Premiums Page 5, Line 1, Col. 7
Y4 Group Annuities Page 5, Line 1, Col. 8
Y5 Group Accident and Health Page 5, Line 1, Col. 9
Y6 Securities Page 2, Col. 1, Lines 1, 2.1, 2j2,
3,4.1,4.2,4.3,8.2and 9
w, Price of Labor Computed using a weightgd
average of state wage rates fr
BLS, and total premiums an
annuity considerations fro
Schedule T.
w, Price of Capital (physical capitg Page 9, Col. 5, Lines 1, 5.5, 5.8,
as a percentage of the value of| Page 14, Exhibit 14, Line J
assets) divided byPage 2, Col., Line 34
A Price of miscellaneous inputs Assumed to be the same for gl
(postage, advertising, etc) firms




Table B Typical Stock and Mutual Cost Function (1988)
Panel A Stock Cost Function (t ratio in parenthesis)

23

Variable Parameter Variable Parameter Variable Parameter
Estimate Estimate Estimate
intercept 0.170 g2*g2 0.025 pl*gl 0.008
(2.424) (3.698) (2.521)
pl 0.607 q2*q3 0.000 pl*q2 -0.003
(47.096) (0.090) (-0.130)
pl*pl -0.001 q2*q4 -0.002 pl*q3 0.003
(-0.185) (-0.830) (1.593)
ql 0.109 q2*q5 -0.004 pl*q4 0.001
(4.694) (-1.288) (0.065)
q2 0.113 q2*q6 -0.001 pl*q5 -0.006
(4.608) (0.007) (-2.895)
a3 -0.055 q3*q3 -0.001 pl*q6 -0.009
(-2.074) (-0.158) (-1.309)
q4 0.020 q3*q4 -0.004 2 0.079
(0.713) (-1.270) (4.694)
a5 0.082 q3+*q5 0.004
(3.605) (1.467)
a6 0.644 q3*q6 -0.12
(9.656) (-1.561)
ql*ql 0.022 q4*q4 -0.004
(2.473) (0.813)
q1*q2 0.000 q4*q5 0.001
(0.000) (0.426)
ql*q3 0.004 q4*q6 0.014
(1.078) (1.371)
ql*q4 -0.005 q5*q5 0.011
(-1.027) (2.553)
ql*q5 -0.005 q5*q6 -0.013
(-1.509) (-1.853)
ql*q6 -0.004 06*q6 -0.054
(0.453) (-1.542)




Panel B Mutual Cost Function Estimates (t ratio in parenthesis)
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Variable Parameter Variable Parameter Variable Parameter
Estimate Estimate Estimate
intercept 0.098 g2*q2 0.002 pl*gl 0.008
(1.22) (0.757) (1.639)
pl 0.687 q2*q3 0.002 pl*q2 -0.000
(40.957) (0.903) (-0.274)
pl*pl 0.358 q2*q4 -0.001 pl*q3 0.000
(3.893) (-0.607) (0.265)
ql -0.036 q2*q5 0.002 pl*q4 -0.001
(-0.508) (1.106) (-0.506)
q2 0.050 q2*q6 0.030 pl*q5 -0.001
(1.666) (2.052) (-0.403)
a3 -0.115 q3*q3 -0.010 pl*q6 -0.027
(-3.967) (-1.810) (-3.051)
q4 0.003 q3*q4 -0.011 2 0.214
(1.485) (-0.417) (0.967)
a5 0.032 q3+*q5 0.000
(1.485) (0.270)
a6 0.927 q3*q6 0.017
(8.687) (1.173)
ql*ql 0.062 q4*q4 0.002
(2.165) (0.567)
ql*q2 -0.035 q4*q5 -0.000
(2.436) (-0.345)
ql*q3 -0.011 q4*q6 0.002
(-0.975) (0.587)
ql*q4 0.016 q5*q5 -0.000
(1.260) (-0.033)
ql*q5 0.000 q5*q6 0.009
(0.030) (0.947)
ql*q6 -0.035 06*q6 -0.056
(-1.795) (-1.406)




Panel C Pooled Cost Function Estimates (t ratio in parenthesis)

Variable Parameter Variable Parameter Variable Parameter
Estimate Estimate Estimate
intercept 0.170 g2*q2 0.025 pl*gl 0.008
(2.424) (3.699) (2.521)
pl 0.607 q2*q3 0.000 pl*q2 -0.000
(47.096) (0.080) (0.131)
pl*pl 0.008 q2*q4 -0.002 pl*q3 -0.000
(2.521) (0.830) (1.593)
ql 0.109 q2*q5 -0.004 pl*q4 0.000
(3.173) (1.288) (0.065)
q2 0.1136 q2*q6 -0.001 p1*q5 -0.006
(4.609) (0.141) (2.895)
a3 -0.055 q3*q3 -0.001 p1*q6 -0.009
(2.074) (0.158) (1.310)
q4 0.020 q3*q4 -0.004 2 0.079
(0.713) (1.271) (0.017)
a5 0.082 q3+*q5 0.004
(3.605) (1.467)
a6 0.644 q3*q6 -0.012
(9.656) (1.561)
ql*ql 0.022 q4*q4 0.004
(2.473) (0.812)
ql*q2 0.000 q4*q5 0.001
(0.016) (0.426)
ql*q3 0.004 q4*q6 0.014
(1.078) (1.371)
ql*q4 -0.005 q5*q5 0.001
(1.027) (2.553)
ql*q5 -0.566 q5*q6 -0.013
(1.509) (1.853)
ql*q6 -0.004 06*q6 0.054
(0.544) (1.542)
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Table C Mean Average Cost for Stocks and Mutuals

Year Stock Mean Average Cost Mutual Mean Average Co
1985 0.142 0.054

1986 0.063 0.052

1987 0.059 0.170

1988 0.056 0.051

1989 0.053 0.051

1990 0.055 0.051

1991 0.054 0.050

n 499 87
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Table D Input Shares for Stock and Mutuals
Year Labor Share Capital Share
Stock Mutual Stock Mutual

1985 0.61 0.66 0.13 0.14
1986 0.60 0.66 0.13 0.14
1987 0.62 0.67 0.13 0.14
1988 0.64 0.67 0.13 0.14
1989 0.64 0.68 0.13 0.14
1990 0.64 0.68 0.13 0.14
1991 0.65 0.69 0.13 0.13

27



Table E Mean Input Prices for Stocks and Mutuals

Year Stock Mutual
Price of Labor Price of Price of Labor Price of
Capital Capital

1985 $21,246 0.014 $21,364 0.008
1986 23,440 0.008 23,799 0.007
1987 24,801 0.009 25,160 0.010
1988 24,801 0.009 25,160 0.007
1989 26,029 0.008 26,535 0.007
1990 27,278 0.008 27,791 0.007
1991 28,773 0.008 29,179 0.007
n 499 87
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Table G Likelihood Ratio Tests for Differences in the Cost Functions

Year Stock Mutual Combined mode Statistical
Differencé
1* (37)
1985 -114.786 105.233 -86.036 191.178
1986 -88.379 99.571 -58.436 94.448
1987 -84.757 74.986 -77.104 173775
1988 -75.204 100.627 -75.204 99.562
1989 -125.610 97.426 -101.528 259.424
1990 -135.153 101.982 -110.580 254.331
1991 -117.767 92.357 -93.704 238.228

30

TStatistical difference test employed was a likelihood ratio test:[In|Q,| -In|Q,[] s.t. --2nA _x?(r) with degrees

of freedom equal to the number of restrictionsrahidQ| is the absolute value of the log of the likelihood function, and

r andu refer to the restricted and unrestricted samples respectively.

™ significant at the .01 level.

" significant at the .05 level.
“significant at the .10 level.



Table H Scale Economy Estimates
(number in parenthesis is absolute value of asymptotic z score)
Mutual Stock
Year Ray Scale Ray Scale
Economies Economies
1985 0.923 0.918
(1.887) (1.054)
1986 0.867 0.906
(3.889)" (2.778)"
1987 0.845 0.931
(3.884)" (1.775)
1988 0.861 0.896
(4.520)" (2.897)"
1989 0.876 0.925
(3.606)" (2.174)
1990 0.897 0.942
(4.250)" (1.450)
1991 0.887 0.904
(-3.152)" (2.653)"

™ significant at the .01 level.

" significant at the .05 level.
“significant at the .10 level.
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Figure 1
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Figure 2
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