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Abstract 

This paper employs cross-frontier analysis, an innovative tool based on data envelopment analy-

sis, to provide new insight into the relationship between organization and efficiency in international 

insurance markets. We are the first to empirically test the expense preference hypothesis and the effi-

cient structure hypothesis in a large cross-country study. For this purpose, we consider 23,807 firm-

years for 21 countries from northern America and the European Union—a dataset not previously ana-

lyzed in this context. We find evidence for the efficient structure hypothesis in selected market seg-

ments, but we find no evidence for the expense preference hypothesis. Our results provide insight into 

the competitiveness of stock and mutual insurers from different countries. At the country level, the 

results can be used to compare different insurance markets. Our findings are especially interesting for 

the strategic management of insurance companies as well as for regulators and boards of national in-

surance associations. 

 

Keywords: Data envelopment analysis; cross-frontier analysis; organization; expense preference hy-

pothesis; efficient structure hypothesis 

 

 
1 Introduction 

Ever since Jensen and Meckling (1976) developed the modern theory of the firm, agency the-

ory has been used to explain the structure of organizations. The insurance industry provides a 

particularly interesting environment for studying agency-theoretic hypotheses as two types of 

organizations coexist in the industry: stock insurers, owned by stockholders, and mutual in-
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surers, owned by policyholders (see Cummins et al., 2004). Various hypotheses have been 

developed that address the coexistence of these two types of organizations, the two most 

prominent being the expense preference hypothesis (see Mester, 1991) and the efficient struc-

ture hypothesis (see Cummins et al., 2004). The expense preference hypothesis states that 

mutual insurers are less cost efficient than stock insurers due to unresolved agency conflicts 

(e.g., higher perquisite consumption by mutual managers). The efficient structure hypothesis 

claims that the two organizational forms serve different market segments due to differences in 

managerial discretion and access to capital.1 

We use cross-frontier analysis, an innovative tool based on data envelopment analysis (DEA), 

to provide new information about the relationship between organization and efficiency in in-

ternational insurance markets. We are the first to empirically test the expense preference hy-

pothesis and the efficient structure hypothesis in a large cross-country study. We consider 

6,000 insurers (23,807 firm-years) from 21 northern American and European Union countries 

from 2002 through 2006—one of the largest datasets ever used in this context. 

Organizational form and efficiency receives significant attention in the insurance literature. It 

is analyzed by Fecher et al. (1993; French life and non-life insurers), Gardner and Grace 

(1993; U.S. life), Fukuyama (1997; Japanese life), Cummins and Zi (1998; U.S. life), Cum-

mins et al. (1999; U.S. non-life), Cummins et al. (2004; Spanish life and non-life), Greene and 

Segal (2004; U.S. life), Brockett et al. (2005; U.S. non-life), Jeng and Lai (2005; Japanese 

non-life), Erhemjamts and Leverty (2010; U.S. life), Diboky and Ubl (2007; German life), 

and Wende et al. (2008, German non-life). The studies on this topic done in 1990s (the first 

four of the above mentioned) find no significant efficiency differences between stocks and 

mutuals. One of the most important papers is Cummins et al. (1999), who were the first to 

apply cross-frontier analysis, an innovative technique that allows directly testing both the ef-

ficient structure and the expense preference hypotheses. They provide evidence consistent 

with both hypotheses. 

Recent research, however, has thrown some doubt on the validity of the expense preference 

hypothesis for the United States, as well as for other insurance markets. For example, accord-

ing to Cummins et al. (2004), the expense preference hypothesis does not hold for the Spanish 

                                                 
1  The managerial discretion argument states that mutual companies are more efficient in standardized lines, 

which are characterized by relatively low managerial discretion (with standardized policies and good actuari-
al tables, e.g., liability). Stock insurers are more successful in complex lines, which are characterized by high 
managerial discretion (more flexibility is needed here, e.g., industrial insurance). See Mayers and Smith 
(1988). The access to capital argument is that stocks have advantages in serving risky lines in which the de-
gree of product innovation is relatively high since they have better access to capital than mutuals. Another 
agency-theoretic hypothesis not considered in this paper is the maturity hypothesis. It predicts that mutuals 
will be more successful than stocks in lines of insurance where contracts cover relatively long time periods. 
See Cummins et al., 2004. 
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insurance industry. Greene and Segal (2004) suggest that U.S. life insurers operated as mutual 

companies are as cost efficient as stock companies, which is again not in line with the ex-

pense preference hypothesis. More recently, Diboky and Ubl (2007) and Wende et al. (2008) 

come to ambiguous findings for the German insurance market. Wende et al. (2008) find evi-

dence both for expense preference and managerial discretion in non-life; Diboky and Ubl 

(2007) reject the expense preference hypothesis for German life insurers (for an overview of 

this emerging stream of literature, see also Eling and Luhnen, 2010a). 

The literature survey illustrates that although mutual and stock ownership forms coexist in 

most industrialized and emerging economies worldwide, they have never been analyzed in an 

international context (i.e., in a cross-country study). Moreover, the findings show that there 

are large efficiency differences for the United States, Japan, France, Spain, and Germany, 

both in absolute terms as well as when comparing different organizational forms. In our anal-

ysis, we study the effect of organizational form on efficiency independent of specific coun-

tries to provide more general insights into the performance of organizational forms. 

This paper is the first to analyze organizational form and efficiency in the international insur-

ance industry. We empirically test the efficient structure and the expense preference hypothe-

ses. We also consider the influence of firm-specific variables such as solvency and firm size 

in a regression analysis and include country variables to isolate country-specific effects. Our 

results provide insight into the competitiveness of stock and mutual insurers from northern 

America and the European Union. At the country level, the results can be used to compare 

market participants in insurance markets. This is especially interesting for regulators, as well 

as for boards of national insurance associations. In addition to knowing how efficient their 

market is compared to others, they can direct their activities toward areas in which efficiency 

could use improvement, e.g., small insurers or with regard to demutualization (see Jeng et al., 

2007; Xie et al., 2011). At a regional level (e.g., within the European Union), it might be of 

interest to monitor whether the efficiency levels of insurance markets converge as a result of 

deregulation and facilitated market entry for foreign companies. At the individual-company 

level, the results can be used to compare performance with other firms in the industry, nation-

ally and internationally, which will, for example, aid managers in making decisions regarding 

demutualization, remutualization, and international growth. 

This paper is innovative in the methodologies used as well as in the data employed. We rely 

on cross-frontier analysis (Cummins et al., 1999) to empirically test the efficient structure and 

expense preference hypotheses.2 We compare each type of firm (stocks and mutuals) to a 

                                                 
2  This paper thus contributes to the stream of innovative applications of data envelopment analysis, among 

which are the incorporation of undesirable outputs and uncontrollable variables (Yang and Pollitt, 2009), the 
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frontier consisting of the set of firms with the alternative organizational form; this approach 

enables us to determine whether the outputs of a specific firm type could be produced more 

efficiently using the alternative production technology. We also estimate and discuss efficien-

cy of stock insurers and mutuals treated separately and as to all firms in the industry. For the 

regression of country and firm effects on the distance of mutual to stock production, cost, and 

allocative frontiers, we follow Cummins et al. (2004) and apply a frontier distance regression 

analysis. We use a large international dataset not previously analyzed in this context. The data 

originate from a combination of the A.M. Best Non-U.S. and U.S. database and consist of 

23,807 firm-years (2002 to 2006), giving us one of the largest samples ever analyzed in the 

insurance industry. Using this international dataset is advantageous since it allows us to make 

inferences that do not depend on the specific country; rather, we identify the pure effect of 

organizational form on efficiency. Moreover, the large sample size is an advantage, as many 

efficiency studies suffer from the fact that small sample sizes artificially increase efficiency. 

Overall, the major contribution of this paper is the new insights it provides into the relation 

between organization and efficiency in international insurance markets using innovative 

methodologies and a large dataset. 

The remainder of the paper is organized as follows. Section 2 contains an overview of the 

methodology and hypothesis tests employed. Our data are presented in Section 3. Section 4 

contains the empirical results. We conclude in Section 5. 

2 Methodology and hypothesis tests 

2.1 Methodology 

Frontier efficiency techniques measure a company’s performance relative to the “best practic-

es” of the most efficient companies in the same industry and integrate inputs and outputs into 

a single performance measure that differentiates between companies based on a multidimen-

sional framework (see Cummins and Weiss, 2000). We use DEA to estimate “best practice” 

production, cost, and allocative frontiers. Efficiency scores can be used in a variety of ways to 

provide managerial insight, e.g., at the firm level as well as at industry level (see Eling and 

Luhnen, 2010a). One particularly important application of DEA at the industry level is the 

efficiency analysis of different organizational forms. In this context, Cummins et al. (1999) 

introduced cross-frontier analysis (CFA), an innovative technique that allows directly testing 

hypotheses with regard to organization in insurance markets such as the efficient structure and 

the expense preference hypotheses. In our work, we follow Cummins et al. (1999, 2004) by 

                                                                                                                                                         
two-stage bootstrapping procedure (Barros et al., 2010), relational two-stage DEA modeling (Kao and 
Hwang, 2008), the RAM (range adjusted measure) version of DEA for solvency purposes (Brockett et al., 
2004), and cross-country comparisons (Pastor and Quesada, 1997; Eling and Luhnen, 2010b). 
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estimating technical, cost, and allocative efficiencies with respect to different frontiers for 

mutual and stock insurers from the life and non-life insurance industry. 

CFA can be explained with a simple example involving just one input and one output. In Ta-

ble 1, we consider 10 firms; the first five are stocks, the second five are mutuals. The efficien-

cy score of insurer i on the pooled frontier, i.e., consisting of both stocks and mutuals, is cal-

culated as the output/input ratio for insurer i divided by the maximum output/input ratio of all 

insurers in the sample. The efficiency of insurer i on its own frontier, i.e., only insurers be-

longing to its own group, is obtained as the output/input ratio of insurer i in relation to the 

maximum output/input ratio of all stocks (if insurer i is a stock insurer) or mutuals (if insurer 

i is a mutual insurer) in the sample. The cross-frontier efficiency scores are calculated as the 

output/input ratio of insurer i in relation to the maximum output/input ratio of all stocks (if 

insurer i is a mutual insurer) or mutuals (if insurer i is a stock insurer). Based on these results, 

cross-to-own efficiency scores can be obtained by dividing the cross-frontier efficiency score 

of insurer i by its own frontier efficiency score. 

Table 1: Calculation of pooled, own, and cross-frontier 
Panel A: Example 1 

Firm i  Type  Input  Output Output/ 
input 

Technical efficiency  Figure: Pooled and own frontiers 

Pooled  Own Cross Cross/own  

1  stock  1.00  1.00  1.00  1.00  1.00 1.16  1.16 

2  stock  2.00  2.00  1.00  1.00  1.00 1.16  1.16 

3  stock  3.00  3.00  1.00  1.00  1.00 1.16  1.16 

4  stock  4.00  4.00  1.00  1.00  1.00 1.16  1.16 

5  stock  5.00  5.00  1.00  1.00  1.00 1.16  1.16 

6  mutual  3.00  2.00  0.67  0.67  0.78 0.67  0.86 

7  mutual  4.00  3.00  0.75  0.75  0.87 0.75  0.86 

8  mutual  5.00  4.00  0.80  0.80  0.93 0.80  0.86 

9  mutual  6.00  5.00  0.83  0.83  0.97 0.83  0.86 

10  mutual  7.00  6.00  0.86  0.86  1.00 0.86  0.86 

Panel B: Example 2 

Firm i  Type  Input  Output Output/ 
input 

Technical efficiency  Figure: Pooled and own frontiers 

Pooled Own Cross  Cross/own  

1  stock  1.00  1.00  1.00  0.83  1.00 0.83  0.83 

2  stock  2.00  2.00  1.00  0.83  1.00 0.83  0.83 

3  stock  3.00  3.00  1.00  0.83  1.00 0.83  0.83 

4  stock  4.00  4.00  1.00  0.83  1.00 0.83  0.83 

5  stock  5.00  5.00  1.00  0.83  1.00 0.83  0.83 

6  mutual  3.00  2.00  0.67  0.56  0.56 0.67  1.20 

7  mutual  4.00  3.00  0.75  0.63  0.63 0.75  1.20 

8  mutual  5.00  4.00  0.80  0.67  0.67 0.80  1.20 

9  mutual  6.00  5.00  0.83  0.69  0.69 0.83  1.20 

10  mutual  5.00  6.00  1.20  1.00  1.00 1.20  1.20 

In Example 1 (Table 1, Panel A), the cross-to-own efficiency scores are consistently larger 

than 1 for the stocks and consistently lower than 1 for the mutuals. This can be interpreted as 

meaning that the stock production technology dominates the mutual production technology. 

The figure in Panel A shows input/output combinations, the pooled frontier, and the two own 

frontiers for this Example 1. In the single input/single output example, the company with the 

best output/input ratio will obtain the maximum efficiency score of 1 and thus will always 
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constitute the pooled frontier, the own frontier of the dominating technology, and the cross-

frontier of the technology that is dominated. If, e.g., Company 10 needs only five (instead of 

seven) input units to produce its output, it would obtain the maximum input/output ratio 

(1.20) and the maximum efficiency score of 1, and thus constitute the pooled frontier and its 

own frontier (see Table 1, Panel B). 

Calculating CFA for a single input/single output situation is straightforward. However, real 

life is rarely so simple, and calculating CFA when there is more than one input and output is 

more complex. An example of cross-frontier analysis with two input units and one output is 

presented in Figure 1. It displays the production isoquants subject to inputs x1 and x2, i.e., the 

combinations of x1 and x2 that constitute the same output quantity. The isoquants represent the 

best available technology for producing a fixed output quantity. The isoquants for the stocks 

and for the mutuals are given by LS(y) and LM(y), respectively. The own frontier efficiency of 

the stock company represented in B can be obtained as 0A/0B. The own frontier efficiency of 

the mutual company represented in F can be obtained as 0E/0F. The cross-frontier efficiency 

of the stock (mutual) company represented in B (F) can be obtained as 0C/0B (0D/0F). The 

cross-frontier efficiency for the stock insurer is larger than 1, for the mutual it is lower than 1. 

In this example, the stock technology again dominates the mutual technology. 

Figure 1: Own efficiency isoquants for stock and mutual insurers 

 

 

 

 

 

 
Note: The isoquants LM(y) and LS(y) constitute the own production frontier for a fixed output level y with respect to different 
levels of inputs x1 and x2 of stocks (S) and mutuals (M). 
 

Note that the isoquants might intersect, meaning that the stock technology is optimal for some 

operating points and the mutual technology is best for other operating points (for such an ex-

ample, see Cummins et al., 1999). In such a situation, we cannot conclude that one technology 

is strictly dominant in producing the other technology. Under the efficient structure hypothe-

sis, we would expect that stock firms dominate mutual firms in some areas (where stocks have 

advantages) and that mutual firms dominate stock firms in other areas (where mutuals have 

advantages). Such an example is illustrated in the right part of Figure 1. Left of points D and 
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E, the stock technology dominates the mutual technology; right of points D and E, the mutual 

technology dominates the stock technology. 

We can formalize CFA to multiple inputs and outputs using the concept of distance functions 

introduced by Shephard (1970). For analyzing production frontiers, we use input-oriented 

distance functions assuming constant returns to scale (CRS). Following Cummins et al. 

(2004), an input-oriented distance function D(y,x) for an insurer producing outputs 

y=(y1,…,yn)
T ϵ  with inputs x=(x1,…,xk)

T ϵ  is defined as: 

, : , 	 ,         

with subscript P indicating the measurement of the input/output set (y,x) against the pooled 

frontier consisting of stock and mutual insurers. The distance function estimates the largest  

for which ,  is in the attainable set V(y). The resulting  can be interpreted as the distance 

between the operation point (y,x) and the efficient frontier. By applying this definition, we 

assume a production technology that transforms inputs into outputs. The relation y → V(y) ⊆ 

 models this transformation in that V(y) constitutes the subset of all input vectors x ϵ  

yielding at least y for any y ϵ . From the definition of the distance function, we can derive 

Farrell’s (1957) measure of input technical efficiency TP(y,x)=1/DP(y,x). Whereas DP(y,x) is 

defined on the interval 0;∞  , the Farrell measure TP(y,x) is defined on 0; 1 . This input-

oriented distance function can be applied to different reference sets, e.g., production frontiers. 

To test the efficient structure and expense preference hypotheses, we need an estimate of the 

dominance of one specific technology (stock, mutual) over another. For this purpose, we es-

timate the distance of insurers belonging to a specific group (stock, mutual) to the production 

frontier of their own and the opposing group. 

The own-frontier distance functions measure the distance of a firm to the own technologies 

efficient frontier, e.g., a stock firm is evaluated against all efficient stock firms. For stocks 

DS(ys,xs) and mutuals DM(ym,xm), the respective own-frontier distance functions are defined: 

, : , 	 , 1,2, … , , and      

, : , 	 , 1,2, … , ,     

where DS(ys,xs) measures the distance of stock firm s=1,2,…,S to the stock frontier with VS(ys) 

the stock firms’ input correspondence for the output vector ys and S the total number of stock 

firms. DM(ym,xm) is defined accordingly for m=1,2,…,M with VM(ym) the mutual firms’ input 

correspondence and M the total number of mutual firms. 
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The cross-frontier distance functions were introduced by Cummins et al. (1999) and measure 

the distance of a firm to the opposing technologies’ efficient frontier. For stocks DM(ys,xs) and 

mutuals DS(ym,xm), the respective cross-frontier distance functions are defined: 

, : , 	 , 1,2, … , , and     

, : , 	 , 1,2, … , ,     

where DM(ys,xs) measures the distance of stock firm s=1,2,…,S to the mutual frontier with 

VM(ys) the mutual firms’ input correspondence for the output vector ys and M the total number 

of mutual firms. DS(ym,xm) is defined accordingly for m=1,2,…,M with VS(ym) the stock firms’ 

input correspondence and S the total number of stock firms. 

Estimation of cross-frontier distance functions enables us to measure the performance of firms 

belonging to a specific group (stock, mutual) against the technology of the other group, which 

also implies that values of cross-frontier efficiencies are not bounded by 1. Since firms are not 

included in the subset of V(y), they can perform better than the efficient frontier firms of the 

opposing technology and thus their cross-frontier distance functions and efficiency values can 

range between 0 and infinity. We estimate DEA efficiency with linear optimization proce-

dures described in Cummins et al. (1999) and in Cummins and Weiss (2000). 

To test the hypotheses with respect to the superiority of one technology over the other, we 

need a ratio that constitutes the distance between two opposing frontiers. Following Cummins 

et al. (2004), we use cross-to-own efficiency ratios, DT{S:M}(ys,xs) and DT{M:S}(ym,xm), which 

measure the distance between the stock and mutual frontiers at each operation point. T charac-

terizes the distance measure as related to the production frontier (technical) and the terms 

{S:M} and {M:S} describe which frontiers are measured against each other, i.e., the stock 

frontier against the mutual frontier with {S:M}, and the mutual frontier against the stock fron-

tier with {M:S}. The cross-to-own efficiency ratios are defined as: 

: , ,

,

,

,
, and        

: , ,

,

,

,
.        

Cross-to-own efficiency ratios larger than 1 indicate that the own production technology dom-

inates the opposing technology at the considered operating point. If we perform this calcula-

tion for all insurers in our sample, we can determine whether the own technology dominates 

opposing technology. Finding average values of cross-to-own efficiency ratios larger than 1 

for each type of insurer (stock, mutual) would provide evidence in support of the efficient 

structure hypothesis; i.e., the respective type of insurer (stock, mutual) has a comparative ad-

vantage in producing its own output. If the own production technology is dominated by the 
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opposing technology, average cross-to-own efficiency ratios are smaller than 1, a finding that 

would not support the efficient structure hypothesis. The cross-to-own efficiency ratios are 

thus the basis of deriving conclusions as to the competition between stocks and mutuals in 

insurance markets. 

Based on the CFA results, we conduct multiple regression analyses with cross-to-own effi-

ciency ratios as dependent variables and firm-specific characteristics as independent variables 

(frontier distance regression) to make inferences as to the robustness of the distances between 

the production frontiers. For this purpose, we follow Cummins et al. (2004) by applying a 

Tobit regression model with omitted intercept and the dependent variable censored at 0. We 

calculate different regression models for cost and technical cross-to-own efficiency ratios, 

both for life and non-life insurers, separately. The regression model for technical cross-to-own 

efficiency ratios  with insurer i in year t is: 

 

	 ,  

where INTERACTiα are six size-ownership interaction terms used to control for firm size with 

α=Q1*M, Q2*M, Q3*M, Q1*S, Q2*S, Q3*S. We interact three size quartile dummy variables 

(Q1=small, Q2=medium, Q3=large) with two dummy variable M (1 for mutuals, 0 other-

wise) and S (1 for stocks, 0 otherwise). Consequently, a large stock insurer i would receive 

the value 1 for the interaction term INTERACTiQ3*S and 0 for the other five interaction terms. 

SOLit is a solvency variable: 1 if company i’s ratio of equity capital to total assets in year t is 

above the median in the respective branch; 0 otherwise. DENSITYit indicates the density of the 

insurance market (premiums in U.S. dollar per capita) for firm i in year t. PENETRATIONit 

measures the degree of market penetration (premiums in U.S. dollar/GDP) in the market in 

which firm i is operating in year t. LAWiγ are two dummy variables reflecting legal systems: 

γ=CIVIL, MIXED represent civil law or pluralistic legal systems, respectively. A third legal 

system variable (common law) is excluded to avoid singularity. Information on the legal sys-

tems is taken from the University of Ottawa (see http://www.juriglobe.ca/eng/index.php). 

CORRUPTIONit indicates the degree of corruption in year t and country of firm i  based on 

the Corruption Perceptions Index provided by Transparency International (available at 

http://www.transparency.org). YEARiδ are dummy variables for each year with one year ex-

cluded to avoid singularity. COUNTRYiε are country dummies, again with one country ex-

cluded. uit is the error term in the regression, with u~N(0,σ2). The model is identical for cost 
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and allocative cross-to-own efficiency ratios, the only difference being that the dependent 

variable is  or instead of .3 

2.2 Hypothesis tests 

To test the efficient structure and the expense preference hypotheses, we rely on the cross-to-

own efficiency ratios. The efficient structure hypothesis predicts that stocks and mutuals pro-

duce different insurance outputs and each will be relatively successful in producing its own 

insurance outputs efficiently. This implies that input utilization or production costs are on 

average less than would be incurred if the same insurance outputs were produced by the other 

type of insurer (see Cummins et al., 2004). 

In the first stage of the analysis, we test the hypothesis that stock and mutual insurers operate 

on the same frontier. Rejection of this hypothesis would constitute a sufficient condition for 

basing the efficiency analysis on separate frontiers. To this end, we estimate efficiency for 

stocks and mutuals based on the pooled and the individual own frontiers. Rejection of this 

hypothesis would also be consistent with the efficient structure hypothesis in that it indicates 

that stock and mutual insurers employ different technologies and measuring efficiency based 

on the pooled frontier leads to biased conclusions. 

To gain further insight into whether stocks and mutuals are sorted into market segments 

where they have a comparative advantage, we use size-ownership interaction terms resulting 

from the frontier distance regressions. The size-ownership interaction terms can be interpreted 

as the cross-to-own efficiency ratios of firms in the respective group, i.e., small, medium, and 

large stock and mutual insurers, while controlling for other environmental variables. 

For the efficient structure hypothesis, we test whether each group’s output vectors could be 

produced with equal efficiency using the other group’s production technology. For values of a 

cross-to-own efficiency ratio significantly greater than 1, we can reject the hypothesis and 

conclude that insurers in the respective group have a comparative efficiency advantage (tech-

nical, cost, allocative) in producing their own outputs. Such a finding would support the valid-

ity of the efficient structure hypothesis for this group of insurers. 

Estimating production, cost, and allocative frontiers provides a basis for testing the expense 

preference hypothesis. Even if stocks and mutuals exhibit comparative technical efficiency 

advantages in producing their own outputs, i.e., the efficient structure hypothesis holds, these 

advantages may be eroded by failing to choose cost minimizing input combinations, which 

would be consistent with expense preference behaviour. The expense preference hypothesis 

implies that mutual insurers are less cost efficient than stock insurers due to unresolved agen-

                                                 
3  To ensure convergence of the Tobit regression model, we use the dependent variables winsored at the 1% 

quantile for technical, cost, and allocative efficiency. We also test Tobit regression models using different 
methodologies for eliminating outliers in our sample, such as trimming the dependent variable. The results 
are very robust as to the choice of methodology and lead to the same conclusions. 
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cy conflicts (e.g., higher perquisite consumption by mutual managers). For the expense pref-

erence hypothesis to hold, we would have to observe comparative technical efficiency ad-

vantages, i.e., size-ownership interaction terms for mutuals significantly larger than 1, and 

comparative cost as well as allocative efficiency disadvantages, i.e., cost and allocative size-

ownership interaction terms for mutuals significantly less than 1. 

3 Data 

We use the 2007 edition of the A.M. Best Non U.S. database (Version 2007.3), which is also 

employed in Eling and Luhnen (2010b). The database covers the years 2002 to 2006. Our 

calculations include all companies from Europe and northern America that have positive val-

ues for the inputs and outputs described in Table 2. We have an unbalanced panel, i.e., we do 

not require that each company has data for all years. To appropriately compare different coun-

tries, we require each country to have at least 30 firm-years. To complement this database 

with U.S. data, we acquired an individualized data download from the U.S. property/casualty 

and the life/health database of A.M. Best. Our combined database consists of 23,807 firm-

years from 21 countries plus the residual category “other” (comprised of insurers from coun-

tries that do not have 30 firm-years): 16,044 firm-years are from the non-life sector and 7,763 

firm-years are from the life insurance sector. 

As documented in Eling and Luhnen (2010a), there is widespread agreement in literature with 

regard to the choice of inputs. Following this literature, we use labor, business services and 

material, debt capital, and equity capital as inputs. It was necessary to combine labor and 

business services as only operating expenses (including commissions) are available in the 

A.M. Best data. This simplification, due to data restrictions, is common in international com-

parisons (see Diacon et al., 2002; Fenn et al., 2008); indeed, Ennsfellner et al., (2004) argue 

that it is actually better to treat operating expenses as a single input since doing so reduces the 

number of parameters that need to be estimated. 

A major fraction of operating expenses in insurance is labor related (Cummins and Weiss, 

2000, show that the largest share of operating expenses are employee salaries and commis-

sions). We thus concentrate on labor to determine the price of the operating-expenses-related 

input factor. For the price of labor we use the ILO October Inquiry, a worldwide survey of 

wages published by the International Labour Organization (see http://laborsta.ilo.org), which 

is used in many efficiency studies (see, e.g., Fenn et al., 2008). We proxy the price of debt 

capital by country-specific one-year treasury bill rates for each year of the sample period. For 

the price of equity capital a 20-year-rolling average of the yearly rates of total return of the 

country-specific MSCI stock market indices is considered. The price data for debt and equity 
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were obtained from the Datastream database.4/5 After converting all numbers into U.S. dollars 

using the exchange rates published in the A.M. Best database, we deflate each year’s value by 

the consumer price index to the base year 2002 so that all monetary values are directly com-

parable (see Weiss, 1991; Cummins and Zi, 1998). The country-specific consumer price indi-

ces were obtained from the International Labour Organization. 

As done in many studies on efficiency in the insurance industry, we use the value-added ap-

proach, also known as the “production approach” (see Grace and Timme, 1992), to determine 

the outputs. We distinguish between three main services provided by insurance companies—

risk-pooling/-bearing, financial services, and intermediation. A proxy for the amount of risk-

pooling/-bearing and financial services frequently used in literature is the value of real in-

curred losses, which can be defined as current losses paid plus additions to reserves (see 

Yuengert, 1993). As life and non-life insurance firms provide different types of services, we 

need separate output measures for each type of firm. We use the present value of net incurred 

claims plus additions to reserves as output for non-life companies and the present value of net 

incurred benefits plus additions to reserves as output for life companies. The intermediation 

function is proxied by the real value of investments. All monetary values are deflated to obtain 

present values. 

Table 2 presents inputs, outputs, and prices (all in U.S. dollars). We find that life insurers are 

on average much larger than non-life companies, reflecting the asset accumulation component 

of the life business model. For example, total assets in non-life insurance, on average, are 

$665 million; in the life insurance sector they are $5,429. In both life and non-life, stock in-

surers are on average larger than mutual insurers. Note that the small differences in prices for 

life and non-life in Panel B of Table 2 represent differences in the sample compositions that 

                                                 
4  Many efficiency papers use historical stock market returns as estimators for the costs of equity capital. See 

Cummins and Rubio-Misas (2006) for a comparable selection and a discussion of selection criteria depend-
ing on the insurer’s capital structure and portfolio risk. It should be recognized that the equity capital of mu-
tual insurers is not the same as the equity capital of stock insurers, since it primarily consists of retained earn-
ings, i.e., income from previous years that is retained in the company rather than distributed to policyholders. 
Both for stocks and mutuals, the target level of equity capital is typically oriented at legal and solvency re-
quirements (e.g., a target solvency ratio of 2) and at target ratings (e.g., AAA rating). Holding capital, e.g., 
for regulatory purposes, is costly. In theory, we measure these costs with asset pricing models such as the 
CAPM. However, for reasons of simplicity and due to lack of data, many efficiency studies use historical re-
turns as estimators for the expected returns (instead of the CAPM) and market returns (rather than individual 
returns for each company, which would not be feasible for many stocks and for all mutuals). Historical mar-
ket returns should thus be an appropriate measure for the price of equity capital both for stocks and mutuals. 

5  The use of the same prices for stocks and mutuals is important since, with the estimation of the cost cross-
frontier, implicit assumptions regarding the costs for different groups of firms might be problematic. When 
estimating the cross-frontier in the case of cost efficiency, a firm’s efficiency is estimated against the effi-
cient frontier of the other group and an optimal input vector for the respective firm is obtained. To arrive at 
the efficiency of the respective firm, we need to weight the optimal input vector with a price vector. If indi-
vidual input prices for specific firms are used, the choice of the correct price vector is problematic, since it 
would require making implicit assumptions on the price structure of the efficient frontier of the other group, 
i.e., the assumption that input prices for both groups are identical. Due to data restrictions, we are already us-
ing equal prices for both stocks and mutuals and so we also avoid making a problematic implicit assumption 
in the cross-frontier estimation. 
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vary across countries. More details (e.g., summary statistics for selected countries) are availa-

ble upon request. 

4 Empirical results 

We analyze technical, cost, and allocative efficiency using CFA for insurers from 21 coun-

tries, two organizational forms (stocks, mutual), two branches (life, non-life), and three com-

pany sizes (large, medium, small). Company-specific information on domiciliary country, 

organization type, and lines of business are taken from the A.M. Best database. We consider 

total assets as a measure of insurer size (see, e.g., Cummins and Zi, 1998; Diacon et al., 2002) 

and thus subdivide all companies by their total assets into large, medium, and small insurers. 

For DEA, we calculate technical and cost efficiency values assuming input orientation and 

constant returns to scale. We perform a cross-frontier analysis as presented in Cummins et al. 

(1999, 2004). 

The presentation of results is divided in two sections: the first deals with the pooled sample of 

insurers from northern America and Europe; the second analyzes the two areas separately. 

These two settings reflect two different assumptions, one being that there is a one-world fron-

tier, the second being that there are separate frontiers for different markets (northern America 

and the European Union market). Arguments can be made for both assumptions, which is why 

we present both cases in the empirical section of this paper.6 To make the results for stocks 

and mutuals comparable, we use matching samples where the number of stock firms equals 

the number of mutual firms in each year.7 Although the comparability of findings from differ-

ent efficiency studies is limited, e.g., due to different sample compositions and time horizons, 

we integrate our empirical results into the extant literature to the extent possible. 

                                                 
6  In the first case, we assume that stock and mutual insurer from northern America and the European Union 

compete with each other (leading to a one-world frontier); in the second case, competition exists only within 
the northern American market and only within the European Union. Case 1 allows a broader and more sim-
plified international comparison. Case 2 might be seen as more realistic, but it is also more complex. Case 2 
could be further decomposed into country-specific efficiency comparisons. However, we do not engage in 
this analysis due to the limited number of firm-years available for mutuals and stocks in each year and coun-
try. Such an analysis is possible for selected countries such as Germany and the United States. Results for 
these countries are available upon request. 

7  Differences in own frontier efficiency scores might be due to differences in sample size for stocks and mutu-
als. We found that efficiency estimates based on the full sample and the matching samples are significantly 
different so that size-stratified samples are necessary so as to avoid incorrect conclusions. We follow Cum-
mins et al. (2004) by sorting stock and mutual insurers into three size quantiles and randomly drawing a 
number of stock firms for each year that equals the respective number of mutuals in each year and size quan-
tile. Since the results based on randomly chosen stocks may generate biased estimators that lead to different 
results when choosing a different set of stocks, we perform multiple iterations of randomly selecting stocks in 
order to produce robust findings. Due to the large sample size and computational constraints, we restrict the 
number of iterations to 50. However, we test the consistency of the results by performing all calculations re-
peatedly and find no significant deviations. The averages presented in Table 3 and the regressions are based 
on the total sample of 50 iterations; i.e., number of mutuals * 2 * 50. 
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Table 2: Inputs and outputs 
Panel A: Definition of inputs, input prices, and outputs 

Inputs  Proxy    

Labor and business service  A.M. Best operating expenses/ILO October Inquiry wage per year   
Debt capital  A.M. Best total liabilities   
Equity capital  A.M. Best capital & surplus   

Input prices     

Price of labor  ILO October Inquiry wage per year   
Price of debt capital  Long‐term government bond rates   
Price of equity capital  20‐year‐average MSCI stock market return indices   

Outputs     

Non‐life claims + additions to reserves  A.M. Best net incurred claims + additions to reserves   
Life benefits + additions to reserves  A.M. Best net incurred benefits + additions to reserves   
Investments  A.M. Best total investments   

Panel B: Summary statistics for variables used 

Variable  Unit  Pooled  Stocks  Mutuals 

I. Non‐Life    Mean  Min  25%  50%  75%  Max  Mean  Min  25%  50%  75%  Max  Mean  Min  25%  50%  75%  Max 

Labor and business service  Quantity  1,334  0  48  225  875  409,472  1,464  0  61  265  1,026  409,472  886  0  26  113  539  177,397 
Debt capital  Million $  479  0  12  59  273  139,993  531  0  16  71  308  139,993  301  0  6  29  159  36,338 
Equity capital  Million $  187  0  9  31  116  50,981  195  0  10  34  124  46,868  165  0  6  21  91  50,981 
Price of labor  $  41,111 6,245  35,310 38,798 39,031 113,300  40,286 6,245  35,117 38,798 39,031  113,300  43,376 13,713 38,715 38,934 39,031 113,300 
Price of debt capital  %  3.84  0.00  2.84  4.22  4.39  10.92  3.84  0.00  2.84  4.22  4.39  10.92  3.83  0.49  2.84  4.22  4.39  7.70 
Price of equity capital  %  8.76  1.27  7.50  8.85  9.87  22.52  8.72  1.27  7.41  8.85  9.87  22.52  8.90  1.27  8.31  8.85  9.87  15.96 
Claims + additions to reserves  Million $  177  0  5  25  104  45,071  188  0  6  29  114  45,071  144  0  2  13  78  28,671 
Investments  Million $  508  0  18  69  303  133,337  546  0  22  81  336  133,337  395  0  11  43  203  81,417 
Operating expenses  Million $  50  0  2  9  33  13,578  55  0  2  10  38  13,578  34  0  1  5  21  6,868 
Assets  Million $  665  0  24  94  403  146,488  735  0  30  109  456  146,488  472  0  13  53  260  86,396 
ILO consumer price index  %  6.68  ‐0.89  3.54  6.66  10.28  22.15  6.69  ‐0.89  3.54  6.66  10.28  22.15  6.61  0.69  3.90  6.66  10.28  17.63 
Equity to assets  %  39.32  0.02  24.10  34.94  50.53  99.99  37.53  0.02  22.99  33.08  47.82  99.99  45.04  0.36  29.44  41.39  57.74  99.89 

II. Life 

Labor and business service  Quantity  2,823  0  71  441  2,074  324,546  3,062  0  91  494  2,307  324,546  1,764  0  18  142  1,402  43,782 
Debt capital  Million $  5,044  0  38  409  3,133  364,070  5,335  0  35  391  3,259  364,070  3,514  0  56  479  2,357  117,081 
Equity capital  Million $  359  0  11  43  211  27,863  363  0  11  44  217  27,863  332  0  7  33  177  10,264 
Price of labor  $  40,191 6,245  34,345 38,798 38,938 113,300  38,994 6,245  34,467 38,798 38,938  113,300  46,011 20,042 34,113 38,798 41,343 113,300 
Price of debt capital  %  3.74  0.00  2.75  4.08  4.39  7.70  3.81  0.00  2.84  4.22  4.39  7.70  3.42  0.49  2.38  2.99  4.26  7.70 
Price of equity capital  %  8.65  1.27  7.15  8.85  9.87  22.52  8.63  1.27  7.17  8.85  9.87  22.52  8.79  4.83  6.88  8.85  9.94  15.96 
Benefits + additions to reserves Million $  967  0  13  91  681  112,669  1,024  0  12  93  695  112,669  750  0  13  80  599  18,848 
Investments  Million $  4,098  0  49  415  2,805  365,421  4,245  0  46  401  2,832  365,421  3,355  0  61  501  2,543  107,437 
Operating expenses  Million $  104  0  3  16  77  10,930  113  0  3  19  84  10,930  67  0  1  7  53  1,705 
Assets  Million $  5,429  0  58  493  3,372  378,588  5,715  0  56  475  3,499  378,588  3,853  0  65  555  2,676  127,345 
ILO consumer price index  %  6.47  ‐0.89  3.51  6.18  9.95  22.15  6.59  ‐0.89  3.54  6.66  10.28  22.15  5.80  0.69  2.45  4.51  7.94  17.63 
Equity to assets  %  21.33  0.08  4.71  10.96  29.83  99.95  22.37  0.09  4.93  11.46  32.36  99.95  15.70  0.08  3.50  8.86  17.66  99.43 

Note: The mean values are winsored means at the 1% level. 
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4.1 Full sample (one-world frontier) 

In this section, we present results based on the assumption that stock and mutual insurers from 

northern America and the European Union compete with each other, i.e., they operate on the 

same efficient frontier. In Table 3, we provide aggregate results for the different organization-

al forms—mutuals and stocks—in the northern American and European insurance market. We 

conduct two different statistical tests, which is why we present two panels in Table 3. In Panel 

A, the results are grouped by the type of analysis (pooled, own, cross) in order to compare the 

efficiency of stocks and mutuals on different types of frontiers. In Panel B, the same results 

are grouped by type of organization (stocks and mutuals) in order to test whether stocks and 

mutuals operate on the same pooled frontier or on their own frontier. 

The first test is to determine whether stocks and mutuals are operating on the same frontier. 

Therefore, we compare the efficiency results for stocks and mutuals on the pooled frontier (TP 

(ys; xs) and TP (ym; xm)) with the efficiency results for the group-specific frontiers (TS (ys; xs) 

and TM (ym; xm)) in Panel B of Table 3.8 We use both a parametric t-test as well as a non-

parametric Wilcoxon test as significance tests (in Table 3 we present the results of the Wil-

coxon test). Both tests clearly reject the hypothesis that the mutual production frontier is iden-

tical to the pooled frontier for life and non-life insurers at the 1% level (TP:TM
***). This find-

ing is in line with Cummins et al. (1999), who also reject the hypothesis of identical frontiers 

for mutuals. However, those authors find no significant differences between the stock own 

and pooled frontiers, which is in contrast to our empirical result since we also reject the hy-

pothesis of identical frontiers for stocks (TP:TS
***). We follow Cummins et al. (1999) in con-

cluding that the rejection of identical frontiers implies that efficiency analysis of stocks and 

mutuals should be based on separate frontiers rather than on the pooled frontier. The econom-

ic interpretation of this finding is that mutuals and stocks use different technologies for pro-

ducing their respective outputs. 

In the second test, we now consider the results shown in Panel A of Table 3 and analyze the 

efficiency scores based on separate mutual and stock frontiers in the rows TM (ym; xm) and TS 

(ys; xs). Mutuals are significantly more efficient with respect to their own mutual frontier 

compared with the efficiency of stocks relative to their own stock frontier (e.g., 0.70 vs. 0.61 

for technical efficiency in non-life). This result may indicate that there are more degrees of 

freedom for stock firms to make mistakes that degrade efficiency when operating in more 

complex lines of business (see Cummins et al., 2004). 

                                                 
8  P, M, and S represent the reference set of the pooled sample of all insurers (P), all mutuals (M), and all stocks 

(S). (ym; xm) and (ys; xs) represent the outputs and inputs of the mutual insurance or stock company under 
consideration. The results shown in Table 3 are averages across all stocks and mutuals. 
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Table 3: Results of the cross-frontier analysis (2002–2006, full sample) 
      Technical efficiency  Cost efficiency    Allocative efficiency 

      Non‐life  Life  Non‐life  Life    Non‐life  Life 

      Mean  Wilcoxon  Mean Wilcoxon  Mean Wilcoxon  Mean  Wilcoxon    Mean Wilcoxon  Mean  Wilcoxon 

Panel A: Comparison of stocks and mutuals on different types of frontiers 

Pooled  TP (ys; xs)  0.57 
*** 

0.79 
*** 

CP (ys; xs)  0.46 
*** 

0.67 
*** 

AP (ys; xs)  0.79 
*** 

0.84 
*** 

TP (ym; xm)  0.61  0.87  CP (ym; xm)  0.49  0.74  AP (ym; xm)  0.80  0.85 

Own  TS (ys; xs)  0.61 
*** 

0.81 
*** 

CS (ys; xs)  0.48 
*** 

0.69 
*** 

AS (ys; xs)  0.79 
*** 

0.85 
*** 

TM (ym; xm)  0.70  0.91  CM (ym; xm)  0.60  0.83  AM (ym; xm)  0.86  0.91 

Cross  TM (ys; xs)  0.66 
*** 

0.92 
 *** 

CM (ys; xs)  0.55 
*** 

0.75 
*** 

AM (ys; xs)  0.84 
*** 

0.87 
*** 

TS (ym; xm)  0.67  0.96  CS (ym; xm)  0.51  0.77  AS (ym; xm)  0.79  0.83 

Cross/Own   DT {S:M} (ys; xs)  1.15 
*** 

1.14 
*** 

DC (S:M) (ys; xs)  1.26 
*** 

1.14 
*** 

DA (S:M) (ys; xs)  1.10 
*** 

1.04 
*** 

DT {M:S} (ym; xm)  0.94  1.05  DC (M:S) (ym; xm)  0.85  0.93  DA (M:S) (ym; xm)  0.92  0.91 

Panel B: Comparison of different types of frontiers separately for stocks and mutuals  

Stocks  TP (ys; xs)  0.57  TP:TS***  0.79  TP:TS***  CP (ys; xs)  0.46  CP:CS***  0.67  CP:CS***  AP (ys; xs)  0.79  AP:AS***  0.84  AP:AS*** 

TS (ys; xs)  0.61  TS:TM***  0.81  TS:TM***  CS (ys; xs)  0.48  CS:CM***  0.69  CS:CM***  AS (ys; xs)  0.79  AS:AM***  0.85  AS:AM*** 

TM (ys; xs)  0.66  TP:TM***  0.92  TP:TM***  CM (ys; xs)  0.55  CP:CM***  0.75  CP:CM***  AM (ys; xs)  0.84  AP:AM***  0.87  AP:AM*** 

DT {S:M} (ys; xs)   1.15  1.14  DC (S:M) (ys; xs)   1.26  1.14  DA (S:M) (ys; xs)   1.10    1.04   

Mutuals  TP (ym; xm)  0.61  TP:TM***  0.87  TP:TM***  CP (ym; xm)  0.49  CP:CM***  0.74  CP:CM***  AP (ym; xm)  0.80  AP:AM***  0.85  AP:AM*** 

TM (ym; xm)  0.70  TM:TS***  0.91  TM:TS***  CM (ym; xm)  0.60  CM:CS***  0.83  CM:CS***  AM (ym; xm)  0.86  AM:AS***  0.91  AM:AS*** 

TS (ym; xm)  0.67  TP:TS***  0.96  TP:TS***  CS (ym; xm)  0.51  CP:CS***  0.77  CP:CS***  AS (ym; xm)  0.79  AP:AS***  0.83  AP:AS*** 

DT {M:S} (ym; xm)  0.94  1.05  DC (M:S) (ym; xm)  0.85  0.93  DA (M:S) (ym; xm)  0.92    0.91   

Note: * (**, ***) indicates a significance level of 10% (5%, 1%) of Wilcoxon tests for differences between stock and mutual means for the pooled, own, and cross frontiers and the 
cross/own ratios (Panel A). For Panel B, the test is defined by the abbreviations Ti, Ci ,and Ai with i = P, S, M. TP:TS with stocks indicates, for example, a Wilcoxon test for the difference 
in mean technical efficiency between the stocks pooled and own frontier. For mutuals, TP:TS would indicate a Wilcoxon test for the difference in mean technical efficiency between 
the mutuals pooled and cross frontier. The mean values are winsored means at the 1% level. 
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The third test is to consider the cross-frontier efficiencies in Panel A of Table 3, i.e., the effi-

ciency of mutuals (stocks) relative to the stock (mutual) frontier (TS (ym; xm) and TM (ys; xs)) 

and the resulting cross-to-own efficiency ratios. We find that, on average, stocks are more 

efficient relative to the mutual frontier since the cross-to-own efficiency ratios for stocks (DT 

{S:M} (ys; xs)) are consistently larger than 1. The economic interpretation of this result is that 

stock firms are dominant for producing stock output vectors. Mutuals, however, do not appear 

to be dominant for producing mutual output vectors, as their cross-to-own efficiency ratios 

(DT {M:S} (ym; xm)) are consistently lower than 1 (with one exception). Only life mutual insurers 

are dominant in producing their own output in terms of technical efficiency, but not in terms 

of cost and allocative efficiency. These differences in technical, cost, and allocative efficiency 

are important since they might be an indication of expense preference behavior by life mutual 

insurers. However, further regression tests show that mutuals do not misuse more resources 

than stocks when controlling for firm and environmental characteristics.9 

To provide evidence on whether the differences in cross-to-own frontier efficiencies are ro-

bust when controlling for firm and environmental characteristics, we conduct a frontier dis-

tance regression following Cummins et al. (2004) with cross-to-own frontier ratios (distances 

between frontiers) as dependent variables and selected characteristics as independent varia-

bles. The idea is to regress various company-specific and environmental factors on the dis-

tance of mutual to stock production (left part of Table 4) and cost frontiers (right part of Table 

4). We apply a Tobit regression model with omitted intercept and the dependent variable cen-

sored at 0. Omitting the intercept allows us to interpret the regression coefficients of the inter-

action terms as an intercept for insurers in that specific group. 

An important conclusion from Table 4 is that, except for small and medium-size non-life mu-

tuals, all non-life and life insurers have cross-to-own efficiency values (production, cost, and 

allocative) significantly larger than 1, implying that they are dominant for producing their 

specific output vectors. The coefficients of all stock interaction terms are significantly greater 

than the corresponding coefficient of the mutual interaction terms for each size quartile. Thus, 

stocks, life mutuals, and large non-life mutuals are technically dominant for producing their 

own output vectors. Small and medium-size non-life mutuals are neither dominant nor domi-

nated since the test statistic z2 is insignificant. The degree of dominance is significantly high-

er for stock insurers compared to mutual insurers. The production frontier regression thus 

supports the efficient structure hypothesis for life insurers as well as for non-life stocks and 

large mutuals, but provides no evidence that this hypothesis is valid for small and medium-

size non-life mutuals. 
                                                 
9  The finding that stocks have average cross-to-own efficiency ratios larger than 1 and that mutuals have aver-

age cross-to-own efficiency ratios lower than 1 is in accord with the results of Cummins et al. (2004) for the 
Spanish insurance market. 
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Table 4: Tobit frontier distance regressions (2002–2006, full sample) 
  Non‐life Life

Independent 
variables 

Production frontier Cost frontier Allocative frontier Production frontier Cost frontier Allocative frontier

Coeff. z1‐Statistik z2  Coeff.  z1‐Statistic z2 Coeff. z1‐Statistic z2 Coeff. z1‐Statistic z2 Coeff. z1‐Statistic z2 Coeff. z1‐Statistic z2

Q1*Mutual  1.01 42.35 ***  1.41  51.50 *** *** 1.25 71.95 *** *** 1.29 42.58  *** *** 1.21 61.67 *** *** 1.09 64.50 *** ***
Q2*Mutual  1.04 43.32 ***  1.44  52.55 *** *** 1.25 72.04 *** *** 1.33 44.23  *** *** 1.20 61.44 *** *** 1.06 63.01 *** ***
Q3*Mutual  1.06 44.52 ***  ***  1.45  52.77 *** *** 1.22 70.64 *** *** 1.34 44.42  *** *** 1.20 61.20 *** *** 1.05 62.47 *** ***
Q1*Stock  1.27 53.10 ***  ***  1.84  67.27 *** *** 1.40 80.97 *** *** 1.47 48.58  *** *** 1.42 72.17 *** *** 1.15 68.31 *** ***
Q2*Stock  1.24 51.92 ***  ***  1.83  66.62 *** *** 1.41 81.36 *** *** 1.40 46.54  *** *** 1.40 71.46 *** *** 1.17 69.90 *** ***
Q3*Stock  1.21 50.76 ***  ***  1.83  66.59 *** *** 1.43 82.77 *** *** 1.37 45.64  *** *** 1.41 72.04 *** *** 1.21 71.81 *** ***
Solvency  0.00 4.77 ***  0.02  22.78 *** 0.01 18.18 *** 0.02 11.41  *** ‐0.01 ‐3.89 *** ‐0.02 ‐14.48 ***
Density  ‐0.00 ‐2.46 **  ‐0.00  ‐3.13 *** ‐0.00 ‐0.64 0.00 12.33  *** ‐0.00 ‐0.43 ‐0.00 ‐7.98 ***
Penetration  0.02 17.07 ***  0.04  22.77 *** 0.01 10.79 *** 0.00 0.68  0.01 2.01 * 0.00 0.39
Civil   0.09 5.36 ***  ‐0.05  ‐2.98 *** ‐0.11 ‐9.07 *** ‐0.04 ‐10.38  *** ‐0.03 ‐12.08 *** ‐0.01 ‐2.27 **
Mixed  0.07 3.00 ***  ‐0.13  ‐4.82 *** ‐0.16 ‐9.36 *** ‐0.03 ‐0.72  0.02 0.59 0.07 2.72 ***
Corruption  ‐0.03 ‐14.45 ***  ‐0.08  ‐28.84 *** ‐0.03 ‐18.95 *** ‐0.07 ‐17.33  *** ‐0.04 ‐13.86 *** ‐0.00 ‐1.73 *
2003  ‐0.07 ‐58.03 ***  ‐0.16  ‐110.80 *** ‐0.02 ‐22.60 *** ‐0.05 ‐19.87  *** ‐0.01 ‐4.97 *** 0.01 6.96 ***
2004  ‐0.08 ‐51.11 ***  ‐0.16  ‐90.46 *** ‐0.03 ‐23.40 *** ‐0.03 ‐8.45  *** 0.02 9.94 *** 0.00 0.56
2005  ‐0.06 ‐48.96 ***  ‐0.17  ‐111.52 *** ‐0.03 ‐36.65 *** ‐0.05 ‐13.17  *** ‐0.04 ‐15.85 *** ‐0.02 ‐7.49 ***
2006  ‐0.08 ‐52.07 ***  ‐0.20  ‐113.26 *** ‐0.05 ‐48.65 *** ‐0.05 ‐14.74  *** ‐0.03 ‐14.17 *** ‐0.01 ‐4.32 ***
Austria  0.04 4.07 ***  0.12  9.81 *** 0.06 8.09 *** 0.22 8.65  *** 0.06 3.48 *** ‐0.04 ‐2.72 ***
Belgium  0.06 13.58 ***  0.10  19.12 *** 0.03 10.49 *** 0.02 2.59  ** 0.01 1.49 ‐0.01 ‐1.76 *
Bermuda  0.07 4.42 ***  ‐0.09  ‐4.80 *** ‐0.13 ‐10.89 *** 0.14 8.32  *** ‐0.04 ‐3.63 *** ‐0.11 ‐11.19 ***
Canada  0.16  9.86  ***  0.10  5.02  ***    ‐0.05  ‐4.29  ***    0.23  15.42  ***    0.06  5.99  ***    ‐0.05  ‐5.54  ***   
Denmark  0.19 27.41 ***  0.21  26.67 *** 0.01 1.79 * 0.34 24.63  *** 0.13 14.64 *** ‐0.05 ‐6.34 ***
Finland  0.15 17.77 ***  0.30  30.83 *** 0.11 17.37 *** 0.18 15.06  *** 0.09 11.95 *** 0.00 0.11
Germany  0.05 14.58 ***  0.07  15.43 *** 0.01 2.90 *** 0.27 23.90  *** 0.03 4.20 *** ‐0.09 ‐14.12 ***
Ireland  0.11 6.82 ***  0.08  4.23 *** ‐0.00 ‐0.35 0.03 3.06  *** ‐0.02 ‐2.50 ** ‐0.04 ‐7.07 ***
Italy  ‐0.01 ‐1.25 ‐0.05  ‐7.11 *** ‐0.02 ‐3.92 *** ‐0.02 ‐2.11  ** ‐0.06 ‐9.54 *** ‐0.05 ‐9.21 ***
Lithuania  0.10 11.12 ***  0.02  1.92 * ‐0.06 ‐8.59 *** 0.01 0.54  ‐0.06 ‐3.06 *** ‐0.07 ‐4.26 ***
Luxembourg  0.10 10.68 ***  0.25  23.75 *** 0.12 17.55 *** 0.34 15.16  *** 0.04 2.70 ** ‐0.12 ‐9.39 ***
Netherlands  0.08 14.03 ***  0.12  18.41 *** 0.03 7.86 *** 0.15 13.59  *** 0.06 8.83 *** 0.00 0.55
Norway  0.14 21.42 ***  0.18  24.86 *** 0.02 4.37 *** 0.18 9.15  *** 0.07 5.67 *** ‐0.02 ‐1.95 *
Poland  0.04 2.97 ***  ‐0.07  ‐4.85 *** ‐0.07 ‐7.41 *** 0.02 0.67  ‐0.10 ‐6.54 *** ‐0.12 ‐9.85 ***
Portugal  0.05 5.39 ***  0.01  1.47 ‐0.03 ‐4.49 *** 0.08 4.94  *** ‐0.02 ‐1.81 * ‐0.04 ‐4.21 ***
Spain  0.05 15.63 ***  ‐0.03  ‐8.02 *** ‐0.05 ‐22.34 *** 0.35 30.97  *** 0.00 ‐0.04 ‐0.15 ‐24.11 ***
Sweden  0.16 23.97 ***  0.27  34.09 *** 0.08 17.15 *** 0.22 15.46  *** 0.08 8.74 *** ‐0.03 ‐4.13 ***
Switzerland  0.03 4.85 ***  0.11  15.86 *** 0.07 14.62 *** 0.05 3.58  *** 0.05 5.40 *** 0.01 1.77 *
U.K.  0.21 12.99 ***  0.11  5.78 *** ‐0.08 ‐6.32 *** 0.15 11.64  *** 0.01 1.16 ‐0.04 ‐5.59 ***
U.S.  0.09 5.53 ***  ‐0.05  ‐2.74 *** ‐0.11 ‐8.92 *** 0.09 8.87  *** 0.00 0.03 ‐0.04 ‐6.96 ***
Other  0.07 11.55 ***  0.03  4.68 *** ‐0.02 ‐5.17 *** 0.09 4.79  *** ‐0.03 ‐2.82 *** ‐0.08 ‐7.68 ***

N  382,300 382,300  382,300 122,200  122,200 122,200
Chi‐square  71,037 170,829  88,321 11,193 40,862 25,629
p‐value  0.00 0.00    0.00 0.00 0.00 0.00

Note: z1 is a two‐tailed test of significantly different coefficients from 0. z2 tests whether coefficients are significantly greater or less than 1 based on a two‐tailed test. * (**, ***) indicates a significance 
level of 10% (5%, 1%). The χ2test for joint significance of the regression variables follows a χ2 distribution with 36 degrees of freedom. 
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In the cost frontier regression, all size-ownership interaction terms are significantly larger 

than 1. The regression results for the cost frontier thus provide additional support for the effi-

cient structure hypothesis for non-life and life insurance. Again, the dominance of stocks is 

higher than the dominance of mutuals. With respect to the expense preference hypothesis, we 

find no evidence of cost deficiencies for any type of non-life and life insurers in any size 

quantiles. This finding implies that mutuals do not misuse more resources than stocks, which 

is in line with Cummins et al. (2004). 

Regarding the allocative cross-to-own efficiency regressions, we find values for all size-

ownership interaction terms significantly larger than 1, indicating that stocks and mutuals of 

all sizes are dominant in choosing the cost minimizing combination of inputs for producing 

their own outputs. However, stock insurers are significantly more successful in choosing the 

cost minimizing input combination compared to mutuals. The allocative frontier distance re-

gression thus supports the efficient structure hypothesis but, again, provides no evidence for 

the expense preference hypothesis. In conclusion, the results show that the efficient structure 

hypothesis holds in our large international dataset, but we find no indication of expense pref-

erence behaviour, neither for stocks nor for mutuals. 

In interpreting the residual regression variables, recall that the dependent variable is larger 

than 1 in case of dominance of the own group-specific frontier for producing their own out-

put. Coefficients of the remaining variables greater (less) than 0 are thus associated with wid-

er (smaller) distances between own-group frontier and the opposing group’s frontier. Smaller 

distances between the stock and mutual frontiers are likely associated with a higher degree of 

competition between stock and mutual insurers, since the comparative advantage of producing 

the own-group outputs will be smaller (see Cummins et al., 2004). For the sake of brevity, we 

restrict our discussion to the most relevant results. 

The coefficient of the solvency indicator is significant and positive for the non-life insurance 

production, cost, and allocative frontiers, suggesting that technical, cost, and allocative fron-

tier differences are increased for non-life firms with relatively high equity capital to total as-

sets ratios. This is consistent with a market penalty for non-life firms that have relatively low 

solvency ratios. A relatively high solvency ratio thus increases the comparative advantages of 

producing own non-life outputs, a finding that might be explained by a market reward for 

firms with relatively high solvency ratios compared to firms with relatively low solvency rati-

os. It is interesting that this result is not found for the whole life insurance industry. Here, we 

observe a significant positive solvency coefficient for the production frontier, indicating that 

customers reward high solvency ratios of life insurance firms. However, the respective cost 

and allocative frontier coefficients are both significant and negative, which indicates that high 
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solvency ratios in life insurance firms results in a market penalty that tends to reduce the ad-

vantage of firms in producing their own life outputs in terms of cost and allocative efficiency. 

The coefficients for market density for non-life insurance are significantly less than 0 for the 

production and cost frontiers. It thus seems that the higher the market density, the lower the 

distances between the stock and mutual frontiers. Thus, there is likely to be a higher degree of 

competition between mutual and stock insurers in high-density non-life insurance markets. 

The density coefficient in life insurance is positive and significant for the production frontier. 

This indicates that stocks and mutuals in life insurance tend to be more specialized in high-

density insurance markets and successful in providing their own outputs. However, the densi-

ty coefficient for the allocative frontier is negative and significant, indicating that insurers in 

high-density life insurance markets experience difficulty in using cost minimizing input com-

binations for producing their own outputs. The coefficients for insurance market penetration 

are opposite to the density coefficients for life and non-life frontiers. 

We find that the civil legal system coefficient is negative and significant for all frontiers in 

life insurance, implying that in countries with legislation based on civil law, such as most 

European Union markets, the differences between stock and mutual frontiers are reduced; i.e., 

there likely exists a higher degree of competition between stock and mutual life insurers. For 

non-life insurance, stock and mutual production frontiers tend to be farther apart in countries 

with civil legal systems, which is indicated by a positive regression coefficient for the produc-

tion frontier. This suggests that non-life stock and mutual insurers are more specialized. How-

ever, in civil law countries, the non-life insurance industry experiences higher pressure on 

costs and fails to use cost minimizing input combinations for producing stock and mutual own 

outputs. The corruption coefficient is negative and significant for both types of insurers for all 

frontiers. This implies that there is fiercer competition between stock and mutual insurers in 

countries host to a higher degree of corruption. 

4.2 Separate samples for northern America and the European Union 

The results of this section are based on the assumption of competition exclusively within the 

northern American market and exclusively within the European Union market. The assump-

tion of the preceding section that northern American and European Union insurers are en-

gaged in international competition can be challenged, especially in the case of mutuals. We 

thus analyze both regions separately, i.e., we reject the hypothesis of a one-world frontier and 

estimate efficiency based on subsets of firms for each region separately. The efficiency scores 

based on either the one-world frontier or separate frontiers, which can be found in Table 5, are 

significantly different.10 

                                                 
10  In non-life insurance, the northern American sample is slightly larger (9,714 vs. 6,330 firm years), while in 

life, the samples are of comparable size (4,222 vs. 3,541 firm years). Interestingly, in life insurance, the 
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The efficiency values of the European Union market are higher than those of the northern 

American market. All pooled efficiency scores for the European Union are larger than the 

respective scores for northern America. Furthermore, the efficiency of stock and mutual in-

surers is different in both markets. Mutual (stock) insurers exhibit higher (lower) efficiency 

values in Europe compared to northern America.11 

Large efficiency differences can be found with respect to all frontiers and between countries, 

both for life and non-life. The focus of the analysis, however, is on differences in the produc-

tion technology and cost structure between stock and mutual insurers, i.e., the cross-to-own 

efficiency ratios representing the distance between the stock and mutual frontiers. For all 

types of efficiency we find cross-to-own efficiency ratios larger than 1 for stock insurers from 

northern America, implying that the stock firms are dominant for producing stock output vec-

tors. Mutuals from northern America are not dominant for producing mutual output vectors 

with respect to any frontiers or line of business, as their cross-to-own efficiency ratios are 

lower than 1; again, an exception is the cross-to-own efficiency score of mutual life insurers 

on the production frontier. 

Mutuals from the European Union show improved performance with respect to all frontiers in 

non-life and life insurance, as indicated by most cross-to-own efficiency ratios larger than or 

close to 1. In contrast, stock insurers from the European Union seem to perform significantly 

worse compared to the performance of this group in the northern American market. The re-

sults thus suggest that the northern American and the European Union markets have different 

characteristics and should be analyzed separately. 

As with the cross-to-own efficiency scores for the full sample, we conduct Tobit regression 

analysis for the separate markets of northern America and the European Union. The results 

are shown in Panel A of Table 6 for northern America and in Panel B of Table 6 for the Euro-

pean Union. For the sake of brevity, country and time variables are omitted from the table 

(these are available upon request). 

                                                                                                                                                         
number of mutuals in Europe is higher than in northern America (727 vs. 495 firm years). Again, we use 
matching samples where the number of stock firms equals the number of mutual firms in each year so that 
differences between efficiency scores are not biased by differences in sample size. 

11  To further decompose the aggregate results from Table 5, we also calculated mean efficiency estimates for 
selected countries based on the separate frontiers for northern America and the European Union. These re-
sults are available upon request. 
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Table 5: Results of the cross-frontier analysis (2002–2006, separate samples) 
      Technical efficiency  Cost efficiency    Allocative efficiency 

      Non‐life  Life  Non‐life  Life    Non‐life  Life 

      Mean  Wilcoxon  Mean Wilcoxon  Mean Wilcoxon  Mean  Wilcoxon    Mean Wilcoxon  Mean  Wilcoxon 

Panel A: Northern America           

Stocks  TP (ys; xs)  0.63  TP:TS***  0.83  TP:TS***  CP (ys; xs)  0.52  CP:CS***  0.68  CP:CS***  AP (ys; xs)  0.82  AP:AS***  0.84  AP:AS*** 

TS (ys; xs)  0.66  TS:TM***  0.86  TS:TM***  CS (ys; xs)  0.53  CS:CM***  0.72  CS:CM***  AP (ym; xm)  0.81  AS:AM***  0.84  AS:AM*** 

  TM (ys; xs)  0.78  TP:TM***  0.94  TP:TM***  CM (ys; xs)  0.64  CP:CM***  0.75  CP:CM***  AS (ys; xs)  0.86  AP:AM***  0.82  AP:AM*** 

DT {S:M} (ys; xs)   1.22  1.12  DC (S:M) (ys; xs)   1.31  1.07  AM (ym; xm)  1.10    0.98   

Mutuals  TP (ym; xm)  0.64  TP:TM***  0.87  TP:TM***  CP (ym; xm)  0.53  CP:CM***  0.75  CP:CM***  AM (ys; xs)  0.84  AP:AM***  0.87  AP:AM*** 

TM (ym; xm)  0.75  TM:TS***  0.90  TM:TS***  CM (ym; xm)  0.66  CM:CS***  0.82  CM:CS***  AS (ym; xm)  0.88  AM:AS***  0.91  AM:AS*** 

 

TS (ym; xm)  0.67  TP:TS***  0.90  TP:TS***  CS (ym; xm)  0.55  CP:CS***  0.78  CP:CS***  DA (S:M) (ys; xs)  0.82  AP:AS***  0.86  AP:AS*** 

DT {M:S} (ym; xm)  0.89  1.02  DC (M:S) (ym; xm)  0.82  0.96  DA (M:S) (ym; xm)  0.93    0.94   

Panel B: Europe           

Stocks  TP (ys; xs)  0.69  TP:TS***  0.91  TP:TS***  CP (ys; xs)  0.62  CP:CS***  0.86  CP:CS***  AP (ys; xs)  0.89  AP:AS***  0.96  AP:AS*** 

TS (ys; xs)  0.73  TS:TM***  0.92  TS:TM***  CS (ys; xs)  0.65  CS:CM***  0.87  CS:CM**  AS (ys; xs)  0.89  AS:AM***  0.96  AS:AM*** 

TM (ys; xs)  0.71  TP:TM***  0.93  TP:TM***  CM (ys; xs)  0.63  CP:CM***  0.87  CP:CM***  AM (ys; xs)  0.89  AP:AM***  0.93  AP:AM*** 

DT {S:M} (ys; xs)   0.97  1.02  DC (S:M) (ys; xs)   0.97  1.00  DA (S:M) (ys; xs)   1.00    0.99   

Mutuals  TP (ym; xm)  0.78  TP:TM***  0.96  TP:TM***  CP (ym; xm)  0.71  CP:CM***  0.94  CP:CM***  AP (ym; xm)  0.91  AP:AM***  0.98  AP:AM 

TM (ym; xm)  0.79  TM:TS***  0.96  TM:TS***  CM (ym; xm)  0.72  CM:CS***  0.94  CM:CS***  AM (ym; xm)  0.92  AM:AS***  0.98  AM:AS*** 

TS (ym; xm)  0.96  TP:TS***  0.99  TP:TS***  CS (ym; xm)  0.74  CP:CS***  0.94  CP:CS***  AS (ym; xm)  0.87  AP:AS***  0.95  AP:AS*** 

DT {M:S} (ym; xm)  1.20  1.03  DC (M:S) (ym; xm)  1.05  1.01  DA (M:S) (ym; xm)  0.95    0.97   

Note: * (**, ***) indicates a significance level of 10% (5%, 1%) of Wilcoxon tests for differences between means for the pooled, own, and cross frontiers and the cross/own ratios. The 
tests are defined by the abbreviations Ti, Ci , and Ai with i = P, S, M. TP:TS with stocks indicates, for example, a Wilcoxon test for the difference in mean technical efficiency between 
the stocks pooled and own frontier. For mutuals, TP:TS would indicate a Wilcoxon test for the difference in mean technical efficiency between the mutuals pooled and cross frontier. 
The mean values are winsored means at the 1% level. 
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Table 6: Tobit frontier distance regressions (2002–2006, separate samples) 
  Non‐life Life

Independent 
variables 

Production frontier Cost frontier Allocative frontier Production frontier  Cost frontier Allocative frontier

Coeff. z1‐Statistik z2  Coeff.  z1‐Statistic z2 Coeff. z1‐Statistic z2 Coeff. z1‐Statistic z2 Coeff. z1‐Statistic z2 Coeff. z1‐Statistic z2 

Panel A: Northern America

Q1*Mutual  0.72 9.16 ***  ***  2.12  26.64 *** *** 2.10 40.42 *** *** 0.89 5.07  *** 1.32 6.50 *** 1.33 7.77 *** * 
Q2*Mutual  0.74 9.41 ***  ***  2.14  26.96 *** *** 2.10 40.46 *** *** 0.88 5.02  *** 1.32 6.49 *** 1.34 7.78 *** * 
Q3*Mutual  0.77 9.77 ***  ***  2.16  27.20 *** *** 2.08 40.13 *** *** 0.88 4.97  *** 1.32 6.50 *** 1.34 7.80 *** * 
Q1*Stock  1.08 13.78 ***  2.64  33.22 *** *** 2.25 43.29 *** *** 0.95 5.37  *** 1.41 6.90 *** * 1.35 7.88 *** * 
Q2*Stock  1.05 13.39 ***  2.61  32.87 *** *** 2.25 43.30 *** *** 0.92 5.23  *** 1.41 6.91 *** * 1.37 8.00 *** ** 
Q3*Stock  1.01 12.83 ***  2.63  33.06 *** *** 2.29 44.06 *** *** 0.92 5.20  *** 1.41 6.90 *** * 1.37 8.01 *** ** 
Solvency  0.00 0.01 0.03  23.97 *** 0.02 23.52 *** 0.02 11.68  *** 0.00 1.82 * ‐0.00 ‐0.45 ***  
Density  ‐0.00 ‐11.60 ***  ‐0.00  ‐13.79 *** ‐0.00 ‐1.59 ‐0.00 ‐8.35  *** ‐0.00 ‐0.05 0.00 6.79 ***  
Penetration  ‐0.09 ‐7.13 ***  ‐0.24  ‐19.47 *** ‐0.11 ‐13.93 *** 0.07 3.40  *** ‐0.03 ‐1.42 ‐0.08 ‐4.15 ***  
Corruption  0.10 12.08 ***  0.02  2.05 * ‐0.07 ‐14.17 *** 0.03 1.62    ‐0.02 ‐1.27 ‐0.04 ‐2.54 **  

N  239,100 239,100  239,100 49,500   49,500 49,500  
Chi‐square  70,830 146,780  47,503 2,726   3,832 1,116  
p‐value  0.00 0.00  0.00 0.00   0.00 0.00  

Panel B: Europe 

Q1*Mutual  1.21 32.81 ***  ***  1.07  96.40 *** *** 0.96 69.37 *** *** 1.05 155.96  *** *** 0.97 614.69 *** *** 0.92 161.30 *** *** 
Q2*Mutual  1.18 32.21 ***  ***  1.08  97.53 *** *** 0.98 70.78 *** 1.04 155.10  *** *** 0.97 616.48 *** *** 0.92 162.89 *** *** 
Q3*Mutual  1.23 33.61 ***  ***  1.09  98.15 *** *** 0.97 70.04 *** ** 1.03 154.27  *** *** 0.97 614.68 *** *** 0.92 162.86 *** *** 
Q1*Stock  1.01 27.54 ***  1.00  90.43 *** 1.02 73.59 *** 1.05 155.67  *** *** 0.96 611.02 *** *** 0.92 161.49 *** *** 
Q2*Stock  1.02 27.65 ***  1.00  90.17 *** 1.01 73.10 *** 1.03 154.31  *** *** 0.96 612.39 *** *** 0.92 163.11 *** *** 
Q3*Stock  1.03 28.00 ***  1.00  89.87 *** 1.01 72.72 *** 1.03 154.02  *** *** 0.96 612.21 *** *** 0.92 163.29 *** *** 
Solvency  ‐0.02 ‐7.62 ***  ‐0.00  ‐0.05 0.01 9.79 *** ‐0.00 ‐8.69  *** ‐0.00 ‐4.84 *** 0.01 11.98 ***
Density  0.00 7.24 ***  0.00  7.49 *** ‐0.00 ‐7.25 *** 0.00 5.07  *** ‐0.00 ‐10.31 *** ‐0.00 ‐10.61 ***
Penetration  ‐0.03 ‐10.86 ***  ‐0.01  ‐6.54 *** 0.01 11.74 *** 0.00 0.59    0.00 7.54 *** 0.00 4.40 ***
Civil  0.03 1.44 0.02  3.29 *** 0.01 1.39 0.00 1.71  *  0.01 18.32 *** 0.00 2.83 ***
Mixed  ‐0.01 ‐0.29 ‐0.01  ‐1.30 0.00 0.08 0.01 0.97    ‐0.01 ‐2.72 ** ‐0.03 ‐3.20 ***
Corruption  ‐0.02 ‐4.18 ***  ‐0.01  ‐8.35 *** ‐0.00 ‐1.80 * ‐0.01 ‐8.39  *** 0.00 13.48 *** 0.01 12.63 ***

N  143,200 143,200  143,200 72,700   72,700 72,700
Chi‐square  14,036 19,122  9,405 4,982   7,858 4,856
p‐value  0.00 0.00  0.00 0.00     0.00 0.00

Note: z1 is a two‐tailed test of significantly different coefficients from 0. z2 tests whether coefficients are significantly greater or less than 1 based on a two‐tailed test. * (**, ***) indicates a significance level of 10% 
(5%, 1%). The χ2‐test for joint significance of the regression variables follows a χ2 distribution with 15 degrees of freedom (Panel A) and 33 degrees of freedom (Panel B). 
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In Table 6, the northern American non-life insurance market demonstrates patterns compara-

ble to those seen in Table 4. Non-life mutual insurers are not dominant in producing their own 

outputs in terms of technical efficiency. The results in Table 6 are more clear in that technical 

cross-to-own efficiency ratios for non-life mutuals based on the northern American market 

sample are significantly less than 1. This indicates that they have a comparative disadvantage 

in producing their own non-life outputs, whereas non-life mutuals in the full sample regres-

sion were neither dominant nor dominated. Thus, the disadvantage of mutuals is more distinct 

in the northern American market. We find that non-life stock insurers are neither dominant 

nor dominated for producing their own non-life outputs, since the interaction terms for tech-

nical efficiency are not significantly different from 1. However, cost and allocative cross-to-

own efficiency ratios are significantly greater than 1 for all stock and mutual non-life insurers, 

indicating that technical inferiority for mutuals and technical indifference for stocks does not 

translate into disadvantageous cost and allocative efficiency. Cost and allocative cross-to-own 

efficiency ratios for stock non-life insurers are significantly larger than the respective values 

for mutual insurers in all size classes, indicating a stronger competitive position of stock in-

surers in the northern American non-life insurance market and providing some support for the 

efficient structure hypothesis for stock insurers. The efficient structure hypothesis, however, 

does not hold for mutual non-life insurers. Furthermore, we find no evidence in support of the 

expense preference hypothesis. 

For the northern American life insurance industry, none of the size-ownership interaction 

terms for the stock and mutual production frontier are significantly different from 1, indicat-

ing that neither stocks nor mutuals have a comparative technical advantage in producing their 

own outputs. For the cost and allocative frontiers, we find values of cross-to-own efficiency 

significantly larger than 1 for stocks. Mutuals exhibit cross-to-own values significantly larger 

than 1 for allocative, but not for cost efficiency.12 However, stock and mutual cost and alloca-

tive cross-to-own efficiency values are not significantly different. These results imply that 

there is likely to be strong competition between stock and mutual insurers in the northern 

American life insurance market. The results for the northern American life insurance industry 

thus provide no support for the efficient structure and expense preference hypotheses. This is 

in line with Greene and Segal (2004), who find no significant differences between stock and 

mutual cost efficiency for the U.S. life insurance industry. 

The results of the regression analysis for the European Union market confirm its performance 

differences from the northern American market. For the European Union non-life insurance 

industry, we observe technical and cost dominance of mutual insurers in producing their own 

                                                 
12  The standard error for the cost frontier for mutuals in Panel A of Table 6 is 0.20, resulting in a value of 1.60 

for the z2 test statistic. The critical value for a significance level of 10% is 1.75. The coefficients for all three 
size classes are very similar, indicating that there are only very minor differences regarding company size. 
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non-life outputs since all production and cost frontier size-ownership interaction terms for 

mutual non-life insurers are significantly larger than 1. Non-life stocks, on the other hand, are 

neither dominant nor dominated for producing their own non-life output. With the exception 

of small and large mutuals, the size-ownership coefficients for allocative efficiency are not 

significantly different from 1 either for stocks or for mutuals. The results indicate that mutual 

insurers have a comparatively strong position in the European non-life industry and are suc-

cessful in producing their own outputs in terms of technical and cost efficiency. Stock non-

life insurers are likely to face competition from mutual insurers because they do not have a 

significant advantage in producing their own outputs. This is an interesting finding when 

comparing the two markets, since non-life stock insurers appear to have a stronger competi-

tive position in the northern American market and mutual non-life insurers show superior per-

formance in the European Union market. For the European Union non-life insurance market, 

we thus find support for the efficient structure hypothesis for mutual insurers only, and no 

support for the expense preference hypothesis. 

The results for the European Union life insurance industry provide evidence of a high degree 

of competition between stock and mutual insurers. Regarding technical efficiency, both stock 

and mutual life insurers have competitive advantages in producing their own outputs. Howev-

er, their relative advantage is small and neither stocks nor mutuals exhibit significantly larger 

size-ownership interaction terms. More importantly, both stock and mutual cross-to-own cost 

and allocative efficiency ratios provide evidence of expense preference behavior, which is 

indicated by cross-to-own cost and allocative efficiency ratios significantly less than 1. Again, 

we find, however, no significant differences between the stock and mutual cross-to-own cost 

and allocative ratios. Thus, we find no support for the expense preference hypothesis since 

both stocks and mutuals exhibit an equal degree of expense preference behavior. The results 

for the production frontier, however, suggest that the efficient structure hypothesis holds for 

the European Union life insurance industry. 

5 Conclusion 

An economically interesting feature of many insurance markets is the coexistence of two or-

ganizational forms: stock insurers and mutual insurers. We apply cross-frontier analysis to 

study the efficiency of these two organizational forms and derive conclusions regarding the 

competition between them. Many authors assess the performance difference between these 

two organizational forms in different countries and develop various hypotheses to explain it, 

but we are the first to analyze this issue in a large cross-country study. Our research design 

has the advantage of allowing us to separate the effects of different countries and organization 

types on efficiency, thus providing insight into the performance of different organizational 

forms. Thus, our results are valid not only for one country, but can also aid in comparing 

stocks and mutuals under different market environments. 
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We consider a pooled one-world frontier as well as separate frontiers for northern American 

and European insurance markets. The efficient structure hypothesis holds for the one-world 

frontier (stocks and mutuals are dominant in producing their own outputs), but we find no 

indication of the expense preference hypothesis (mutual insurers are not less cost efficient 

than stock insurers). The results for the efficient structure hypothesis are more differentiated 

when looking at the markets separately, i.e., we find clear evidence only in selected market 

segments (i.e., European life production frontier, northern American non-life cost frontier); 

the other results are mixed. Again, we find no indication for the expense preference hypothe-

sis. We thus conclude that there is no evidence for the expense preference hypothesis, and that 

there is mixed evidence for the efficient structure hypothesis. Our results are in line with find-

ings from related work conducted for selected countries (see, e.g., Cummins et al., 2004; 

Greene and Segal, 2004), thus confirming their validity in a broader international context.  

Future research could further decompose the area-specific analysis, since, obviously, the re-

sults depend on the market segment considered (the efficient structure hypothesis holds in 

some market segments, but not in all). Also, just because we find no evidence supporting the 

expense preference hypothesis does not mean that it may not hold in other settings; studying 

other countries could help either prove or disprove the hypothesis. Furthermore, analyzing 

efficiency changes over time, using a longer time period than employed here, across stocks 

and mutuals would be interesting. Another research possibility is to analyze the efficiency 

effects of demutualization in an international context (for an analysis of demutualization in 

the U.S. life insurance industry, see Jeng et al., 2007). Finally, lack of data made it impossible 

for us to analyze the managerial discretion and the maturity hypothesis; future research em-

ploying more data on particular products could provide insight into both topics. 

Our findings are helpful in assessing the performance of stock versus mutual insurers and 

shed light on the competitiveness of insurers in different countries. At the country level, the 

results can be used to compare different insurance markets, an analysis that should be of in-

terest to regulators and politicians, as well as to boards of national insurance associations. At 

a regional level, it might be of interest to monitor whether the efficiency levels of insurance 

markets converge as a result of deregulation and facilitated market entry for foreign compa-

nies. At the individual-company level, the results can be used to compare performance with 

other firms in the market, both nationally and internationally. Such a comparison will aid 

managers in making decisions regarding international growth. For example, a relatively effi-

cient insurer from a country with an efficient insurance market might consider international 

growth opportunities (through new entry or acquisitions) in markets where it has a relative 

efficiency advantage. 
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