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Abstract 

This paper explores studies that determine life insurance efficiency, an area that is gaining in 

recognition as being important to investigate.  As well as scrutinization and exploration of the 

numbers and recent trends of methods and some aspects of life firm efficiency measurement is 

implemented.  In its overview of life company efficiency items written since 1982 this project 

shows how the most fundamental elements of life enterprise efficiency estimation, for example 

the set-up and form of outputs and inputs, have been coped with.  Therefore an assessment of the 

overall results of efficiency studies is possible. Similarly ideas for potential further research are 

portrayed.  One conclusion drawn from the results of this project is that the steady increase in 

both the volume and scope of pieces scrutinizing life firm efficiency means that it is being 

perceived as being of greater and greater importance.  Consequently this review will be of value 

to both practitioners and regulators concerned with this subject in that it will enable an 

assessment of which aspects of this field of study need more research and which are otherwise 

worth developing 
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1. Introduction 

This paper explores studies that determine life insurance efficiency, an area that is gaining in 

recognition as being important to investigate.  It is an update of a previous paper, the quantity of 

readings considered having increased from 198 to 515, a growth of 160%.  Additionally more 

details and improvements are contained regarding 1) profit efficiency, 2) allocative efficiency, 3) 

the services that life insurers provide, 4) pieces treating life insurance and general insurance 

totally together with respect to efficiency calculations and 5) articles using greater than one 

method of appraising efficiency (the latter within Section 8.2). 

 

As well a scrutinization of the numbers and recent trends of methods and some aspects of life 

firm efficiency measurement is implemented. This research enhances and improves upon smaller 

works such as Berger and Humphrey (1997), Cummins and Weiss (2000), Eling and Luhnen 

(2010a), Wu and Zhao (2010), Jarraya and Bouri (2013), Bu and Wang (2014), Pawar 

Waghavkar and Sananse (2015) and Zinyoro and Aziakpono (2023).  In its overview of life 

company efficiency items written since 1982 this project shows how the most fundamental 

elements of life enterprise efficiency estimation, for example the set-up and form of outputs and 

inputs, have been coped with. Therefore an assessment of the overall results of efficiency studies 
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is possible. Similarly ideas for potential further research are portrayed.  Consequently this review 

will be of value to both practitioners and regulators concerned with this subject. 

 

This article continues with Section 2, a review of the pertinent literature, and Section 3 showing 

the method of sourcing the germane research.  Section 4 discusses profit efficiency while Section 

5 looks at allocative efficiency.  Section 6 probes the services delivered by life insurers and 

Section 7 exhibits the shortcomings with treating life insurance and general insurance totally 

together in efficiency writings.  Section 8 illustrates the numbers and trends of pieces, methods 

utilized to quantify efficiency, output proxies and input proxies.  Section 9 concludes and 

postulates insights for possible further research. 

 

2. Literature Review 

A number of previous surveys of life insurance efficiency papers have been found.  Berger and 

Humphrey (1997) is the earliest of these.  The authors look at one hundred and thirty items that 

consider the efficiency of several types of financial institutions spread over twenty-one nations.  

Only five of the pieces involve life insurance companies.  Conclusions reached include that 

insurance entities (i.e. all of them including general insurers) in the United States have about the 

same efficiency as do United States banks and that the rankings of enterprises by efficiency are 

closer within the parametric and non-parametric methods than between them.  Due to the small 

number of (life) insurance companies considered by the paper, none of its overall conclusions are 

especially applicable to said companies.   

 

The next reading seen is Cummins and Weiss (2000) which considers twenty-four works, 

eighteen of which involve life insurance.  The survey section begins by looking at outputs and 

inputs used by both life and general insurance.  For life the paper mentions that for outputs some 

articles use premiums, some use claims (possibly plus change in reserves) and some use 

quantities while for inputs virtually all use labor and capital.  The paper next displays counts of 

pieces 1) employing parametric and non-parametric methods and 2) looking at cost, technical, 

profit and revenue efficiency.  The counts are followed by some reasoning as to why profit 

efficiency is better to probe than are technical or cost efficiency.  Additionally an amount of 

analysis regarding the life insurance efficiency scores deduced by the works is presented and 

subsequently likewise a listing of the scale and scope economies scores and total factor 

productivity increases.  The survey section finishes with a discussion of how various facets of 

life insurance such as organizational form and distribution systems affect efficiency.  The 

reading declares no real conclusions, only a summary of the findings of the survey. 

 

Eling and Luhnen (2010a) has a survey of ninety-five insurance efficiency papers where sixty-

eight consider life insurance.1  The paper describes some of the different methods for measuring 

efficiency along with a brief listing of their (dis)advantages along with some innovations applied 

regarding them (until then).  Some of the ways seen to proxy inputs are portrayed while for 

outputs two of the approaches (value-added, intermediation) used plus the (dis)advantages of the 

                                                             
1 This includes one paper that only looks at health insurance. 
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ways utilized to proxy them are shown.  The authors further mention the disagreement regarding 

whether using premiums or claims as an output is superior.  Counts are also given regarding the 

methods, inputs and outputs employed in the surveyed items.  The last area of analysis concerns 

ten aspects of life insurance in which efficiency studies are utilized.  The aspects are described 

and some results of papers applying efficiency to them are presented.  Some of the paper’s 

conclusions are that 1) DEA is used most frequently to calculate efficiency, 2) for inputs most 

studies employ labor and capital, 3) there is a general disagreement as to whether premiums or 

claims is better to incorporate as the basic output and 4) the range of nations covered by such 

research has been increasing.  However these are not material conclusions but simply a summary 

of the results of the survey. 

 

Wu and Zhao (2010) examines more than one hundred and twenty insurance efficiency projects.  

It investigates the methods used to assess efficiency, input and outputs, the elements of insurance 

to which efficiency is applied and the conclusions that the various studies reach.  

 

Jarraya and Bouri (2013) lists and defines some aspects of efficiency such as their types, 

functions drawn on to appraise efficiency along with inputs and outputs.  The authors then delve 

into some of the main features of insurance, such as mergers and acquisitions and regulation 

issues, accentuated in efficiency studies.  For each feature the paper gives instances of works that 

explore it and some of the conclusions reached.  The latter is the survey trait of this article but it 

does not provide any counts so in this respect it is lacking.  Additionally the article is lacking in 

that it does not present any particular conclusion.  

 

Bu and Wang (2014) inspects articles that explore the efficiency of PRC insurers. The authors 

present a table of the articles it considers however it does not include all of those in the text or 

reference list.  The table shows fifty-one articles but has the shortcoming that no counts are 

shown.  

 

The discussion begins by looking at some papers measuring efficiency of insurance companies 

and how efficiency is affected by some features such as the organizational form or the ownership 

of the company.  The results of the papers, which include general insurance firms, are stated.  

The authors next investigate how the efficiency of insurers is impacted by elements by dividing 

them into internal, external and a combination thereof.  The conclusions of the paper are that the 

overall efficiency of PRC insurance companies has upgraded but there is a flaw in that there is 

uneven efficiency due to ownership form and region.  It is key to note that the conclusions are 

from the observed results of the papers surveyed and not actually those of the survey authors.  

Views regarding future research, such as more could be done examining life insurance 

companies alone or how external elements affect efficiency are provided.   

 

Pawar Waghavkar and Sananse (2015) is a short survey.  It deals with thirty-five studies in the 

form of a literature review in that it gives a short summary of what each looks at and some of the 

parameters, such as inputs and outputs, utilized.  The survey does not elucidate the conclusions 

reached by all of the pieces observed.  One characteristic of the survey is that, despite its title, 
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four of the items scrutinized deal exclusively with general insurance.  The paper has the flaws of 

no counts being presented and the short conclusion not truly conveying anything.  

 

Zinyoro and Aziakpono (2023) writes that it performs a survey of seventy-one life insurance 

papers even though the actual number is seventy.  It begins with a quick description of life 

insurance company services most especially capital accumulation and financial security.  The 

next topic delved into is how the life insurance industry is important to national economies and 

individual’s financial well-being and how some elements, such as regulation innovations, of life 

insurance have recently changed.   

 

Concerning specific readings the authors point out that previous studies have concentrated on 

efficiency but in their opinion this has been insufficient as life insurance companies should also 

be evaluated in terms of their claims-paying ability, solvency and shareholder value.  Hence they 

explore pieces based on five characteristics of insurer proficiency namely efficiency, accounting, 

market, rating, and insolvency measures.  A table is given showing the efficiency articles 

surveyed with various characteristics thereof such as the number of insurers covered and the 

methods, inputs and outputs employed.  For efficiency studies the authors present a count of the 

methods used but the other counts shown take into account all five characteristics seen above.  

Likewise all five characteristics are considered in the discourse monitoring how “firm-level” (i.e. 

internal) and external elements affect life insurance company proficiency.   

 

The conclusions of the survey include which internal and external facets have the most influence 

on life insurer success, but it should be noted that the deductions are from an examination of the 

research surveyed and not really deduced by the authors.  Recommendations are then listed 

relating to actions that should be taken by policymakers and/or regulators to help life insurance 

companies but these recommendations are obvious.  Finally the paper points out some gaps 

implemented in the research even though filling those gaps may not be possible. 

 

3. Methodology 

There were several sources for the research used including Google Scholar, articles cited in other 

such surveys, basic internet search engine(s), the CNKI website and the Academia website.  The 

applicable search parameters employed were “life insurance efficiency” and “life insurer 

efficiency.”  Papers not written in English were included as much as possible and translated via 

Google Translate.   

 

Readings excluded from this survey were those that only dealt with reinsurance or general 

insurance, academic theses, ones that do productivity as opposed to efficiency, obvious 

duplicates of works that were published earlier, those that were just a survey and ones that do not 

calculate efficiency per se.  The data and trends were compiled by the author. 
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4. Profit Efficiency 

As profit maximization is the primary goal of the majority of business entities (or all of them)2 

profit efficiency is a significant item for any efficiency paper to examine.  For instance Berger, 

Hancock and Humphrey (1993), the earliest reading seen to draw on profit efficiency, states that 

“it is surprising that” profit efficiency has “been used so sparingly” due to its advantages.  One 

advantage that the work cites is that “it may reduce problems associated with misspecification 

and mismeasurement” and it “allows the researcher to pinpoint better the sources of 

inefficiency.”3  Moreover profit efficiency enables a better determination of the causes of any 

inefficiency plus conceivably decreasing any flaws stemming from estimation or 

misspecification issues (Berger, Hancock and Humphrey (1993)).  Likewise it is plausible that 

profit maximization is better versus cost minimization to evaluate when analyzing company 

expertise (Berger and Mester (2003)).  Correspondingly profit efficiency has the advantages of 

including and being more general than cost efficiency (Akhavein, Berger and Humphrey (1997)) 

in that it explores challenges relating to both outputs and inputs (Berger and Mester (1997)).  

This last advantage is augmented in that cost efficiency simply assumes that companies “take 

current input prices and output quantities as given, then seek to minimize costs” with the best 

level of inputs (DeYoung and Nolle (1996)). 

 

In addition profit efficiency can be considered to be overall efficiency, such that if a firm is 

efficient in terms of its profits, it will be efficient in terms of its costs and also its scale of 

production (Fitzpatrick and McQuinn (2008)).  For example an institution can be currently cost 

efficient yet not so at its optimal output.  Hence, as profit efficiency encompasses output as well 

as input levels, it is able to detect what is necessary for the institution to achieve its optimum and 

thus appraising profit efficiency is far more vital for businesses and managers than the partial 

view explained through inspecting cost efficiency (Maudos and Pastor (2001)).  

 

Problematically the percentage of projects that have scrutinized profit efficiency is minimal with 

only thirty of the four hundred and forty applicable such (about 6.8%) monitored doing so.  

When disallowing duplication of authors only twenty-six studies have investigated profit 

efficiency.  Figure 1 below which shows the number of all of the articles looking into profit 

efficiency year-by-year (starting in 2000):  

 

                                                             
2 Life insurance companies may have solvency as the primary goal, although their shareholders would believe it is 

profit maximization. 
3 The emphasis is in the original. 
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Figure 1. Number of Life Insurance Efficiency Studies Investigating Profit Efficiency 

(Year-by-Year) with Trend Line 

 

As only eight were written since 2015 it seems clear that greater attention should be paid to 

profit efficiency in life insurer efficiency papers.   

 

5. Allocative Efficiency 

An entity can be 1) technically efficient due to its being on the best technology production 

frontier nonetheless 2) not allocatively efficient as they are on a point on said frontier that is not 

on the minimum cost frontier.  This means that allocative efficiency with respect to inputs is a 

computation, given a set input prices, of the chosen mix of inputs against the optimal (i.e. cost 

minimizing) such mix.4  Accordingly allocative efficiency is an essential topic for any efficiency 

piece to take into account as in order to be cost efficient an enterprise must be both 

technically/technologically and allocatively efficient.   

 

However only a negligible volume of life insurer efficiency items have probed allocative 

efficiency as only thirty-five of the one hundred and twenty papers incorporating input prices 

(about 29.2%) depict allocative efficiency outcomes.5  Eight other works mention and/or define 

allocative efficiency but nothing else whereas two other readings state it is possible to obtain the 

allocative efficiency scores from their cost and technical efficiency scores, though has no 

calculations thereof displayed.  Figure 2 following shows the number of projects examining 

allocative efficiency year-by-year (beginning in 1995):  

 

                                                             
4 Another perspective is that allocative efficiency is an assessment of how efficiently the mix of inputs is chosen, 

given input prices. 
5 One of those not showing allocative efficiency results assumes it has no allocative inefficiency.  For one other 

study whether allocative efficiency results are demonstrated is not extant. 
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Figure 2. Number of Life Insurance Efficiency Studies Investigating Allocative Efficiency 

(Year-by-Year) with Trend Line 

 

Because only five of these are from after 2015 evidently more exploration should be accorded to 

the crucial element of allocative efficiency in life firm efficiency research. 

 

6. Services Provided by Life Insurance Companies 

As Cummins and Weiss (2000) conveys, insurers are analogous to other businesses in the 

financial sector of the economy in that their outputs consist primarily of services, many of which 

are intangible.  Therefore accurate evaluation of life institution efficiency requires identifying 

output and input proxies that concord to the services that life entities furnish.  However 

“measurement of output volume is a difficult problem as services are not directly observable” 

(Tone and Sahoo, ((2005), Weiss (1986)) and consequently “are hard to pin down” (Mahlberg 

and Url (2000)).  Nevertheless Kim (2002) determines that “[t]he output of a life insurance firm 

should be measured by services provided to insured.”  Accordingly life enterprise efficiency 

studies should describe the assumed services implied by their outputs. 

 

A shortcoming with life business efficiency writings is that they adopt a varying range of 

different services as offered via insurers, so many as to make it complicated to compare said 

writings.  Similarly a substantial proportion of articles, do not declare services employed therein.  

Of the four hundred and eighteen applicable papers only one hundred and forty-six (about 

34.9%) do so.  Apparently the items that do not fail to consider life institution services and hence 

may not properly account for the fact that the outputs exploited should be linked appropriately to 

the defined services delivered.   

 

An extremely central flaw with pieces that list services is that in many of them the services listed 

are not actually measured (i.e. the entity output measures are not matched to them).  This is a 

deficiency because, as Cummins, Weiss, Xie and Zi (2010) and Greene and Segal (2004) deduce, 

these matches present a much closer approximation to the true efficiency of the life firms 

considered.  Here there are one hundred and forty-six germane works with only eighty-five 

portraying total matching (about 58.2%) and only sixteen (about 11.0%) partial matching of any 

kind.  For instance a common group of outputs utilized is incurred benefits (i.e. payments to the 

policyholders in the current year) plus reserve increases matched to the two services of risk-

pooling/bearing and real financial services relating to insured losses.  Nonetheless none of the 
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thirty projects discovered adopting these outputs use measures that capture their separation into 

these two very diverse services.6  

 

A further trouble regarding services is that virtually no readings analyze new business 

acquisition services (especially new policy set-up) separately or in any other way.7  Indeed only 

three studies have been found that inspect these services in any manner with just one drawing 

upon total matching and the other two only partial matching.  Operations with respect to existing 

business and new business acquisition are vastly distinct activities.  Carr (2004) asserts this point 

by expounding the latter as including marketing, advertising, underwriting, new policy set-up, 

activities concerning sale e.g. advice and activities connected with sales offices.  On the other 

hand operations as to existing business encompasses premium collection, claims processing, 

record keeping, dividend payment, financial statement preparation and activities associated with 

home offices.8  Thus a separation of the two (as opposed to simply labelling them all as for 

instance administration or “real” services) is needed. 

 

Therefore because 1) comparatively few articles designate services at all, 2) there are many 

disparate collections of services elucidated across items that do proclaim any, 3) services often 

are not actually transformed into empirical measures (i.e. matched) suitably and 4) specific 

services are not scrutinzed appositely; the literature on life insurance efficiency pieces is 

confusing to analyze with the resultant deductions difficult to evaluate.  

 

From the discussions of Sections 4, 5 and 6 one conclusion is that investigating the trends 

regarding profit efficiency, allocative efficiency and services may conceivably aid in revealing 

where to emphasize further research. 

 

7. Works Appraising Life Insurance and General Insurance Efficiency Totally Together 

Treating life insurance and general insurance totally together may be a problem in that the two 

industries are inherently distinct for example (among many other reasons) 1) general insurance 

claims are repeatable whereas with life insurance this is mostly not true, 2) a substantial part of 

life insurance business is annuities which involves payment without the occurrence of a 

contingent event while this type of payment is much smaller for general insurance, 3) life 

insurance business tends to be long-term, conversely general insurance business tends to be short 

term 4) income earned from investments is of much greater significance for life insurance and 5) 

the regulations, capital requirements, etcetera of the two are (vastly) dissimilar.9   

 

Perhaps the most essential reason is that the method(s) and elements considered and accounted 

for in determining reserves, which is regarded as the most important financial value for insurance 

                                                             
6 Of the thirty relevant projects discovered none illustrate such a separation. 
7 Only three studies have been found that inspect these services in any manner, one draws upon total matching and 

the other two only partial matching. 
8 Both lists are certainly not exhaustive.  See Carr (2004), pp. 13-20 – 13-22 for more details. 
9 Among (many) other reasons. 
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enterprises, are hugely different.  Reserves are even more prominent in the context of this survey 

as a large percentage of papers use reserves as an output proxy (see Table 5 below).  As well, of 

the two hundred and sixty-eight applicable creations published commencing in 2011 nineteen use 

reserves as an input and a further five do so indirectly.  

 

Another fundamental distinction is the accounting rules used.  Life insurance accounting rules 

are geared to maintaining the solvency of the company conversely general insurance accounting 

rules focus on computing the profit of the company.  Hence the purpose of the former is to 

protect the policyholders and that of the latter is to evaluate gains to shareholders.  One vital 

distinction here is the treatment of acquisition expenses which are spread over the life of the 

policy in general insurance but are all brought up-front in life insurance.  

 

Now, relating to articles in the survey of 2011 and later there are one hundred and eighteen 

fitting that encompass both life insurance and general insurance.  Of these one hundred and ten 

assess the two totally10 together whereas only eight deal with them separately.  Clearly given the 

foregoing no efficiency item should evaluate life insurance and general insurance totally together 

and the conclusions of those that do are decidedly questionable.  Moreover given that the one 

hundred and eighteen readings are of two hundred and sixty-eight potential (about 44.0%) so it 

appears that a large proportion of life insurance efficiency pieces scrutinize at both life insurance 

and general insurance.  Given that one hundred and ten of the one hundred and eighteen treat life 

insurance and general insurance totally together it is possible to deduce that the overall 

credibility of life insurance efficiency research is questionable. 

 

8. Counts and Trends 

8.1 Number of Papers 

The number of papers that have probed life enterprise efficiency has been steadily enhanced as 

depicted in Figure 3 beneath which exhibits the number of works in the survey year-by-year 

(starting in 1993):  

 

 
One paper from 1983 and two from 2024 also in the survey.  Additionally there are two for 

which the year is not extant. 

Figure 3. Number of Life Insurance Efficiency Studies (Year-by-Year) with Trend Line 

                                                             
10 One of these treats life insurance companies and banks totally together, equally problematic. 
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The steady surge in research monitoring life insurance efficiency displays that it is being thought 

of as being of greater criticality in both the life insurance industry and the financial services 

industry as a whole. Another trait the escalation demonstrates is the growing attention paid to the 

efficiency and competitiveness of life institutions in the international arena (Eling and Luhnen 

(2010b)).    

 

For readings that calculate life entity efficiency, the focus of those looking at three countries or 

fewer has changed over the years. When research began in the early 1990s the preponderance 

examined the efficiency of life firms in the United States whereas the late 1990s saw the same 

trend while the emphasis on Germany was augmented.  Initiating in the mid-2000s the PRC and 

the ROChina along with the United States became the spotlight of a higher quantity of life 

insurer efficiency projects than other nations. In the early 2010s Asia became the main area of 

attention, particularly the PRC, India, the ROChina and Malaysia.  In the late 2010s that endured 

but with the addition of Indonesia.  In the early 2020s the equivalent trend continued with a large 

emphasis on Indonesia.  The number of studies of the most concentrated upon nations year-by-

year (beginning in 1993) are shown in Figures 4, 5 and 6 below:  

 

 
One 2024 paper from the PRC also in the survey 

Figure 4. Number of Life Insurance Efficiency Studies Regarding Germany, the PRC, India 

and Multiple Nations (Year-by-Year) 
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One 2024 paper from Iran also in the survey.  Additionally there is one paper from Iran for 

which the year is not extant. 

Figure 5. Number of Life Insurance Efficiency Studies Regarding Malaysia, the ROChina 

and Iran (Year-by-Year) 
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Figure 6. Number of Life Insurance Efficiency Studies Regarding The UK, the USA and 

Indonesia (Year-by-Year) 

 

When exploring research concerning more than three nations the trends are exactly alike as 

described prior for articles considering less than four nations.  The number of items of the 

nations the most focused on year by year (commencing in 1993) are illustrated in Figures 7, 8 

and 9 following: 
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One 2024 paper from the PRC also in the survey 

Figure 7. Number of Life Insurance Efficiency Studies When Taking Multiple Nation Studies 

into Account Regarding Germany, the PRC and India (Year-by-Year) 
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One 2024 paper from Iran also in the survey.  Additionally there is one paper from Iran for 

which the year is not extant. 

Figure 8. Number of Life Insurance Efficiency Studies When Taking Multiple Nation Studies 

into Account Regarding Malaysia, the ROChina and Iran (Year-by-Year) 
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Figure 9. Number of Life Insurance Efficiency Studies When Taking Multiple Nation Studies 

into Account Regarding the UK, the USA and Indonesia (Year-by-Year) 

 

The fact that, regarding life enterprise efficiency, there has been a greater diversity of nations 

inspected seems to indicate a higher awareness of its importance.  The trend also probably 

reflects a larger access to information and funds to be able to perform research. 

 

8.2 Methods of Determining Efficiency 

 

The seven most common methods utilized to determine life insurance efficiency comprise two 

non-parametric, three parametric, one semi-parametric and the Bayesian approaches.11  The two 

non-parametric methods are, data envelopment analysis (DEA) and free disposal hull (FDH), the 

three parametric techniques are stochastic frontier analysis (SFA), thick frontier analysis (TFA) 

and the distribution-free approach (DFA).  The semi-parametric method employed the most is 

the Fourier Flexible (FF).  The counts of methods are portrayed in Table 1 underneath (note that 

there is an overlap between the groups of authors as well as for Tables 4, 5, 6, 7 and 8).   

 

 

                                                             
11 See Wise (2017) for a description of along with some of the key advantages and disadvantages of these 

techniques. 
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   Table 1 Counts of Methods of Determining Efficiency 

Method Number of Papers with no 

Author Duplication 

Number of Papers 

DEA 279 431 

SFA 61 (2 use FF) 76 (5 use FF) 

DFA 12 (1 uses FF) 14 (1 uses FF) 

FDH 4 5 

Bayesian 1 (uses SFA) 1 (uses SFA) 

Other 1 1 

Not Applicable 3 3 

    a: There are three papers for which the method of determining efficiency is unknown 

 

Relating to the number of papers both disallowing and with author duplication the trend has been 

that a greater volume have exploited DEA than SFA in almost all years. The number of studies 

utilizing the varied methods of assessing efficiency year-by-year (beginning in 1993) are 

conveyed in Figure 10 and Figure 11 beneath: 

 

 
Two 2024 papers using DEA also in the survey.  Additionally there is one paper using DEA for 

which the year is not extant. 

Figure 10. Number of Life Insurance Efficiency Studies Using Different Methods of 

Determining Efficiency with no Author Duplication (Year-by-Year) 
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Two 2024 papers using DEA also in the survey.  Additionally there are two papers using DEA 

for which the year is not extant 

 

Figure 11. Number of Life Insurance Efficiency Studies Using Different Methods of 

Determining Efficiency (Year-by-Year) 

 

Twelve papers draw upon at least two methods (i.e. each applied in a separate project) of 

computing efficiency scores as provided in Table 2 below:   

 

Table 2 Papers Specifying More Than One Method of Determining Efficiency 

Methods Number 

of Papers 

Elements Compared 

DEA & SFA 7 1: efficiency scores by company (only eight companies) 

  3: efficiency scores by company characteristics  

       e.g. company size and organizational form 

  1: only overall inefficiency score obtained from the  

    two methods 

  2: what is actually implemented is not extant 

DEA & DFA 1 only overall inefficiency score obtained from the two methods 

DEA & FDH 1 efficiency scores by company (only five companies) 

DEA, SFA & 

FDH 

1 efficiency scores by company characteristics  

     e.g. as company size and organizational form 

DEA, SFA, 

DFA & FDH 

2 efficiency scores by company characteristics  

       e.g. company size and organizational form 

 

Of the twelve papers six display a comparison of the efficiency scores by institution 

characteristics such as size and organizational form and two only present an overall inefficiency 
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score obtained from the two methods. Only two reveal a company-by company contrast of 

efficiency scores, which could be construed as the most useful results, and those writers only 

incorporated eight and five companies.  Given the small amount that so execute, it appears clear 

that more research should employ both SFA and DEA and distinguish the outcomes derived, 

especially on a company-by-company basis, as it is plausible that they will differ significantly.  

Such a dissimilarity may lead to (fundamentally) disparate conclusions being drawn from the 

work.  At the very least said conclusions could be confirmed. 

 

Now, as to using non-parametric approaches there is an issue of whether enough decision 

making units (DMUs) (here insurers) are applied versus the quantity of inputs and outputs. If the 

number of DMUs is low when against that of the inputs and outputs a high proportion will 

achieve an efficiency score of 100% as they will be difficult to match in all dimensions.  

Similarly sufficient DMUs permits for an adequate volume of linear combinations thereof to 

result in meaningful comparisons (Bauer, Berger, Ferrier and Humphrey (1998), Thanassoulis, 

Portel and Despic (2008), Sarkis (2002)).  Dyson, Allen, Camanho, Podinovski, Sarrico and 

Shale (2001) notes that if exploiting DEA an item should contain a quantity of DMUs that is at 

least as large as twice the product of that of the inputs and that of the outputs while Cooper, Li, 

Seiford, Thrall and Zhu (2001) remarks that the number of DMUs should be at least three times 

the sum of said two values.  The numbers of papers utilizing a non-parametric approach with 

enough DMUs, not enough DMUs, a volume of DMUs so that such a sufficiency is questionable, 

and it is unknown12 whether an adequate quantity are specified is cited in Table 3 following:   

 

Table 3 Papers Incorporating Non-Parametric Approaches Number of DMUs Versus Number of 

Inputs and Outputs 

Category Number of Papers 

Enough 244 

Not Enough 51  

Questionable 22  

Unknown 117 

    a: Four papers employ both DEA and FDH nevertheless only get counted once in Table 3.   

    b: One paper is just a survey so has no study, 0ne as having a questionable number of DMUs 

twice and enough once as it has three disparate studies, one paper as consisting of enough DMUs 

but uses neither DEA nor FDH as it exploits an “other” non-parametric process. 

 

Scrutinizing the quantities of DMUs, inputs and outputs, for the three hundred and seventeen 

fitting cases involving a non-parametric approach looked at fifty-one (about 16.1%) do not seem 

to comprise sufficient DMUs to have credibility.  A further twenty-two (about 6.9%) appear 

questionable. 

 

Associated with the idea of utilizing a parametric approach is which functional form should upon 

to obtain the efficient frontier. Necessities include that the function can perform well over a 

                                                             
12 The majority of cases here are due to the manner in which the efficiency results are presented. 
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range of data points (Caves and Christensen (1980)), be parsimonious in parameters and tolerate 

zero outputs (Caves, Christensen and Trethway (1980)).  Common functional forms incorporated 

are the Cobb-Douglas, Box-Cox, translog and the Fourier Flexible (Sun and Zhong (2011) with 

others suggested being the Leontief and the quadratic (Caves and Christensen (1980)) along with 

the constant-elasticity-of-substitution (CES) and linear functions.  The choice of functional form 

implies the shape of the isoquants (here representing the combinations of inputs resulting in the 

same output ) and likewise the values of elasticities of factor demand and factor substitution 

(Greene (2008)). 

 

Each functional form has its strengths and weaknesses.  For example, with greater than one 

output a Cobb-Douglas cost function can give rise to all of the potential frontiers being convex 

instead of concave which implies only a few outputs being specialized by all DMUs (Greene 

(2008).  It also results in constricting scale properties on the frontier which can lead to 

substitution elasticities not equalling one being confused with inefficiency (Knox Lovell (1993)).  

Another shortcoming with the Cobb-Douglas, along with the Leontief, CES, and linear 

functional forms, is the consequence of possible production factor substitution being constrained 

again with the outcome of substitution elasticities not equalling one being confused with 

inefficiency (Knox Lovell (1993), Segal (2003)).  The quadratic has the weakness of not 

allowing for price linear homogeneity. 

 

To avoid the preceding deficiencies flexible functional forms began to be employed with the 

translog most often, perhaps as it needs few confining assumptions concerning the technology 

(Kasman and Turgutlu (2009).  As well both the translog and the Fourier Flexible functional 

forms generate a high volume of interaction terms and accordingly potentially describe a larger 

part of the deterministic relationships within the data than does the Cobb-Douglas (Ward (2002). 

Nonetheless these functional forms contain flaws for instance as not being monotonic or globally 

convex; both attributes the Cobb-Douglas cost function exhibits (Greene (2008)) and that the 

interaction terms can result in a multicollinearity being of greater potential and hence a 

corresponding lower capacity to know what causes costs or profits (Ward (2002)).  Additionally 

the translog and Fourier Flexible have no allowance for output values of zero.  Plus the translog 

may not effect a good fit with data far away from the average of the size or mix of outputs 

therefore to correct for this defect the Fourier Flexible is suggested (Berger and Mester (1997)).   

 

It should be noted that some of the studies draw upon more than one functional form thus the 

totals of the parametric approaches in Table 1 above do not match the total number of papers 

here.  The counts of functional forms are expounded in Table 4 underneath: 
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     Table 4 Counts of Functional Forms: Papers Employing a Parametric Approach 

Functional 

Form 

Number of Papers with no 

Author Duplication 

Number of Papers 

Translog 49 (4 use FF) 62 (7 use FF) 

Cobb-Douglas 15 15 

Composite 5 5 

Other 2 2 

Unknown 6 6 

    a: The unknown papers consist of five papers where the functional form is not shown, and one     

where only the fact that SFA is applied has been observed.  

 

8.3 Output Proxy Sets 

Weiss (1986) observes, that “to measure output volume, the services provided to insureds must 

be expressed in measurable and identifiable units.”  Problematically as the output for life 

insurance is in the nature of intangible services, the amount of output is obliged to be 

approximated by proxies (Erhemjamts and Leverty (2009), Leverty, Lin and Zhou (2004), Weiss 

(1986)).  Consequently as any efficiency scores obtained can be “misleading or meaningless” if 

outputs and inputs are not defined suitably (Cummins and Weiss (2000), Jarraya and Bouri 

(2013)) it is mandatory to utilize appropriate and quantifiable units for both outputs and inputs.  

Indeed, “careful analysis is required to isolate measurable factors that are directly proportional to 

the services provided;” (Weiss (1986)) especially for the value-added procedure (which most life 

entity efficiency studies incorporate) as the goal is to determine which activities add worth.13 

 

One of the eighty total papers (that is permitting for author duplication) applying both output 

types comprise three studies altogether, with two of the three studies including premium(-type) 

outputs and the other reserve(-type) outputs.  One other of the eighty employ two studies, with 

one of the studies encompassing premium(-type) outputs and the other reserve(-type) outputs. 

Two other of the eighty total papers consist of two studies, each study with both premium(-type) 

outputs and reserve(-type) outputs.  One of these latter two papers uses the two studies only to 

assess which method (SFA or DEA) is best to incorporate to calculate efficiency.  The other has 

two completely separate studies (i.e. with distinct enterprises).  The other seventy-six papers of 

the eighty total have one study which utilizes both premium(-type) outputs and reserve(-type) 

outputs.  The counts of output proxy sets, where they are known, are illustrated in Table 5 below: 

 

 

 

 

 

 

                                                             
13 See Wise (2017) for a discussion and evaluation of output and input proxies drawn on in life insurance efficiency 

works. 
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    Table 5 Counts of Output Proxy Sets 

Output Proxy Set Number of Papers with no 

Author Duplication 

Number of Papers 

(Akin to) Premiums and 

Number of Policies 

187 264 

(Akin to) Claims and 

(Change in) Reserves 

111 

 

191 

Both 

(within the above) 

58 80 

   

Other:   

     Investment Income 122 162 

     Assets 55 92 

     Sum Insured 7 12 

     Dividendsa  5 8 

     Profit or Incomeb 77 94 

     Loans 3 3 

     Otherc 27 29 

Not Applicabled 2 3 

   a: Policyholder or shareholder 

   b: Of all kinds 

   c: The papers with author duplication represent an author specifying the same “other” output in  

       more than one paper. 

   d: Two of these do not comment upon which output proxies are exploited, the third is just a 

survey hence has no efficiency appraisal. 

 

When monitoring the number of readings without author duplication the recent trend has been 

that more have utilized output proxies (akin to) premiums and number of policies. Going by a 

straight number of articles the recent trend is similar.  The volume of projects incorporating the 

disparate groups of output proxies year-by-year (starting in 1993) are portrayed in Figure 12 and 

Figure 13 beneath:  
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One 1983 and one 2024 paper using Premiums & #Policies also in the survey.  Additionally 

there is one paper using both Premiums & #Policies and Claims & Reserves for which the year is 

not extant.  

 

Figure 12. Number of Life Insurance Efficiency Studies Using Different Output Proxy Sets 

with no Author Duplication (Year-by-Year) 

 

 
One 1983 and one 2024 paper using Premiums & #Policies also in the survey   Additionally 

there is one paper using both Premiums & #Policies and Claims & Reserves and another using 

just Premiums & #Policies for which the years are not extant. 

 

Figure 13. Number of Life Insurance Efficiency Studies Using Different Output Proxy Sets 

(Year-by-Year) 

 

A majority of writings using an output proxy (akin to) premiums employ only (earned) 

premiums.  Six items conclude that it is better not to draw upon such an output proxy though do 

for various reasons. Only a few apply premiums combined with a corresponding value.  
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Related to the notion of specifying an output proxy (akin to) premiums is that of exploiting the 

number of policies.  Motives given include that premium increases influence the output amounts 

(Bernstein (1998)); premiums are not quantity of output as they are the product of price and 

quantity (and thus are revenue) (Cummins and Zi (1997), Leverty, Lin and Zhou (2004)); and 

there can be premium differences between large and small insurers (Boonyasai, Grace and 

Skipper, Jr (2002); Yuengert (1993)). 

 

The counts of output proxies utilized in papers incorporating those (akin to) premiums are 

revealed in Table 6 following: 

 

Table 6 Counts of Output Proxies: Papers Using Premiums 

Output Proxy Number of Papers with no 

Author Duplication 

Number of Papers 

Premiums Onlya  

(not Earned Premiums) 

161 217 

Earned Premiums 27 37 

Number of Policies Only 6 7 

Premiums and  

Number of Policies 

7 (1 uses EPs) 7 (1 uses EPs) 

   a: Six papers (five when disallowing author duplication) state that employing premiums is 

inappropriate. 

 

8.4 Form of Input Proxies 

One aspect of the inputs drawn on in life institution efficiency research is the form of the inputs. 

The two most prevalent forms are input prices and input monetary values.  The articles 

incorporating quantities of inputs e.g. the number of employees, do so in combination with 

monetary values (except in one case). The counts of input proxy forms utilized, where they are 

known, are declared in Table 7 underneath: 

 

   Table 7Counts of input proxy forms 

Input Form Number of Papers with no 

Author Duplication 

Number of Papers 

Prices 70 119 

Monetary Values 206 307 

Numbers/Quantities 64 86 

Ratio 7 7 

Other 1 (is input variance/ratios) 1 

 

When probing the volume of papers both without and with author duplication the trend has been 

that more have exploited input monetary values as an input proxy recently. The quantity of 
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projects using the diverse input proxy forms year-by-year (initiating in 1993) are conveyed in 

Figure 14 and Figure 15 below: 

 

 
One 1983 paper using IP prices and IP monetary values, one 2024 paper using IP monetary 

values and one 2024 paper using IP monetary values and IP quantities also in the survey.  

Additionally there is one paper using IP monetary values for which the years are not extant.  

 

Figure 14. Number of Life Insurance Efficiency Studies Using Different Input Proxy Forms with 

no Author Duplication (Year-by-Year) 

 

 
One 1983 paper using IP prices and IP monetary values, one 2024 paper using IP monetary 

values and one 2024 paper using IP monetary values and IP quantities also in the survey.  

Additionally there are two papers using IP monetary values for which the years are not extant.  

 

Figure 15. Number of Life Insurance Efficiency Studies Using Different Input Proxy Forms 

(Year-by-Year) 
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A fundamental feature of life business efficiency pieces specifying input prices is the idea of 

drawing on ones that are common (by year) across companies.  Papers utilizing input prices that 

are partly common and partly not are utilized in twenty-seven are labelled as Mixed in Table 8 

which elucidates the counts of commonality of input prices: 

 

Table 8 Counts of Input Price Commonality: Papers Exploiting Input Prices 

Price Commonality Number of Papers with no 

Author Duplication 

Number of Papers 

All Common 24 46 

Mixed 27 37 

All Not Common 30 34 

   a: Note three overall papers have unknown commonality and one paper is in two categories. 

 

As can be seen in Table 8 more than seventy percent of the studies those specifying input prices 

seen use some common input prices (by year) across companies. Of these over fifty-five percent 

only have input prices that are common (by year) across companies. This is a shortcoming 

because different insurers pay different prices for inputs such as wages, materials and capital. For 

the case of equity capital as life insurers have diverse asset sets clearly they have different costs 

of capital hence the assumption that said cost is common is inaccurate.  As to the price of labor 

insurers have even more different rosters of employees than asset sets so assuming they have a 

constant labor cost is definitely inaccurate.  So more researchers need to put forth the effort to 

ensure that they use uncommon input prices.  

 

When examining the research with author duplication in general there were more papers with 

prices being common until 2012 and afterward there has been no trend.  For papers without 

author duplication there has been no trend taking into account whether the most works have 

specified common, not common or mixed input prices. 

 

9. Conclusions and Further Research 

This paper has built upon previous studies for instance Berger and Humphrey (1997), Cummins 

and Weiss (2000), Eling and Luhnen (2010a), Jarraya and Bouri (2013), Bu and Wang (2014), 

Pawar Waghavkar and Sananse (2015) and Zinyoro and Aziakpono (2023) to enumerate and 

explore the techniques incorporated the most in over 510 works to determine life insurance 

efficiency. This paper has also inspected the numbers and recent trends of methods and some 

aspects of life entity efficiency estimation. 

 

One conclusion drawn from the results of this project is that the steady increase in both the 

volume and scope of pieces scrutinizing life firm efficiency means that it is being perceived as 

being of greater and greater importance.  However it seems that more attention should be paid to 

both the profit and allocative efficiency of and the services provided via life insurers.  In addition 

due to the large percentage of life insurance efficiency items treating life insurance and general 
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insurance totally together it is conceivable to conclude that the overall credibility of life 

insurance efficiency research is questionable.   

 

Considering the methods employed to calculate efficiency scores many more could and should 

apply at least two and compare the outcomes derived, especially on a company-by-company 

basis.  Such a difference may result in (significantly) different conclusions being drawn from the 

piece.  At the very least the conclusions of the project could be confirmed.  For non-parametric 

approaches specifically greater care could be utilized in ensuring that a sufficient quantity of 

DMUs versus that of input and outputs is used.   

 

There are many potential directions for further research in life insurance efficiency.  One 

prospect is more articles with a focus on 1) countries with an increasing GDP and 2) countries 

with a reasonably high life insurance premium per capita value for which little has been done.  

With respect to the former Brazil, Mexico and the KSA are fitting, for the latter Chile, the UAE 

and Uruguay are apt.14  A deduction from this study is that to what is perhaps the most crucial 

possibility of profit efficiency more attention should be paid.  Less than 7% of the readings 

looked at have incorporated profit efficiency.  Likewise a key potential for further research is 

allocative efficiency; being analyzed in less than 3.8% of relevant articles written since 2015.    

 

As well further research can be undertaken regarding the manners exploited to compute life 

enterprise efficiency.  It appears clear that more papers should draw upon both a parametric and 

nonparametric approach (only 12 of the 505 applicable do so) and compare the results derived as 

they may differ significantly.  Similarly a larger proportion of works employing both approach 

types could display a company-by-company comparison of the scores obtained from them.  

Additionally creations might try varied methods, such as DFA and FDH.  Plus a higher quantity 

of authors applying a (semi-) parametric approach can utilize more than one functional form and 

compare outcomes as they may equally diverge extensively.  The identical remarks relating to 

exploiting both a parametric and nonparametric method and can be said with respect to the two 

basic sets of prevalent output proxies 1) reserves (or their change) and claims and 2) premiums 

and policy numbers.   

 

Additional directions for further research include splitting the companies in diverse ways instead 

of just investigating them as a whole.  Two splits are splitting the institutions by service and line 

of business.  Another split is to monitor business written within each company domestically 

versus outside of the country of domicile.  Any of these splits would be useful in that it will 

indicate on which specific areas life entities might concentrate. 

 

Further research opportunities concerning efficiency include probing it as to 1) reinsurance 

which will allow for an examination of the effect of reinsurance on life firm efficiency, 2) how 

efficiency is affected through company expansion or the volume of business written and 3) how 

                                                             
14 In this survey only one individual nation reading takes into account Brazil along with it being in two multiple 

country items.  For Mexico the corresponding values are three and two, for the KSA one and five, for Chile zero and 

three, for the UAE two and fourteen and for Uruguay zero and two. 
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efficiency is influenced via product development.  In addition an analysis of the trends explored 

in this article may help show which are the best directions to take further research. 

 

As life insurance efficiency is a subject gaining in recognition as being critical to analyze it can 

be important to both practitioners and regulators. Therefore those concerned with life insurance 

efficiency can potentially find this project useful as it will enable an assessment of which aspects 

of this field of study need more research and which are otherwise worth developing. 
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