
Decision Analytics Journal 4 (2022) 100115

A
a
R
a

b

c

A

K
P
M
P
E
D
G
R

1

i
o
h
m
w
t
t
a
t
d
w
b
R
t
p
a
t
s
c

s
g

h
R
A
2
(

Contents lists available at ScienceDirect

Decision Analytics Journal

journal homepage: www.elsevier.com/locate/dajour

n integrated Data Envelopment Analysis and generalized additive model for
ssessing managerial ability with application to the insurance industry
ajiv. D. Banker a, Alireza Amirteimoori b,∗, Ram Pratap Sinha c

Merves Chair in Accounting and Information Technology, Fox School of Business, Temple University, Philadelphia, USA
Department of Applied Mathematics and Operations Research, Rasht branch, Islamic Azad University, Rasht, Iran
Government College of Engineering & Leather Technology, Kolkata, 700106, West Bengal, India

R T I C L E I N F O

eywords:
rescriptive analytics
anagerial ability

erformance measurement
fficiency
ata Envelopment Analysis
eneralized additive model
egression

A B S T R A C T

Managerial ability plays a vital role in the performance of business enterprises; however, such efforts are
not directly observable. This study estimates managerial ability within the insurance sector of the economy
based on two data sets from two different Asian countries. We estimate insurer-wise efficiency using Data
Envelopment Analysis (DEA) and regress the logarithm of the obtained technical efficiency on a set of
contextual variables influencing insurer performance. In the next stage, we estimate managerial ability from
regression residuals (the difference between the observed and fitted values of insurer efficiency). Furthermore,
we use this measure of managerial ability as an independent variable for explaining return on equity based
on ordinary least squares and general additive model (GAM) regression and show the relationship is highly
significant. We compare and contrast the average technical efficiency and managerial ability in the two Asian
countries.
. Introduction

It is a common knowledge that managerial ability plays a key role
n the economic performance of any productive firm. In the context
f strategic management, the impact of managers on firm performance
as been studied extensively. Castanias and Helfat [1] pointed out that
anagerial talent is one of the key resources at the disposal of a firm
hich plays a crucial role in the acquisition and sustenance of competi-

ive advantage. Adner and Helfat [2] and Helfat and Peteraf [3] termed
his as managerial cognitive capability which includes both physical
nd mental abilities. However, the measurement of managerial cogni-
ive capabilities remained a challenging issue in view of the associated
ifficulties of disentanglement of the component from other factors
hich also influence firm performance. Recently, important steps have
een taken to measure managerial ability by using DEA methodology.
egarding the importance of managerial ability, Chang et al. [4] argued

hat Do CEOs really matter? Do cross-sectional differences in firm
erformance and CEO pay reflect differences in CEO ability? Banker
nd Park [5,6] have used DEA to propose a statistical foundation of
he measurement of managerial ability by a three-stage approach. They
howed that their DEA-based three-stage approach yields a statistically
onsistent estimator of managerial ability.

In view of the importance of managerial ability, the present study
eeks to estimate managerial ability in the context of Indian and Iranian
eneral insurance markets. General insurance encompasses all other

∗ Corresponding author.
E-mail address: ateimoori@iaurasht.ac.ir (A. Amirteimoori).

forms of insurance (fire, marine, motor, health and various other areas
like travel, contingent business liabilities etc.) except life insurance.
Given the complexities and uncertainties that are associated with mod-
ern form of business, the general insurance sector has an important
role to play in a market economy. The Indian and Iranian insurance
markets experienced major structural changes as a consequence of
the introduction of privatization, deregulation of entry, establishment
of a market regulator. In both the countries, the general insurance
sector had an impressive growth during the last two decades which
was greatly facilitated by the reform process. Recently, several new
players have entered the general insurance markets of the two countries
including both diversified and specialized insurers. As is only natural,
the changed market structure in the general insurance sector has led to
an intensification of competition and increased economies of scope in
the market.

The growth of the general insurance market in India and Iran has
led to an increased attention of the researchers and policymakers and
during the last one decade, several research studies have been made
on efficiency evaluation of the general insurance companies operating
in India and Iran. However, till date no research study has attempted
to evaluate managerial ability which is one of the key driving factors
behind firm performance. The current study intends to fill this gap
and seeks to provide a measure of managerial ability in the context
of Indian and Iranian general insurance industry which is based on the
framework provided by Demerjian et al. [7,8]. Toward this end, this
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paper uses data for 20 Indian and 18 Iranian general insurers for a
six-year’ time period (2012–13 to 2017–18). Although, the production
possibilities are different between India and Iran due to the differences
in environments and regulations, it has been assumed that the business
environment and production sets are homogeneous within each coun-
try. There are no major differences in institutional environment to make
this comparison difficult to digest.

This paper is organized as follows: Related research studies are
given in Section 2. Section 3 provides a brief overview of the Indian
and Iranian general insurance sectors. Section 4 introduces the research
methodology. Section 4 includes data, variables and discussion of
results. Section 5 concludes.

2. Related literature

In modern firms, the separation of corporate ownership and man-
agement brings to the fore the problem of evaluating managerial perfor-
mance. Inter alia, there are two fallouts of the separation of ownership
and control. One, the desires and goals of the firm owner and the
firm manager can be different. Two, managerial efforts are not directly
observable. What the stakeholders can observe is the output generated
by the company and it is an outcome of several influential variables
including managerial skills. In fact, the second problem reinforces
the first one as the non-observability of managerial effort promotes
risk-taking. There are numerous research studies which focus on the
applications of DEA and on the problem of designing optimal incentive
schemes in presence of asymmetric information (see [9] and [10]).
Many of these applications have focused on insurance sectors. Tone and
Sahoo [11] have used DEA to evaluate the cost efficiency and returns to
scale in the Life Insurance Corporation of India. Segovia-Gonzalez et al.
[12] have used DEA methodology to assess 80 000 car insurance poli-
cies. Wanke and Barros [13] investigated the role of heterogeneity in
the insurance sector. They used a balanced panel data set on Brazilian
insurance companies as a case study. Anandarao et al. [14] evaluated
the efficiency of Indian Life Insurance Industry by employing two-stage
Relational DEA methodology to derive system and divisional efficiency
scores. Zhao et al. [15] investigated the evolution and determinants
of the profitability of 53 Chinese property insurers during 2013–2017.
They have used DEA methodology to measure the profitability by profit
ratio efficiency and applied profit ratio change index to compare the
performance of these insurers over different periods. Nourani et al.
[16] presented the applicability of DEA methodology to 32 unique
companies operating in the Chinese insurance industry over the sample
period 2014–2018.

Several research studies assessed the impact of managerial quality
effects on firm performance. Barr and Siems [17] developed two bank
failure prediction models based on CAMEL rating-based efficiency esti-
mation and found management quality as an important determinant
of bank failure. Bertrand and Schoer [18] estimated the impact of
managerial (CEO and CFO) fixed effects on corporate policy variables
using manager-firm matched panel data. The corporate policy variables
incorporated in the study included investment policy, financial policy,
organization strategy and performance. Leverty and Grace [19] esti-
mated revenue and cost efficiency of property-liability insurers and
estimated the impact of CEO-specific effects on such efficiency.

Another approach has been to consider the efficiency of the ob-
served firm as the indicator of managerial skills/ability. Murthi et al.
[20] estimated managerial efficiency by measuring relative marketing
and production efficiencies. Relative marketing efficiency refers to the
performance based on return on investment and market share relative
to five managerial inputs. Relative production efficiency, on the other
hand, is measured by the return of investment performance relative
to purchase and manufacturing expenses. These efficiency scores were
then used to control for managerial skills for estimating the effects
of first mover advantage on market share. Kweh et al. [21], on the

other hand, considered several individual components of intellectual
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capital [22] as proxies of managerial skills and estimated the efficiency
of Malaysian public-listed software companies in terms of their ability
to transform intellectual capital in to corporate values (represented
by Tobin’s Q and return on equity). The three components of intel-
lectual capital included in the study are Capital Employed Efficiency
(=value added from operations relative to the book value of net assets),
human capital efficiency (=value added relative to human capital)
and Structural Capital Efficiency (=structural capital relative to value
added).

The most appealing approach concerning managerial ability was
introduced by Demerjian et al. [7]. Their study is based on manager’s
relative efficiency in their ability to convert productive resources in
to revenues. The method suggested by them involves estimation of
managerial ability in a two-stage approach whereby firm wise rela-
tive efficiencies are calculated in the first stage (by applying Data
Envelopment Analysis) in terms of their observed ability to generate
revenues relative to the quantity and mix of resources deployed by
them. Firm-level efficiency determination is thus the first stage of
whole exercise. Demerjian et al. [7] pointed out that the firm-level
efficiency measure estimated in the first stage is determined by several
contextual variables including managerial ability. It is thus essential in
the second stage to eliminate the impact of various other influential
variables on firm-efficiency estimates. In the second stage, therefore,
they advocated that the effects of firm size, market share, positive
free cash flow, the extent of diversification (both product-wise and
geographic), effects of time, industry effects and firm age need to be
removed so that the managerial ability factor could be identified. Since
the unexplained part of efficiency may still contain other unidentified
environmental variables, it is essential to carry out validation tests at
this stage for assessing whether the residual measure truly indicates
managerial ability. Demerjian et al. [8] examined the relationship
between earnings quality and managerial ability. The outcome of the
study indicated that managers with higher level of ability positively
influences the quality of firm earnings as indicated by indicators like
higher level of earnings, persistence of earnings, fewer restatement
of earnings, lower errors in the provisions for non-performing assets
etc. Demerjian et al. [23] investigated whether managers with higher
ability enables more stable earnings management. The study found
strong evidence that managers with higher ability level are significantly
more likely to engage in intentional smoothing of earnings and this is
associated with improved operational performance in future. Banker
et al. [24] have shown that the method proposed by Demerjian et al. [7]
provides a consistent estimator of managerial ability. Kumar and Zbib
[25] investigated whether managerial ability of the Chief executive
officer (CEO) affects firm performance during a crisis period. They
concluded that there is a positive and significant relationship between
the CEO managerial ability and both the cumulative raw and abnormal
returns.

The objective of the present study is to estimate the managerial
ability of the Iranian and Indian general insurers. In this sense, two
important managerial ability studies related to the insurance sector
in the international context are given. Both research studies provided
useful insights about the dynamics of managerial ability albeit in differ-
ent regional contexts. Banker et al. [26] estimated managerial ability
of the US property–liability industry for the period 2005–2015 based
on 17,040 firm-year observations. The study found that managerial
ability is strongly associated with manager fixed effects and is positively
associated with return on assets (ROA). Also, replacing low-ability
CEOs with high-ability CEOs leads to an increase in ROA. The study also
investigated the type of firms with high managerial ability and found
that CEOs who manage more affiliated insurers have higher managerial
ability.

Cvetkoska et al. [27] estimated managerial ability in the insurance
companies of North Macedonia, Croatia, Serbia and Slovenia and iden-
tified its determinants. Inter alia, the study found that CEO duality,
board size, board composition, gender diversity and CEO gender have
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insignificant impact on the managerial ability and the diversity of
nationalities of the CEO revealed positive and significant impact. Kan-
sra and Singh [28] evaluated the relative efficiency and productivity
growth in health insurance business of public and private general insur-
ance companies in India. Their analysis was made by DEA methodology
and Malmquist productivity index.

3. An overview of general insurance sectors in southern and west-
ern asia

(a) General insurance
Modern insurance business in India commenced in 1850. More than

hundred general insurance companies existed in 1973 India when the
industry was nationalized and four state-sponsored general insurance
companies were formed by amalgamating 107 private general insurers.
The newly form public sector general insurer companies operated
as subsidiaries of General Insurance Corporation of India which was
established as the reinsurer for the general insurance sector. Since
July 1991, India adopted liberalization, privatization and globalization
policies with an important role being provided for the private sector.
Financial sector growth and financial market deepening remained an
integral part of the Indian reform process as the sector was one of the
chosen areas which were opened up in the initial phase. Following
the initiation and implementation of banking sector reform (1991
onwards), the Govt. of India formed a High-Powered Committee on
the Indian Insurance Sector (1993) for reviewing the then existing
insurance sector scenario and recommending measures for promoting
competitive efficiency and establishing the insurance sector regulatory
framework. On the basis of the recommendations of the Committee, the
Insurance Regulatory and Development Authority was established in
1999 and given statutory powers in 2000. The market was deregulated
by IRDA (Insurance Regulatory and Development Authority) in August
2000 which resulted in the entry of private insurance companies in both
the life and non-life segments.

The insurance industry in Iran started in 1910. Central insurance of
IR of Iran, founded in 1971, is an independent organization established
in the form of state-owned company and the insurance industry in Iran
is regulated and supervised by central insurance of Iran. In 2006, the
market share for governmental insurance companies was 74% and at
the end of 2008, out of 20 active insurance firms, only four of which
were state-owned. After that, Iran’s insurance industry gradually moved
towards privatization. As of 2014, 32 insurance companies do business
in Iran and all of them, except one are private companies.

(b) Growth in business
In the post-liberalization phase (year 2000 onwards), the Indian

general insurance sector underwent important regulatory and structural
changes during the last two decades leading to a rapid growth of the
industry. Table 1 provides a comparative picture of the Indian and
Iranian economy during the period under consideration. In specific, the
table compares Indian and Iranian GDP, population and gross direct
premiums for both life and non-life insurance segments for the period
under consideration. The table indicates that Iranian GDP underwent
considerable fluctuations during the period and this had its due impact
on the insurance sector as well.

Table 2 provides an overview of the industry growth in both the
countries as expressed in terms of insurance penetration and insurance
density during the period 2012–13 to 2017–18. Insurance penetration
refers to the ratio of insurance premium to the country GDP. Insurance
density, on the other hand, refers to the per capita insurance premium
(expressed in US dollar). It may be mentioned that general insurance
penetration of India was only 0.54 in 1999 which increased to 0.97 by
2018 implying an increase of approximately 80%. During the similar
period, insurance density grew from 2.4 to 19. During the same period,
insurance penetration increased secularly from 1.45 to 1.6 between
2012–13 and 2014–15, declined to 1.33 by 2016–17 and moved up
3

to 2017–18. Insurance density, however, improved steadily from 96 to
133 during the observed period.

The insurance industry in Iran, like other industries, has been
affected by economic and political circumstances. The years 2005 to
2013 may be considered as one of the most unstable periods of Iran’s
economy. The performance’ weakness of financial and industrial enter-
prises, the market downturn and the lack of motivation due to the lack
of a good international relations have been the most important reasons
for this instability. Since 2012 and with the change of government,
economic prosperity has been created in the markets of business and
financial enterprises and the result of which was a boom for business
and a shiny future in Iranian markets and industries. Nuclear deal
and peaceful talks in years 2013 and 2014 were the main reasons of
this optimism. Unfortunately, and immediately, with the escalation of
political disputes between Iran, US and the European Union, Iran’s
economic situation was once again on the path of recession. The
unexpected devaluation of the national currency was one of the most
important losses in this period, and as a result, many industrial sectors,
including the insurance industry, suffered. An unexpected increase in
insurance rates leads to a stagnation in this industry.

(c) Objectives of the present study
As indicated earlier, the present study seeks to estimate managerial

ability for the Indian and Iranian general insurance sectors. Given the
trend witnessed in the general insurance sectors in India and Iran, we
formulate the following three hypotheses:
H1: The variance of managerial ability in Iranian insurance companies
is higher than Indian companies.
H2: Despite the existence of unstable economy in Iran, the technical
efficiency and managerial ability of Iranian insurers were higher than
Indian insurers.
H3: There is a significant relationship between return on equity and
managerial ability and market share.

4. Methodology of estimation

Following Demerjian et al. [7] and Banker and Park [6], we have
adopted a three-stage estimation process for the measurement of man-
agerial ability. The various stages involved in the process includes the
application of the radial DEA model introduced by Banker et al. [29] in
the first stage for the computation of insurer-wise efficiency scores. In
the second stage, we use the ordinary least squares (OLS) method for
the estimation of the impact of contextual variables on the efficiency
scores generated from the first stage. The contextual variables used in
the second stage includes various other factors (excluding managerial
ability) which influence firm performance. Next, we have estimated
an indicator of managerial ability as the residual from the application
of ordinary least squares in the second stage. Finally, as a measure of
validation of the outcome, we have regressed return on equity ratio of
the observed general insurers on the measure of managerial ability. In
this stage, we have used General Additive Model regression in addition
to the ordinary least square method.

For providing a brief description of the efficiency evaluation pro-
cess, we consider a production technology set which converts mul-
tiple incommensurate inputs in to multiple incommensurate outputs.
Suppose that there are n Decision Making Units (DMUs) to be eval-
uated. Each 𝐷𝑀𝑈𝑗 uses 𝑋𝑗 = (𝑥1𝑗 , 𝑥2𝑗 ,… ., 𝑥𝑚𝑗 ) to produce 𝑌𝑗 =
(𝑦1𝑗 , 𝑦2𝑗 ,… ., 𝑦𝑠𝑗 ). The production possibility set P which includes fea-
sible production plans of the producer can be represented as:

𝑃 = {(𝑋, 𝑌 ) ∈ 𝑅𝑚+𝑠, 𝑋 𝑐𝑎𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑌 }

In order to provide an Algebraic form of the production set P, the
following axioms are assumed to be satisfied:

a. Free disposability: If (𝑋, 𝑌 ) ∈ 𝑃 , then (𝑋′, 𝑌 ) ∈ 𝑃 , where 𝑋′ ≥
′ ′
𝑋. Similarly, If (𝑋, 𝑌 ) ∈ 𝑃 , then (𝑋, 𝑌 ) ∈ 𝑃 , where 𝑌 ≥ 𝑌 .
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Table 1
Key indicators of the economy: India and Iran.
Source: World bank and CIIRI (Central Insurance of IR of Iran).

Indicator Country 2013 2014 2015 2016 2017 2018

GDP in billion US Dollar India 1857 2039 2104 2295 2652 2701
Iran 460 432 385 417 445 294

Population (in Million) India 1281 1296 1310 1325 1339 1353
Iran 76.4 77.4 78.4 79.5 80.6 81.8

Gross direct premium in billion USD (Life insurance) India 45 000 48 700 50 900 56 800 64 900 71 100
Iran 690 1166 1001 1084 1201 764

Gross direct premium in billion USD (General insurance) India 9280 11 060 12 030 15 000 19 900 23 400
Iran 5290 6091 4294 4379 4673 3117
i

Table 2
Growth in general insurance penetration and general insurance density.
Source: IRDA and CIIRI Annual Reports.

Country 2013 2014 2015 2016 2017 2018

Insurance
penetration

India 0.80 0.70 0.70 0.77 0.93 0.97
Iran 1.43 1.5 1.6 1.45 1.33 1.49
United States 4.30 4.30 4.20 4.29 4.28 4.26
China 1.40 1.50 1.60 1.81 1.89 1.92
World 2.80 2.70 2.80 2.81 2.80 2.78

Insurance
density

India 11 11 12 13.2 18 19
Iran 96 101 104 112 125 133
United States 2296 2360 2377 2449 2542 2672
China 91 109 128 147.2 159 185
World 285 294 276 285 297 312

b. Convexity: The convexity axiom implies that if (𝑋, 𝑌 ) ∈ 𝑃 and
(𝑋′, 𝑌 ′) ∈ 𝑃 , then (𝑋𝑐 , 𝑌 𝑐 ) ∈ 𝑃 in which 𝑋𝑐 = 𝑤𝑋 + (1 − 𝑤)𝑋′,
𝑌 𝑐 = 𝑤𝑌 + (1 −𝑤)𝑌 ′ and 𝑤 ∈ [0, 1].

c. Inclusion of Observation: All observations (X, Y) are included in
𝑃 .

d. 𝑃 is minimal set satisfying axioms a - c.

aking the foregoing four axioms in to consideration, the mathematical
orm of the empirical production possibility set 𝑃 in variable returns to
cale environment is as follows:

= {(𝑥, 𝑦)∶
𝑛
∑

𝑗=1
𝜆𝑗𝑥𝑗 ≤ 𝑥,

𝑛
∑

𝑗=1
𝜆𝑗𝑦𝑗 ≥ 𝑦,

𝑛
∑

𝑗=1
𝜆𝑗 = 1, 𝜆𝑗 ≥ 0, 𝑗 = 1,… , 𝑛}

In order to estimate the relative efficiency of the DMUs, we invoke the
concept of distance function as introduced by Shephard [30,31,32] and
Farrell [33]. Distance functions enable comparison of inefficient obser-
vation points with the efficient points on the efficient frontier. Since
efficiency can be estimated from both input and output standpoints,
we can accordingly present the input and output-oriented distance
functions as:

𝐷𝐼𝑛𝑝𝑢𝑡
𝐹𝑎𝑟𝑟𝑒𝑙𝑙 = 𝑀𝑖𝑛{𝜃 ∶ (𝜃𝑋, 𝑌 ) ∈ 𝑃 }

𝐷𝑜𝑢𝑡𝑝𝑢𝑡
𝐹𝑎𝑟𝑟𝑒𝑙𝑙 = 𝑀𝑎𝑥{𝜙 ∶ (𝑋,𝜙𝑌 ) ∈ 𝑃 }

The input distance function provides the maximum amount by which
the observed input quantity can be multiplied and yet the reduced input
quantity is capable of producing the given level of output (target). On
the other hand, the output distance function provides the maximum
amount by which the observed output can be multiplied and yet the
revised output (target) can be produced by the given level of input.
Shephard distance functions can be obtained by inverting the distance
function of Farrell.

The concept of distance function relates the inefficient point with
the best practice points. However, for empirical estimation of effi-
ciency, the benchmark needs to be constructed which can serve as the
basis for efficiency evaluation. As DEA is a data-driven approach, it
enables the construction of the input and output frontiers from the
entire set of input and output observations in both stochastic and
deterministic environments (see for instances [34] and [35]).
4

In measuring the managerial ability, the application of DEA in
the first stage yields several advantages over the competing frontier
estimation methods. First, we do not require the a priori assumption of
any particular functional form of the relationship between the inputs
and outputs. Second, we are able to accommodate multiple outputs for
efficiency evaluation without requiring to go for aggregation. Finally,
the assumption of convexity is consistent with economic theory.

In the second stage of the estimation process, ordinary least squares
method for estimating the impact of contextual variables on efficiency
scores has been applied. Banker and Natarajan [36],Banker et al.
[37] contributed a statistical foundation for carrying out second stage
regression analysis for exploring the impact of contextual variables on
efficiency scores generated from the first stage. The study proved (in
terms of Monte Carlo simulation) that when input and output data are
generated by a monotone increasing and concave production function
(which is separable from a parametric function of the contextual vari-
ables), the application of a two-stage approach involving the estimation
of efficiency in the first stage by DEA and regression of estimated
efficiency scores on the contextual variables in the second-stage using
ordinary least squares generates consistent estimators of the parameters
of the contextual variables. In this sense, we will apply the following
regression model in the second stage:

𝐿𝑜𝑔10
(

𝐸𝐷𝐸𝐴
)

= 𝛽0 + 𝛽1𝑍1 + 𝛽2𝑍2 +⋯ + 𝛽𝑟𝑍𝑟 + 𝑈

n which Log(𝐸𝐷𝐸𝐴) is the logarithm of the efficiency score of 𝐷𝑀𝑈𝑗 .
Once the least square estimates of the regression parameters are

available, we can compute the residuals from the OLS estimate. This
residual provides a good measure of managerial ability provided that
the contextual variables do not control for it.

In the final stage, we have used both OLS and GAM regression for
estimating the impact of managerial ability (OLS residual) on return on
equity. The OLS regression model is preferred over the Tobit regression
model because in actuality, the efficiency scores are not generated from
a process of data censoring. Instead, the second stage regression should
be carried by a method which expresses the dependent variable in terms
of fractional data [38].

A generalized additive model (GAM) is a generalized linear model
in which the dependent variable depends linearly on unknown smooth
functions of some explanatory variables. GAM regression was originally
developed by Hastie and Tibshirani [39] by combining properties of
general linear models with additive models. If 𝐸𝐷𝐸𝐴 denotes the effi-
ciency scores generated from DEA and we have r contextual variables
𝑍1, 𝑍2, . . . , 𝑍𝑟 which influence the input variables and hence the
efficiency scores, then we may write the GAM regression equation as:

𝐿𝑜𝑔10
(

𝐸𝐷𝐸𝐴
)

= 𝛽0 + 𝑠(𝑍1) + s(𝑍2) +⋯ + s(𝑍𝑟) + 𝑈

where 𝛽0 represent the intercept and s(𝑍𝑖) represent the smooth func-
tions of the explanatory variables to be estimated semi-parametrically
of the analysis.

5. Variables, data and results

The present section describes the input, output and contextual

variables used in the first and second stages.
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Table 3
Inputs, outputs and contextual variables.
Source: Selected by authors.

Description Type of variable

Operating expenses (OE), claims incurred (CI) Input variables

Net premium income (NPI), income from investments (IFI) Output variables

Market share (MS), Solvency ratio (SR), Insurer size (IS),
Insurer age (IA), Time series dummy (TSD), Diversification
dummy (DD)

Contextual variables

5.1. Description of variables

Efficiency evaluation of the observed general insurers requires the
specification of inputs and outputs of the insurers. Eling and Luhnen
[40] identified three major types of inputs used in the insurance
industry: labor (agents and office staff), business services (travel, com-
munications and advertisement) and capital (debt and equity capital).
On the output side, Leverty and Grace [41] found three alternative ap-
proaches for choosing outputs: the financial intermediation approach,
the user cost approach and the value-added approach. In the context
of banking and other financial intermediaries (who are engaged in
fund-based activities) this approach treats financial service firms as
intermediaries who bridge the gap between demanders and suppliers
of funds. The value-added approach introduced by Berger et al. [42]
and Berger and Humphrey [43] considers those activities as outputs
which contributes significant value added as assessed using operating
cost allocations. Broadly speaking, the value-added approach assumes
that the insurers provide three major services: risk-pooling and risk
bearing, real financial services and intermediation. Some studies have
used net premiums as valued added while some others have used
incurred benefits and the changes in reserves as output proxies [44].

The present study seeks to estimate insurer wise efficiency with
specific focus on their ability to generate revenues. Therefore, we need
to identify the major output variables which contribute to insurer
revenue. Thus, we have chosen two outputs: net premium income
and income from investments. We have also considered two inputs:
operating expenses (related to insurance business) and claims incurred.

For the second stage analysis, we have chosen the following ex-
planatory variables: Market share, Insurer age, Insurer size (Log10 of
total assets), Solvency ratio, Time series dummy (1 to 6 for the six years
under observation) and Diversification dummy (in Indian sample, we
set up 0 for the 4 in-sample health insurers and 1 for the 16 diversified
insurers. In Iranian sample, this value is considered as 1). A summary
of the variables is given in Table 3.

5.2. Description of data

For carrying out the estimation of managerial ability, we have
collected data pertaining to the input, output and explanatory variables
from three sources: IRDA Annual Reports published by the IRDA for
the respective financial years (2012–13 to 2017–18) and Handbook on
Indian Insurance Statistics for the relevant years and central insurance
of Iran.

The present study includes 20 general insurers in India and 18
general insurers in Iran during six years. Thus, efficiency evaluation and
subsequent analysis have been made on the basis of 228 observation
points. We are interested to know the outcome of the three-stage
exercise for the estimation of managerial ability and the relationship
of return on equity with the measure of managerial ability. The de-
scriptive statistics of inputs, outputs and contextual variables are given
in Table 4.

5.3. Efficiency evaluation of the observed general insurers

Suppose we have (j, t) observations on j = 1, . . . , 38 and t = 1, . . . , 6
(𝑡) (𝑡)
years as 𝐷𝑀𝑈𝑗 . The first 20 DMUs (𝐷𝑀𝑈𝑗 ∶ 𝑗 = 1,… , 20) are taken
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Fig. 1. Average of technical efficiency in India and Iran.

from Indian market and the other 18 DMUs (𝐷𝑀𝑈 (𝑡)
𝑗 ∶ 𝑗 = 21,… , 38) are

hosen from Iranian market. Each 𝐷𝑀𝑈 (𝑡)
𝑗 uses 𝑋(𝑡)

𝑗 = (𝑥(𝑡)1𝑗 ,… , 𝑥(𝑡)𝑚𝑗 ) to
roduce 𝑌 (𝑡)

𝑗 = (𝑦(𝑡)1𝑗 ,… , 𝑦(𝑡)𝑠𝑗 ). In order to estimate the relative efficiency
f a specific 𝐷𝑀𝑈 (𝑡)

𝑜 , we solve the following BCC model:

𝑖𝑛 𝜃
.t.
6

𝑡=1

𝐻
∑

𝑗=ℎ
𝜆𝑗𝑡𝑥

(𝑡)
𝑖𝑗 ≤ 𝑥(𝑡)𝑖𝑜 , 𝑖 = 1,… , 𝑚,

6

𝑡=1

𝐻
∑

𝑗=ℎ
𝜆𝑗𝑡𝑦

(𝑡)
𝑟𝑗 ≥ 𝑦(𝑡)𝑟𝑜 , 𝑟 = 1,… , 𝑠,

6

𝑡=1

𝐻
∑

𝑗=ℎ
𝜆𝑗𝑡 = 1,

𝑗𝑡 ≥ 0, 𝑗 = 1,… ,𝐻.

(1)

hree different values have been chosen for h and H: h = 1 and H =
0 (Indian market), h = 21 and H = 38 (Iranian market) and finally h
1 and H = 38 (whole market).
Table 5 presents the statistical descriptions of efficiency scores for

he observed general insurers for h = 1, H = 20 and h = 21, H = 38. The
esults in Table 5 indicate that in Indian insurers, except 2015–16, the
verage efficiency scores improved slightly during the periods under
bservation. In contrast, in Iranian insurers, the average of technical
fficiency scores has improved during 2013 to 2017, and it suddenly
ropped sharply from 2017 to 2018.

Now, we pooled all data in a whole sample and we evaluated the
elative performances of the companies. The descriptive statistics of the
esults are given in Table 6. Our finding revealed that in each period,
he mean technical efficiency scores in Iranian companies were greater
han the scores in Indian companies. This supports the first part of H2.

Fig. 1 shows the average technical efficiencies of the Iranian and
ndian insurers in different years. The results revealed that the average
echnical efficiency in Indian insurers was monotone decreasing with
soft slope. In contrast, the average of technical efficiency scores of

ranian insurers was highly fluctuated. These fluctuations may be due
o the instability caused by the lack of a sustainable economy in Iran.
pecifically, in Iranian insurers, we saw a descent in 2013 to 2014 that
s caused by the economic stagnation in the years 2008–2013. Then,
here immediately is an ascending jump from 2014 to 2015 and again,
fterwards, year by year, we faced descent in technical efficiency. This
ay be due to this fact that in 2014, positive insight to international

elations and nuclear deal led to an economic boom and in this sense,
he performance of business parts such as insurance companies came
ut of stagnation. However, the failure in the nuclear talks exacerbated
he economic stagnation in Iran. This stagnation led to flat job growth,
o increases in wages, and an absence of stock market booms or
ights. The BCC model revealed that the second output (income from
nvestment) in Iranian insurers were substantially reduced in 2014
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Table 4
Statistical descriptions of inputs, outputs and contextual variables (Pooled data).

OE CI NPI IFI MS SR IS IA

Mean 270 201.3 5 112 293 4 077 871 3 735 073 0.0420 1.6022 16.5702 7.1818
STD 516 137.5 8 445 306 7 249 920 6 910 372 0.0415 0.8793 14.0884 0.9549
Min 46 13 13 14 0.0006 −0.27 1 5.1584
Max 3 110 173 41 262 991 41 373 164 38 434 833 0.1918 5.99 58 10.5604
Median 2901 10 701.18 11 082 3023.5 0.0263 1.555 12 7.0261
Table 5
Statistical descriptions of technical efficiency of the insurers (2013–2018) (Country by
country).
Source: Calculated.

Particulars Quantity 2013 2014 2015 2016 2017 2018

India Mean 0.7119 0.7144 0.7583 0.7446 0.7769 0.7971
t = 1, T = 20 Std 0.1322 0.1305 0.1542 0.1563 0.1175 0.1061

Iran Mean 0.7696 0.8075 0.8177 0.8319 0.9150 0.6791
t = 21, T = 38 Std 0.2603 0.2142 0.1948 0.2145 0.1076 0.3077

Table 6
Statistical descriptions of technical efficiency: India versus Iran (Pooled data).
Source: Calculated.

Year Country Mean STD Min Max No. of efficient
insurers

2013 India 0.2706 0.1756 0.1706 1 1
Iran 0.5193 0.2767 0.0861 1 2

2014 India 0.2463 0.0907 0.1764 0.5120 0
Iran 0.4767 0.2421 0.0802 0.9385 0

2015 India 0.2439 0.0889 0.1471 0.4806 0
Iran 0.7088 0.2767 0.1036 1 7

2016 India 0.2386 0.0585 0.1853 0.4732 0
Iran 0.6437 0.3211 0.1343 1 4

2017 India 0.2151 0.0600 0.1470 0.3954 0
Iran 0.5647 0.2780 0.2458 1 4

2018 India 0.2031 0.0533 0.1442 0.3486 0
Iran 0.3576 0.2710 0.0305 1 2

Table 7
OLS regression of log of efficiency on the contextual variables in Indian market.
Source: Calculated.

Particulars Coefficient Std. Error t-ratio p-value

Intercept −0.3971 0.2621 −1.5151 0.1325
Market share 1.3631 0.9542 1.4285 0.1559
Solvency ratio 0.0595 0.0289 2.0623 0.0415
Insurer age 0.0024 0.0029 0.8366 0.404601
Log of total asset −0.0236 0.0408 −0.5781 0.5644
TSD 0.0271 0.0108 2.5011 0.0138
Diversification dummy −0.03653 0.0473 −0.7716 0.4420
R-squared 0.3316
Adjusted R-squared 0.2960
Sum squared residual 1.3749
Standard error of regression 0.1566

and 2017. These reductions directly affected on the efficiencies of the
insurers (See Fig. 1).

5.4. Impact of contextual variables on efficiency scores

The efficiency scores generated from the BCC model are bounded
from below and above. Thus, in the second stage, the Log10 of ef-
ficiency is regressed on the contextual variables already mentioned
(market share, solvency ratio, insurer age, insurer size, time series
dummy and diversification dummy). The log of BCC technical efficiency
is regressed on contextual variables in three different samples: India,
Iran and whole sample containing Iran and India. The results are
presented in Tables 7–11.
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Table 8
OLS regression of log of efficiency on the contextual variables in Iranian market.
Source: Calculated.

Particulars Coefficient Std. Error t-ratio p-value

Intercept 0.115536 0.50873 0.227106 0.8208
Market share 6.072644 2.394225 2.536372 0.012732
Solvency ratio 0.095191 0.026886 3.540562 0.000606
Insurer age −0.00353 0.003156 −1.11706 0.266619
Log of total asset −0.0944 0.083767 −1.12698 0.262422
TSD −0.00376 0.018869 −0.19919 0.842517
Diversification dummy −0.09465 0.074497 −1.27048 0.206831
R-squared 0.160137
Adjusted R-squared 0.110244
Sum squared residual 7.867497
Standard error of regression 0.279099

Table 9
Statistical descriptions of managerial ability in India and Iran (Country by country).

Mean STD Min Max

2013 India 0.013902 0.141624 −0.26427 0.415932
Iran −0.03275 0.17424 −0.41289 0.296266

2014 India −0.00944 0.152554 −0.40748 0.382634
Iran −0.01861 0.169298 −0.40124 0.30915

2015 India 0.015895 0.181198 −0.271 0.365345
Iran 0.006138 0.167219 −0.2821 0.307786

2016 India 0.023795 0.148998 −0.2143 0.308057
Iran 0.048854 0.14865 −0.18823 0.335781

2017 India −0.01341 0.155646 −0.31353 0.279193
Iran 0.122077 0.151528 −0.11673 0.390018

2018 India −0.02115 0.123062 −0.26647 0.216745
Iran −0.12571 0.336933 −1.007 0.272023

Tables 7 and 8 show that the coefficients of two variables — market
share and solvency ratio are statistically significant. Specifically, mar-
ket share is considerably significant in Iranian market. However, in the
present context, neither the dummy variable representing the business
diversification level of the general insurers nor the size of the insurers
are statistically significant.

Table 9 provides the means and standard deviations of the residuals,
as measure of managerial ability. The first column shows that, except
for the periods 2016 and 2017, in other years, the mean managerial
ability in Indian insurers was greater than the mean ability of Iranian
insurers. Graphical illustration appeared in Fig. 2.

Again, we pooled all data in Iran and India in a whole sample and
we regressed the log10 of BCC efficiencies on contextual variables. The
statistical descriptions of the results are given in Tables 10 and 11.
In the pooled data, market share plays important role. The coefficient
0.0707 for this variable shows that the percent change in BCC efficiency
associated with a one-unit increase in market share is 100 ∗ (𝑒^0.0707
− 1) = 7.33. The second important variable in pooled data is solvency
ratio with a coefficient of 0.0227. This means that one unit increase in
solvency ratio leads to 2.3% increase in average managerial ability.

As the results show, in each period, the average of managerial abil-
ity in Iranian insurers were greater than the scores in Indian insurers.
This supports the second part of H2.

The minimal average managerial ability in Indian market was
−0.13698 which occurred in 2013. In 2018, the average management
ability in the Iranian insurance market was −0.08106, which was at
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Fig. 2. Managerial ability in India and Iran.

Table 10
OLS regression of log of efficiency on the contextual variables (Pooled data).
Source: Calculated.

Particulars Coefficient Std. Error t-ratio p-value

Intercept 0.1603 0.2800 0.5727 0.5674
Market share 0.0707 1.2674 −0.2925 0.7702
Solvency ratio 0.0227 0.0210 1.0824 0.2802
Insurer age 0.0038 0.0021 1.7551 0.0806
Log of total asset −0.0904 0.0468 −1.9322 0.0546
TSD −0.0133 0.0125 −1.0675 0.2869
Category −0.0786 0.0293 −2.6870 0.0078
R-squared 0.0977
Adjusted R-squared 0.0732
Sum squared residual 15.5964
Standard error of regression 0.2657

Table 11
Statistical descriptions of managerial ability: India vs. Iran (Pooled data).
Source: Calculated.

Year Mean STD Min Max

2013 −0.13698 0.158987 −0.34013 0.418004
2014 −0.10901 0.10651 −0.21228 0.177595

India 2015 −0.09218 0.123509 −0.24515 0.201677
2016 −0.07641 0.084866 −0.18448 0.172095
2017 −0.09437 0.104908 −0.23385 0.208094
2018 −0.10164 0.105038 −0.28757 0.163471

2013 0.060501 0.288971 −0.71064 0.468764
2014 0.039105 0.28464 −0.73162 0.4781

Iran 2015 0.249842 0.254137 −0.59175 0.576503
2016 0.208889 0.287644 −0.4145 0.548959
2017 0.201154 0.233228 −0.16104 0.612157
2018 −0.08106 0.42481 −0.90249 0.588461

Total 0 0.2615 −0.9025 0.6122

the lowest level. By comparing the standard deviations in column 4
in Table 11, it can be seen that the variance of managerial ability in
Iranian insurers is treble of Indian companies. These results support our
H1. Fig. 3 shows the managerial ability of India vs Iran.

Finally, as a measure of testing the validity of our estimate of
managerial ability, we have regressed return on equity of the observed
general insurers on the measure of managerial ability, market share,
solvency ratio and a time series dummy. The results are given in
Table 12.

Our regression analysis results prevailed that two variables, market
share and managerial ability, are statistically significant. To describe
precisely, one unit increase in market share leads to a 20.78% increase
in return on equity and one unit increase in managerial ability leads
to a 68.57% increase in return on equity. This means that efforts to
increase market share and managerial ability directly and significantly
increases returns on equity. The regression relationship has very high
levels of R-squared and adjusted R-squared. These results support H3.
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Fig. 3. Managerial ability: India vs. Iran.

Table 12
OLS regression of return on equity on managerial ability and other factors.
Source: Calculated.

Particulars Coefficient Std. Error t-ratio p-value

Intercept 0.017971 0.051217 0.350879 0.726011
Market share 0.791949 0.390096 4.593613 7.28E−06
Solvency ratio 0.025631 0.018444 1.389688 0.166009
Time series dummy 0.010511 0.009495 1.106946 0.26951
OLS residual (Managerial ability) 0.522166 0.029693 17.58573 5.21E−44
R-squared 0.599286
Adjusted R-squared 0.592098

Fig. 4. Relationship between return on equity and managerial ability.

As an additional measure for testing the validity of the relationship
(between return on equity and managerial ability), we have also ap-
plied general additive model for capturing the relationship. Fig. 4 pro-
vides a graphical relationship between return on equity and managerial
ability obtained from General Additive Model.

In this figure, managerial ability is plotted on the horizontal axis
while return on equity (assumed to be a smooth function of managerial
ability and denoted as s(MA) in the figure) is plotted on the vertical
axis. The figure confirms a positive relationship between return on
equity and managerial ability.

Table 13 presents the results obtained from the application of
General Additive Model.

In case of a linear regression model, the goodness of fit is indicated
by the residual sum of squares. However, in case of General Additive
Models, sum of squares does not make much sense as a measure of
discrepancy between the observations and the fitted values. Instead,
we can measure the discrepancy in terms of deviance

𝐷 = 2[𝐿(𝛽 ) − 𝐿(𝛽 )]𝜑
𝑀 𝑂
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Table 13
GAM estimate of the relationship between return on equity and managerial ability.
Source: Calculated.

Significance of parametric coefficients Estimate Std. Error t-ratio p-value

Intercept 0.189 0.014 13.178 0.000
Significance of smooth terms edf Reference edf F p-value
Managerial Ability 6.674 7.803 72.844 0.000
R-squared (Adjusted) 0.714
Generalized Cross Validation 6.2339e−014
Scale estimate 3.6311e−08
where L(𝛽𝑀 ) is the maximum likelihood of the saturated model and
L(𝛽𝑂) is the maximum likelihood of the observed (fitted) model. 𝜑 is
the scale parameter. Here, model validation is tested by cross-validation
which involves out of sample testing. The main objective of cross
validation is to test the ability of the chosen model in predicting new
data which were not used in the estimation process. The process of cross
validation involves partitioning of the data in to two complementary
subsets-one which is used for performing the analysis and another
which is used for model testing. Several rounds of cross validation
are usually performed in order to reduce variability in outcomes. In
the present case, we have computed the Generalized Cross Validation
(GCV) score of the GAM fitted. Smaller values of GCV indicate bet-
ter model fitting. Overall, the results indicated that the relationship
between return on equity and managerial ability is highly significant.

6. Concluding observations

This paper studied the problem of calculating managerial ability in
the context of general insurance sectors in India and Iran. The results
obtained from our empirical study revealed that unlike the Indian
general insurance market which has a relative stability, the Iranian
market has been highly fluctuated. Despite of this, the average technical
efficiency and managerial ability of Iranian insurers were greater than
the scores of Indian insurers. However, in Iranian market, the technical
efficiency and managerial ability are decreased in 2015 to 2016 and
2017 to 2018.

Managerial ability of the observed general insurers fluctuates over
the in-sample years. It may be positive, zero or negative. The higher
the managerial ability, the better the performance and consequently the
higher the rank. So, managerial ability score can be used for ranking
the general insurers on the basis of mean managerial ability. In this
sense, Iranian insurers were ranked better than Indian insurers.

In a business-driven competitive insurance market, corporate war-
fare for sustenance and business growth is essentially a zero-sum game
where the business gains obtained by market leaders imply problems
for the laggards. Our estimate of managerial ability also provides a
measure of the continually changing dynamics of the general insurance
market. Inter alia, the present study has some major weaknesses. First,
the general insurance markets in India and Iran are quite small and
include few players in the market compared to the mature insurance
markets. Second, we have data for only six years. It is essential to
consider insurer wise performance for a longer period (10–15 years) for
arriving at a more robust measure of managerial ability. Third, some
data in general insurance context are uncertain. So, there is a need to
propose stochastic analysis of the performance.

Two potential research issues need to be mentioned: First, one
can explore from our proposed approach the possible presence of
undesirable outputs for individual insurers. Second, one could think of
extending the use of the stochastic program to general insurance market
to analyze the efficiency and RTS characterizations of the insurers.
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