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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Measuring efficiency and productivity changes: A 
non-parametric analysis of Ghanaian life 
insurance industry
Albert Ayi Ashiagbor1*, Raymond Dziwornu2, Aku Vivian Gbade2, kwasi Offei-Kwafo2 and 
Gagakuma Liticia3

Abstract:  Efficiency and productivity measurement in the insurance industry has 
attracted great interest from academicians, practitioners, financial market analysts, 
insurance regulators, and researchers; however, the near absence of empirical work 
on the productivity changes of the life insurance industry in Ghana poses manage-
ment challenges. The main objective of this paper is to measure the efficiency and 
productivity changes in the life insurance industry in Ghana. The Ghana National 
Insurance Commission’s annual report data was used in this study. We employ the 
non-parametric Malmquist productivity change indices and the bootstrap technique 
to measure the productivity changes of a sample of 19 out of 20 Ghanaian life 
insurance firms for the period 2015–2020. The empirical results show that the level 
of output-oriented technical inefficiency of the life insurance industry in Ghana is 
approximately 17% over the period 2015–2020. This result provides us with 
a general guide to identify the periods in which the industry is most and least 
technically efficient. Also, our findings show that the estimate of total productivity 
changes has retrogressed about 13% over the period in the Ghanaian life insurance 
industry. We further identified that the deterioration in the productivity is due to 
efficiency changes. The decomposition of the technological changes also reveals 
that the life insurance industry did not benefit from pure scale efficiency. This study 
contributes by encouraging the policy makers and managers of life insurance firm 
to use scarce resources efficiently and productively in order to stay in business.

Subjects: Economics and Development; Economics; Finance; Business, Management and 
Accounting 

Keywords: Bootstrap; Ghana; life insurance firms; Malmquist productivity; technical 
efficiency

1. Introduction
Efficiency and productivity measurement of insurance industry has attracted great interest from 
academicians, practitioners, investors, financial market analysts, insurance regulators, and 
researchers (Kaffash et al., 2020; Mends-Brew & Ashiagbor, 2016). The insurance industry world-
wide and in Ghana has developed quite over the past decade, especially in terms of its expansion 
to semi-urban and rural areas.
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In Ghana, insurance business is dominated by major non-life insurers nevertheless the works of 
the Ghana national insurance commission (NIC) and other industry players positions the life 
insurers to play a leading role in the Ghanaian insurance industry. This is probably because the 
life insurance sector is generally meant for long term protection (10 years, 15 years or for life) while 
the general sector is aimed at short-term protection such as annual renewal (Lim et al., 2021).

It is increasingly becoming more difficult to effectively manage the meagre resources at the 
firms’ disposal especially when the managers are unable to identify the rightful amount of inputs 
to be used to achieve the desire outputs overtime and more importantly when the source of these 
inefficiencies are neither precisely measured nor known.

As reported by the NIC in its 2020 annual report, the gap between the gross premium of the life 
and non-Life insurance sectors has been narrowing over the years. The total assets of the Ghana 
insurance industry grew by 17%, that is, from GHS7.65 billion in 2019 to GHS8.9 billion in 2020. The 
assets of the life insurance sector grew from GHS3.9 billion in 2019 to GHS4.6 billion in 2020 
representing 20% increase.

In narrow sense, life insurance is any form of insurance whose payment is contingent upon 
whether the insured is dead (or alive). According to the NIC (2020), the contribution of total 
insurance premiums to Gross Domestic Product (GDP) is less than 2% in Ghana which highlights 
that the insurance penetration in Ghana is relatively low. The absence of empirical evidence of the 
level of productivity change in the life insurance industry in Ghana over the years clearly inhibits 
effective decision making by managers and regulator. The assets of Ghana’s insurance sector 
covering the period of current study are presented in Table 1.

The growing numbers of studies based on frontier efficiency techniques are tilted toward more 
advanced economies (Kaffash et al., 2020; Naushad et al., 2020). Also, the bootstrap technique and 
Malmquist productivity change index (MPI) concept are less applied in the insurance industry. For 
instance, Ferrier and Hirschberg (1997) applied both bootstrapping and MPI to the Italian banking 
data, Tortosa-Ausina et al. (2008) also used bootstrapping technique combined with the estimated 
MPI to examine the Spanish banking sector. To the best of knowledge, there is near absence of 
studies that empirically measure the statistical precision of efficiency and productivity changes of 
the Ghanaian life insurance industry. There is therefore a yawning gap, and the current study seeks 
to fill such a gap.

The rest of the paper is organized as follows. In the section 2, we present related literature of the 
study. Section 3 touches on the methodology used to obtain the measure of efficiency and 
productivity changes as well as components of productivity change. Section 4 describes the 
main results concerning efficiency levels and productivity changes and presents the explanatory 
analysis. Conclusions are given in a section 5.

2. Literature review
The theoretical framework that underpins this study is the production economics 
(Abdurakhmanov, 2020; Couix, 2020). This part of microeconomic theory deals with the production 
of output from a given set of inputs usually expressed in terms of a production function. Efficiency 
is a major issue in insurance because it is a component of total productivity (Barros et al., 2005; 
Kaffash et al., 2020). Productivity change is a widely used to as a performance metric for firms and 
establishment (Alrikabi, 2022; Kaydos, 2020).

There are different measures of productivity and the choice between them depends either on 
the purpose of the productivity measurement and/or data availability. The foremost approach to 
measure productivity change in the insurance literature is the Malmquist productivity index (MPI). 
Since this concept of this index was pioneered by Malmquist (1953), and it has been further 
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developed in the sphere of non-parametric framework by several authors, for example, Caves et al. 
(1982b, 1982a), Färe et al. (1994), Thrall (2000), etc.

Malmquist productivity index is a theoretical index, expressed in terms of distance functions 
defined on the true, but unknown, technology (Obi & Visser, 2020; Pathak, 2019). It is essentially 
a nonparametric index that can compute productivity changes of a decision-making unity (DMU), 
that is, life insurance companies over time, in that it indicates progress or regress in efficiency 
along the frontier technology under multiple inputs and output framework (Eling et al., 2020; 
Gregoriou & Zhu, 2005).

Even though the MPI have a number of advantages, such as modeling multidimensional inputs and 
outputs even in absence of price information, the concept has one major drawback. The estimates 
from the conventional data envelopment analysis (DEA) based Malmquist analysis offers relatively no 
information on random noise, hence one cannot clearly determine whether differences between two 
or more estimates are statistically significant because it lacks statistical inference (Mends-Brew & 
Ashiagbor, 2016; Odeck & Schøyen, 2020; Odeck, 2009). Many studies have adopted various methods 
in attempt to correct this bias in DEA. Berger and Humphrey (1997) indicate that attempts should be 
made to estimate confidence interval for efficiency and productivity measures obtained non- 
parametric approach, so that statistical inference exercises can be conducted.

Some studies on insurance efficiency focused on partial aspects of productivity, such as ratio 
analysis (Alexakis et al., 2019; Masud et al., 2019; Oppong et al., 2019) or used the Tornquist price 
index (Azzam et al., 2021; Chessa et al., 2017), or with combination of other analytical tools such 
as probit, logit and multiple regression (Masara & Dube, L2017), a technique not currently preferred 
by current researchers.

The non-parametric approach, which generally allows the data to speak for itself, also enable to 
analyse the productivity changes under the assumption of variable returns to scale, and to 
decompose the technical changes into frontier shift (pure technology) and changes in shapes of 
the frontier (scale of technology). Bootstrapping technique thus helps to correct the influence of 
environmental factors and all random interferences to improve upon accuracy of efficiency and 
productivity measurement (H. Li & Dong, 2015; Kweh et al., 2020; Simar & Wilson, 2012).

Malmquist productivity change attracts many attention and have been applied in many sectors. 
For instance it is applied in agriculture (Kataoka, 2020; RL & Mishra, 2022), banking (Christopoulos 
et al., 2020; Dar et al., 2021), climate conditions (Long et al., 2020; Zhu et al., 2020). Other areas in 
which the concept of MPI is employed include energy (Tachega et al., 2021; Zheng, 2021), tourism 
sector (Kim et al., 2021; Tzeremes, 2020), education sector (Agasisti et al., 2020; Arjomandi et al.,  
2015).

Table 1. The assets of Ghana’s life insurance sector (2014–2020)
2014 2015 2016 2017 2018 2019 2020

Total Assets 
(GHS’Million)

2212 3027 3667 4653 5490 6540 7693

Growth in Assets 
(%)

23 37 21 27 18 19 18

Total Asset/GDP 
(%)

1 2 2 2 2 2 2

Share of financial 
sector Assets

3 3 3 3 3 4 4

Source: NIC (2020) 
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One of early study in Ghana using the concept of frontier analysis was carried out by Owusu- 
Ansah et al. (2010) to determine the level of managerial efficient of the general insurers. Their 
findings revealed that the general insurers operated at an average overall efficiency of 68%, 
technical efficiency of 87% and scale efficiency of 78%. They also observed that Ghanaian general 
insurers with higher dimension and market shares tend to have higher efficiencies; implying that 
general insurers could increase their efficiencies by trying to increase among other things their 
dimension and market shares.

Again, Ansah-adu et al. (2012) set to assess the cost efficiency of insurance companies in Ghana 
using a two-stage procedure to ascertain whether insurance companies are cost efficient and also 
to examine the efficiency determinants of insurance companies. The results revealed that larger 
firms tend to be more efficient than smaller firms and also showed that the ratio of equity to total 
invested assets have an inverse relationship with cost efficiency. Ansah-adu et al. (2012) also 
reveal that market share is the key determinant of efficiency among insurance companies in 
Ghana. For policy implication, they suggest that insurance companies in Ghana should adopt 
a benchmark management procedures in order to evaluate their relative position and to adopt 
appropriate managerial procedures for catching up with the frontier of “best practices”.

Another empirical study in the Ghana insurance industry was conducted by Alhassan et al. 
(2015) to examine the impact of the regulatory-driven market structure on firm pricing behaviour. 
This was done by testing the structure-conduct-performance hypothesis for both life and non-life 
insurance markets in Ghana. It was revealing that there is an increasing level of competition in 
both life and non-life insurance industry in Ghana though they still remain concentrated with the 
life insurance sector having high levels of efficiency compared to the non-life sector.

The dynamic cost productivity growth of the Ghanaian insurance industry from 2005 to 2014 
was examined by Ohene-Asare et al. (2019). They observed that the introduction of the Ghana 
insurance Act of 2006 saw some large cost productivity growths and the cost improving policies in 
the Act that encouraged cost efficiency must be revisited by regulators. It is also revealed by 
Ohene-Asare et al. (2019) that not many insurers in Ghanaian market have been operating at the 
optimal production scale over the period.

Recently, Tuffour et al. (2021) examines the determinants of cost and profitability efficiency of 
life insurance companies in Ghana, utilising data from 12 life insurance companies for the period of 
2013–2017. They used the fixed effect panel regression which results show that the significant 
determinants of both cost and profit functions are: price of labour, commission, gross premium 
and net investment income.

Tuffour et al. (2021) also revealed that, on the average, the life insurance companies were about 
71.2% cost efficient and 41.7% profit efficient. Further analysis reveals that both profit and cost 
efficiency changes have statistically significant positive effect on firms’ return on asset.

From the aforementioned studies, it could be observed that the concepts of bootstrapping, 
efficiency and efficiency change which provide statistical precision and are very important in 
managerial decision making are not fully explored in the life insurance industry in Ghana; this 
thus motivates the current study.

3. Methods and materials

3.1. Data source, sample size and analysis
A balanced panel secondary data for the period 2015–2020 are computed from the published 
annual reports of the NIC. This period is chosen to reflect to reflect any possible change in the 
industry. As indicated earlier, literature on measuring life insurance industry is very minimal. As at 
31st December 2020, the regulated life entities in the Ghanaian insurance industry is 20, out of 
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which we selected 19 firms taking into consideration the consistency of availability of data within 
the stated period. Also, this is to ensure that the decision making units (DMUs) are homogeneous 
and the number of the DMUs is three times more than the number of input and output. Each 
insurance company was regarded and treated as a DMU.

For our analysis, an application of bootstrapping which is a data-based simulation method in 
making statistical inference precision was used. The bootstrapping technique combined with MPI 
was used to measure the total factor productivity change with statistical precision. The results are 
decomposed into the technical efficiency change (EFFCH) and technological change (TECH). The 
TECH was further decomposed into pure technological change (PTEC) and scale efficiency change 
(SEC). This affords us the opportunity to analyse changes in the efficiency and productivity with the 
scores of bootstrapped MPI and its components. The PTEC estimates how close an insurer is to the 
production frontier under variable returns-to-scale (VRS). The production frontier refers to the use 
of minimum resources to produce a targeted amount of product by a highly efficient insurer. The 
SEC estimates the decrease in production as a result of variation in constant returns-to-scale (CRS).

3.2. Input and output data selection
In the use of Malmquist technique, the selection of right inputs and outputs are crucial. These input 
and output set of data are used to construct a piecewise frontier over the data point for the period 
under consideration; productivity changes are then measured relative to these frontiers that 
represent. The selection of inputs and outputs variable in this paper is largely influenced by 
insurers’ provision of three key services, namely risk pooling relating to insured losses, and 
financial intermediation services. The data for input and output variables are contained in annual 
financial report of the national insurance commission (NIC), the regulator of the insurance 
industry.

Following the works of Masud et al. (2019), K. Li (2005), Rai (1996), as well as Gardner and Grace 
(1993), we used the gross premium and investment income as the output variables. For the 
selection of inputs, we followed the recent literature on efficiency (Huang & Eling, 2013; 
Cummins & Rubio-Misas, 20006Masud et al., 2019) and thus selected labour, claim payment and 
equity capital as input variables.

3.3. Malmquist productivity index
The output-oriented concept of MPI measures productivity changes of DMUs in transforming inputs 
into outputs from time period t to time period tþ 1 is as follows: 

Mt ¼
Dt xtþ1; ytþ1� �

Dt xt; ytð Þ
(1) 

Also, MPI at time period t + 1 is given by 

Mtþ1 ¼
Dtþ1 xtþ1; ytþ1� �

Dtþ1 xt; ytð Þ
(2) 

where

Dt is the distance function measuring the efficiency of inputs xt to input yt during the period t

Dt xt; yt� �
, this represents the distance from the period t to observation to period technology (own- 

period efficiency)

Dtþ1 xtþ1; ytþ1� �
this also represents own-period efficiency, it computes the distance from the 

period tþ 1 to observation to period tþ 1technology
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Dt xtþ1; ytþ1� �
is cross-period efficiency that represents the distance from period tþ 1 observation 

to the period t technology.

Dtþ1 xt; yt� �
is also cross-period efficiency that represents the distance from period t observation to 

the period tþ 1 technology.

To avoid an arbitrariness in the choice of benchmark technology, a geometric mean of (1) and 
(2) are taken and this yield the MPI as 

MPI ¼
Dt xtþ1; ytþ1� �

Dt xt; ytð Þ

Dtþ1 xtþ1; ytþ1� �

Dtþ1 xt; ytð Þ

� �1
2

(3) 

Equation (3) can be decomposed into efficiency change (EFFCH) and technological change (TECH) 
as follows: 

MPI ¼
Dtþ1 xtþ1; ytþ1� �

Dt xt; ytð Þ

Dt xtþ1; ytþ1� �

Dtþ1 xtþ1; ytþ1ð Þ

Dtþ1 xt; yt� �

Dtþ1 xt; ytð Þ

� �1
2

(4) 

The MPI gives us the opportunity to decompose total factor productivity changes into technical 
and technological changes, and further be decomposed into pure technical efficiency change 
(PTEC) and scale efficiency changes (SEC). 

Efficiency change ¼
Dtþ1 xtþ1; ytþ1� �

Dt xt; ytð Þ
(5)  

Technological change ¼
Dt xtþ1; ytþ1� �

Dtþ1 xtþ1; ytþ1ð Þ

Dtþ1 xt; yt� �

Dtþ1 xt; ytð Þ

� �1
2

(6) 

Clearly, (4) can be written as 

MPI ¼
Dtþtðxtþ1; ytþ1Þ

Dtðxt; ytÞ
Efficiency Change

Dtðxtþ1; ytþ1Þ

Dtþ1ðxtþ1; ytþ1Þ
:
Dtþ1ðxt; ytÞ

Dtþ1ðxt; ytÞ

� �1
2

Techno log y Change

(7) 

Equation 7) can further be decomposed into pure technical efficiency change (PTEC) and scale 
efficiency changes (SEC). A value of MPI, EFFCH, TECH, PTEC or SEC greater than one (1.0000) 
indicates an improvement and less than one indicates deterioration.

3.4. Algorithm for bootstrapping MPI and its components
The idea of bootstrap was introduced by Efron (1979) and later extended by Simar and Wilson 
(2012, 2010; 1998). It is a data-based simulation method that helps in making statistical inference 
in measuring confidence intervals (Efron & Tibshirani, 1994; H. Li & Dong, 2015; Simar & Wilson,  
2000). The bootstrap approach helps to identify whether the growth indicated by the MPI is 
significant. It will further enable us to assess whether changes in MPI, efficiency, technology, 
pure and scale efficiency are also significant (Simar & Wilson, 2012). The current study performed 
bootstrap DEA and Malmquist with the R and FEAR software packages. The confidence interval of 
0.05 was used.

The technique for bootstrapping the MPI and its components is based on the fact that the 
Malmquist is a function of distance estimators as defined in (1) through to (7). The following 
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algorithm was deployed to find the MPI, EFFCH, TECH, PTC, and SEC scores of the insurance 
companies;

Step 1. Compute the M̂i for each insurer, i = 1,2,3, . . . . . . . . . . . . n by solving (1)

Step 2. Compute the pseudo data set x�it; y
�
it

� �
; i ¼ 1;2; . . . n; t ¼ 1;2Þ

� �
to obtain the reference 

bootstrap technology by using the bivariate kernel density where the bandwidth was 
selected by following the normal reference rule.

Step 3. Compute the bootstrap estimate of the MPI �M̂t;tþ1
i;b� for insurer through the pseudo sample 

obtained in step 2.

Step 4. Repeat steps 2 and 3 for a large B times (we use B = 5000, that is, the number of bootstrap 
replications) in order to obtained the bootstrap sample for each insurer.

Step 5. From, the bootstrap sample, compute the bias-corrected estimates and confidence inter-
vals for the MPI by selecting the appropriate percentiles

The basic idea designed for the construction of the confidence intervals of the MPI is that the 
distribution of M̂�i t; tþ 1ð Þ � M�i t; tþ 1ð Þis unknown and can be approximated by the distribution of 
�M̂�i t; tþ 1ð Þ � M̂�i t; tþ 1ð Þ, where M�i t; tþ 1ð Þ is the true unknown idex, M̂�i t; tþ 1ð Þ is the estimate 

of the MPI, and�M̂�i t; tþ 1ð Þ is the bootstrap estimate of the index. Hence aα and bα defining the 
1 � að Þ confidence interval; 

P bα < M t; tþ 1ð Þ � M�i t; tþ 1ð Þ<aα
� �

¼ 1 � α (8) 

Equation (8) can be approximated by estimating the values of a�α and b�α given by: 

P bα<�M̂�i t; tþ 1ð Þ � M̂�i t; tþ 1ð Þ<a�α
� �

¼ 1 � α (9) 

Thus, an estimated (1-a) percent confidence interval for the i-th MPI is given by 

M̂�i t; tþ 1ð Þ þ a�α � M�i t; tþ 1ð Þ � M̂�i t; tþ 1ð Þ þ b�α (10) 

An MPI for the ith insurer is said to be significantly different from unity (which would indicate no 
productivity change), at the 5% level, if the interval in Equation (10) does not include unity.

It should be mentioned that using the calculated bootstrap value in step 4, we can also correct 
for any finite-sample bias in the original estimators of the MPI.

We only need to apply a simple procedure outline by Simar and Wilson (1999) as follows:

The bootstrap bias estimate for the original estimator M̂�i t; tþ 1ð Þis: 

biasB M̂�i t; tþ 1ð Þ
h i

¼ B� 1 ∑
B

b¼1
M̂�i t; tþ 1ð ÞðbÞ � M̂�i t; tþ 1ð Þ (11) 

Thus, a bias-corrected estimate of M�i t; tþ 1ð Þcan be computed as: 
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~M�i t; tþ 1ð Þ ¼ M̂�i t; tþ 1ð Þ � bias M�i t; tþ 1ð Þ
� �

¼ 2M̂�i t; tþ 1ð Þ � B� 1∑
�

M̂�i t; tþ 1ð Þ bð Þ (12) 

However, as explained by Simar and Wilson (1999), this bias-corrected estimator may have 
a higher mean-square error than the original estimator, and hence it will be less reliable. 
Overall, the bias-corrected estimator should only be considered if the sample variance �s2

i of 

bootstrap value �M̂�i ðt; tþ 1ÞðbÞ
h i

b¼1;2...::n

is less than 

� s2
i <

1
3

bias M̂�i ðt; tþ 1Þ
h i� �2

(13) 

4. Results and discussions

4.1. Descriptive statistics
Descriptive statistics for all input-output variables are found in Table 2. From this schedule, it can 
be observed that the standard deviations are relatively higher for all variables under consideration 
which demonstrates that large inequalities exist among the life insurance firms. This is an indica-
tion of how imperative it is for the life insurance companies to manage their inputs-outputs 
variables.

4.2. An isotonicity test of input and output variable used
An isotonicity test was conducted with the input and output variables to ensure that the DEA 
isotonicity criteria are met. The concept of isonicity in DEA is to ensure that the relationship 
between inputs and outputs is not erratic (Maity, 2020; Wang et al., 2020; Y. Li, 2020).

Increasing the value of any input while keeping other factors constant should not decrease any 
output but should instead lead to an increase in the value of at least one output. In other words, 
the relationship between the input and output variables used should be positive and have high 
correlation coefficient. That is the level of output is at least the same, and dord not fall when 
inputs increases (Tsai et al., 2016).

Table 3 indicates the correlation coefficient among the input-output variables of which relatively 
high correlation among the input and output variables indicates that an acceptable isonicity is 
fulfilled with regard to inputs and output variable used in this study.

4.3. Technical efficiency scores
We estimate the output-oriented technical efficiency for each of the 19 life insurance companies 
for the entire period as indicates in Table 4. A value of less than one implies inefficiency on the 

Table 2. Descriptive statistics of input and output variables used
Inputs Outputs

Labour Equity Claims Gross 
premium

Investment 
income

Mean 832,010 7,461,700 2,2827,99 22,390.2 2,904,128

Std dev 520,582 8,308,500 8,174,504 1460.01 954,444

Minimum 561,490 6,051,730 1,553,580 3,185,943 500,630

Maximum 908,1924 15,999,500 29,923,540 20,213,254 5,132,850

Source: authors’ computations 
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part of the firm under consideration. Column two lists the mean efficiency estimates, and column 
3 through 6 lists the bias-corrected estimates, the bootstrap bias estimate and the lower and 
upper boundaries of the efficiency scores. It could be observed from Table 4 that the level of 
efficiency of the industry is inconsistent. It could be noted that in all cases the average of 
estimated efficiency lies to the right of the estimated confidence intervals; this result reflects 
the theory behind the construction of the confidence intervals presented by Simar and Wilson 
(1998).

Also, it could be observed that the technical efficiency estimates differ from the bias-corrected 
estimates. In some periods this difference (the bias) is quite small. For instance, the difference was 
less than 0.04 in the following periods; 2015, 2017 and 2020, while in other periods, such as 2016 
and 2018 the difference was about 0.08. The means of the minor biases of variable return to scale 
estimates (0.058), and the relatively smaller confidence intervals in these years imply that the 
results are relatively stable.

We take into cognizance the relative comparisons of the performance based on the estimated 
efficiency scores with caution.

This result provides us with a general guide to identify the period within which the industry is 
most and least technically efficient. For the entire period under consideration, the industry had 
exhibited less efficiency. That is, the biased-corrected estimate of the life insurance industry has 
experienced approximately 16.8% technical inefficiency.

Table 3. Correlation coefficients of input and output variables

Variable Labour Equity Claims Gross 
premium

Investment 
income

Labour 1.0000 0.8631 0.6538* 0.8745 0.9003

Equity 0.8631 1.0000 0.8654 0.5789** 0.9832

Claims 0.6538* 0.8654 1.0000 0.7645** 0.9032

Gross premium 0.8745 0.5789** 0.7645** 1.0000 0.8097**

Investment 
income

0.9003 0.9832 0.9032 0.8097** 1.0000

Source: authors’ computations 
Single asterisk (*) denotes significant differences from unity at 90%; double asterisk (**) denotes significant difference 
from unity at 95% and triple asterisk (***) denotes significant difference from unity at 99%. 

Table 4. Bootstrap estimates for the period 2015 –2020

Year Estimated 
Efficiency

Bias- 
corrected

Bias Lower bound Upper bound

2015 0.85645 0.81792 0.03853 0.66320 0.83563

2016 0.98792 0.90763 0.08029 0.87685 0.98185

2017 0.91374 0.87061 0.04313 0.85220 0.90369

2018 0.98382 0.89914 0.08468 0.89630 0.91382

2019 0.93350 0.87150 0.06200 0.80399 0.92135

2020 0.66580 0.62453 0.04127 0.60896 0.64419

Mean 0.89020 0.83189 0.05832 0.78358 0.86676

Source: authors’ computations 
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4.4. Productivity changes
Focusing only on the efficiency estimates can provide an incomplete overview of the performance 
of the industry over the period under consideration (Arjomandi et al., 2011). As stated earlier, the 
main focus of the current study is to compute statistical precision of the efficiency and produc-
tivity changes and the various sources of these changes of the life industry over the period. These 
estimates for the period 2015–2020 are reported in Table 5. We observed that only one of the life 
insurance company (L14) has consistently experienced improvement over the period. This might 
be possibly due to using appropriate amount of inputs to achieve the desire output as reflected in 
their indices of the period. The productivity of the industry as a whole has consistently under-
performed over the years, resulting in the approximately 12.6% deterioration for the entire 
period.

4.5. Sources of productivity changes
As indicated earlier, concentrating only on efficiency estimates can provide an incomplete view of 
the performance of life insurance firm over time (Arjomandi et al., 2011). Changes in distance- 
function values over time could result from either the movement of the firm within the input- 
output space (efficiency changes) or progress/regress of the boundary of the production set over 
time (technological changes).

The decomposition of the Malmquist index, as explained in Equation 3 through to Equation 7, 
makes it possible to distinguish changes in productivity, efficiency and technology. Table 6 high-
lights some stylized fact about the change in productivity and the various sources of these 
changes.

From Table 6 it could be observed that the MPI for the industry is 12.6% deterioration in the 
productivity over the period and this was due to a fall in the EFFECH of average of about 17.4%. 
This was further highlighted by the scale efficiency changes as indicated in Table 6. All the indices 

Table 5. Bias-corrected productivity changes for each insurer for the period 2015–2020
DMU 2015/16 2016/17 2017/18 2018/19 2019/20 2015/20
L1 1.0943 1.0031 1.0931 1.0035 0.9203 1.0207

L2 0.9489 0.7485 1.0995 1.0488 1.0434 0.9691

L3 0.7093 0.6095 0.8085 0.7098 0.6086 0.6852

L4 1.0806 0.9806 1.0805 0.9058 1.0209 1.0115

L5 0.7017 0.5017 0.6875 0.6067 1.0686 0.6905

L6 1.1908 1.0492 1.0299 1.0809 0.6092 0.9675

L7 0.3134 0.5291 0.5295 0.4929 0.5293 0.4699

L8 0.2851 0.3695 0.9651 1.0365 1.0607 0.6452

L9 1.1072 0.8072 0.8879 0.9072 1.0908 0.9528

L10 1.0671 0.9061 1.0909 0.9065 1.0952 1.0093

L11 1.0750 0.9950 1.1399 1.005 0.1885 0.7459

L13 0.7015 0.8015 1.0815 1.0615 0.9081 0.8987

L14 1.0413 1.1005 1.0945 1.1005 1.3405 1.1309

L15 1.0146 0.9942 1.1042 0.8942 0.9855 0.9963

L16 1.0808 0.8085 1.0180 0.9985 1.0885 0.9933

L17 0.4029 0.8025 1.0165 0.9927 1.0881 0.8129

L18 0.9122 1.1094 1.1021 0.9535 1.0881 1.0296

L19 1.1350 1.0252 1.1588 1.0653 0.9015 1.0531

Mean 0.8151 0.8084 0.9823 0.9137 0.8616 0.8739

Source: authors’ computations 
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at global level are statistically significant at 95 per cent. The average pure technical efficiency 
which is related to the capability of managers to use firms’ given resources was estimated to be 
higher than the average scale efficiency, is related with exploiting scale. Thus, the result implies 
that the technical inefficiency was mostly a result of scale inefficiency instead of pure technical 
efficiency. The major source of scale inefficiency was found to be decreasing returns to scale.

5. Conclusion and policy implications
This study relied on the non-parametric bootstrapped Malmquist indices and efficiency scores to 
measure and analyse the statistical precision level of the technical efficiency and productivity 
changes of the life insurance industry in Ghana over the period 2015–2020. This has led to further 
estimation of the changes in technological efficiency, changes in efficiency, pure changes in 
technology and changes in scale of technology. The bootstrap approach shows that the majority 
of our estimates are statistically significant.

Our findings reveal that the level of output-oriented technical inefficiency of the life insurance 
industry in Ghana is approximately 17% over the period 2015–2020. Furthermore, our findings 
show that the estimate of total productivity changes has retrogressed about 13% over the period 
in the Ghanaian life insurance industry.

We further identified that the deterioration in the productivity are mainly due to efficiency 
changes. The decomposition of the technological changes also reveals that the life insurance 
industry did not benefit from the pure scale efficiency.

To conclude, this study has measured the statistical precision of efficiencies and productivity 
indices of life insurance industry in Ghana, the study further identified the exact sources of 
productivity change in of life insurance industry in Ghana. It is hoped that managers of life 

Table 6. Source of productivity change for life insurance industry for the entire period
Insurer MPI EFFECH TECH PTEC SEC
L1 1.02070 1.00190 1.01876 0.85275 1.19468

L2 0.96910 2.62270 0.36950 2.39341 0.15438

L3 0.68520 0.63530 1.07855 1.78756 0.60336

L4 1.01150 1.10930 0.91184 1.21781 0.74875

L5 0.69050 0.63290 1.09101 0.76024 1.43509

L6 0.96750 0.88380 1.09470 0.81569 1.34206

L7 0.46990 0.47040 0.99894 0.48455 2.06158

L8 0.64520 0.60530 1.06592 0.57077 1.86751

L9 0.95280 0.85890 1.10933 0.79103 1.40238

L10 1.00930 1.02890 0.98095 1.02327 0.95864

L11 0.74590 0.68660 1.08637 0.63194 1.71911

L13 0.89870 1.12230 0.80077 1.23032 0.65086

L14 1.13090 1.03420 1.09350 1.15669 0.94537

L15 0.99630 1.10590 0.90090 1.10040 0.81870

L16 0.99330 0.90340 1.09951 0.86991 1.26394

L17 0.81290 0.80850 1.00544 1.60067 0.62814

L18 1.02960 1.01770 1.01169 1.42435 0.71028

L19 1.05310 1.14570 0.91918 2.96078 0.31045

G.Mean 0.87380 0.82670 1.05697 1.09383 0.96631

Source: authors’ computations 
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insurance firms and the regulators of the industry would adequately act on specific needs by 
orientation of policies in the right direction that would lead to improvement in efficiency and 
productivity of life insurance industry in Ghana and lesson learnt can be applied elsewhere. Thus, 
this study contributes by encouraging the policy makers and managers of life insurance firm to use 
scarce resources efficiently and productively in order to stay in business.
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