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Abstract

Aim/purpose — In line with the general trend of digitalization and changing customers’
needs and preferences, insurance companies have increasingly applied digital technology
to their business. This digital transformation should enhance insurance companies’
efficiency and provide further advantages. Therefore, this study’s main aim is to analyze
the current relationship between the digital maturity of Croatian non-life insurers and
their efficiency.

Design/methodology/approach — The empirical analysis is based on the data collected via
an online survey on a sample of Croatian non-life insurers and from the insurance companies’
financial statements. The data was analyzed using the Digital Maturity Model 5.0 by
Forrester Research, Inc., Data Envelopment Analysis, and correlation analysis.
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Findings — The surveyed Croatian non-life insurance companies have achieved the sec-
ond level of a four-level digital maturity scale, on average. Although the digital trans-
formation of insurance companies is a promising efficiency driver, the current level of
digital maturity of Croatian non-life insurance companies is not positively related to their
efficiency.

Research implications/limitations — The research has implications for insurance com-
panies regarding their path of digital transformation, as well as for the regulators estab-
lishing an adequate regulatory framework to encourage the digital development
of insurance companies. The objective limits of the research refer to the means of mea-
suring digital maturity and the sample size. The research is limited to the Croatian insur-
ance market.

Originality/value/contribution — Analysis of the efficiency of insurance companies
from the information technology perspective is rare in the academic literature, and this
issue has not been investigated using a sample of Croatian insurers. The research con-
tributes to advancing knowledge on the relationship between digital maturity and insur-
ance companies’ efficiency.’

Keywords: digital transformation and maturity, efficiency, Croatian non-life insurance
companies.
JEL Classification: G22, C67, D22.

1. Introduction

Driven by overall technological development, by changing customers’
expectations of the ways of accessing insurance services, and to achieve higher
efficiency and profitability, insurance companies have increasingly implemented
digital technology in their business. The necessity for digital transformation
accelerated during the COVID-19 pandemic and lockdown as a response to
changing market demands (Lanfranchi & Grassi, 2022). Some insurance compa-
nies develop digital innovation in-house, while others apply technological solu-
tions built by external IT companies, and that way take advantage of their con-
sulting services as well. Insurers also invest in IT start-ups or cooperate with
them. The integration of digital technology in the insurance business ranges
from creating and distributing insurance products, risk assessment, and price
calculation to claim adjustment activities, insurance fraud prevention and detec-
tion, as well as financial transactions.

! Part of this manuscript is based on the postgraduate specialist study thesis written by one of the
authors. The research was presented at the International Conference on Economics, Finance and
Business, International Institute of Social and Economic Sciences (IISES), and Faculty of Eco-
nomics — Prague University of Economics and Business, Prague, 2023.
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Besides affecting the business processes of insurance companies, digital in-
novations have been instrumental in creating fully digitalized suppliers that
compete with traditional insurance companies. This refers to InsurTech, or the
integration of advanced technology solutions in insurance operations (Kelley
& Wang, 2021).

Despite exposing insurance companies to challenges, digital transformation
might enhance insurance companies’ efficiency. While the efficiency of insur-
ance companies has been studied from various perspectives — distribution chan-
nels, mergers and acquisitions, organizational form, capital, management, regu-
lation change, and the comparison of efficiency among countries (more recent
review of the studies can be found in Kaffash et al. (2020)), this specific topic
has not been properly addressed in the literature.

The analysis of the impact of the level of the implementation of digital
transformation on the efficiency of insurance companies is still rare (Lanfranchi
& Grassi, 2021). The same is true for research on the effect of digital innova-
tions on the performance of insurance companies in general (Bohnert et al.,
2019). The reasons could be related to the fact that the digitalization of the in-
surance industry has intensified only recently, and it can take years for such
complex investments to bear fruit, provided that implementation issues are
properly addressed. Moreover, company-level data on insurers’ digital transfor-
mation and maturity are of limited availability. Notwithstanding these concerns,
exploring the topic is of the utmost importance.

According to the information available to the authors, there is no study on
the relationship between digital maturity and the efficiency of insurance compa-
nies in the Republic of Croatia. To bridge the gap in the literature, the main aim
of this research is to analyze the correlation between digital maturity and the
efficiency of Croatian insurance companies in the segment of non-life business.
The empirical analysis is based on data collected via an online survey from
10 out of 12 Croatian insurers that operated in the non-life insurance market
(they represented 90% of the non-life insurance market in 2021 (Croatian Insur-
ance Bureau, 2022)) and from the insurance companies’ financial statements for
2021. The data were then analyzed using Digital Maturity Model 5.0 by Forrest-
er Research, Inc., Data Envelopment Analysis (DEA), and correlation analysis.

The analysis showed that, on average, the surveyed Croatian non-life insur-
ance companies have achieved the second level on a four-level digital maturity
scale and that insurance companies’ digital maturity and efficiency are negatively
correlated. As stated above, the relationship between digital transformation and
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efficiency is a complex one and our sample limitations did not allow us to ad-
dress that complexity explicitly. However, we think that an exploratory investi-
gation of the topic is valuable, and we offer some plausible explanations for our
main result at the end of the paper.

The paper is structured as follows. Section 2 presents a review of the litera-
ture on the opportunities and challenges of the digital transformation of insur-
ance companies. Section 3 presents the methods and procedure of the empirical
research. Section 4 depicts the results and discussion. Section 5 concludes the

paper.

2. Literature review on opportunities and challenges
of digital transformation

As it is generally stated, innovations are an essential driver for increasing
the competitiveness and performance of companies. The same is expected for
digital innovations. Since the application of digital technologies affects the entire
insurance value chain (Eling & Lehmann, 2018; Eling et al., 2022), it has the
potential to affect the efficiency of insurance companies as well. The integration
of digital technology enables a reduction in human involvement and lowers the
costs of insurers’ operations (International Association of Insurance Supervisors
[IAIS], 2017).

The potential benefits of digital innovations encourage insurance companies
to take steps in their digital transformation as an extensive implementation of
digital technology and digital resources to promise new revenue generation,
create innovative business models, and more broadly, develop novel approaches
to conducting business (Spremic, 2000). According to Ivancic¢ et al. (2019), there
are seven dimensions of digital transformation, referring to strategy, people,
organization, customers, ecosystem, existing technologies, and innovations.
Digital transformation not only transforms business processes but also manage-
ment systems, as well as clients’ relationships. There is no unique digital trans-
formation model: digitalization should be carried out based on the specific
characteristics of each insurance company (Duvnjak, 2022).

Digital maturity refers to the level of implementation of digital transfor-
mation in a particular company. It is a concept that integrates both technological
and management perspectives (Chanias & Hess, 2016; Teichert, 2019). The first
of these refers to the degree of applying information technology in performing
tasks and processing information in an organization, while the management per-
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spective relates to the degree of digital transformation or status of digital devel-
opment. Thus, this indicates what an organization has achieved in digital trans-
formation activities and how it systematically prepares to adapt to the digital
environment to maintain competitiveness (Chanias & Hess, 2016; Teichert,
2019).

There are different models for assessing the digital maturity of various or-
ganizations (for a review, cf. Chanias & Hess, 2016; Kirmizi & Kocaoglu, 2023;
Kruljac & Knezevi¢ 2019; Ochoa-Urrego & Pena-Reyes, 2021). Teichert (2019)
presents the most common areas used in digital maturity assessment models as
follows: digital culture, technology, operations and processes, digital strategy,
organization, digital skills, innovation, customer insight and experience, govern-
ance, digital ecosystem, leadership, compliance and security, products and ser-
vices, and the business model. As stated by Berghaus and Back (2016), digital
maturity models can have two functionalities: descriptive — maturity models are
used to assess the current state of digital transformation, taking into considera-
tion specific criteria, and prescriptive — they allow to define the direction of ac-
tion, and the abilities needed to achieve the target level of digital maturity. Addi-
tionally, the models can have a comparative purpose, enabling internal and
external benchmarking (Roglinger & Poppelbuf3, 2011).

Although there are various forms of digitalization, the most important tech-
nologies applied to the insurance business are cloud computing, the Internet of
Things (including telematics), big data, artificial intelligence, and the blockchain
(Sheng et al., 2017). These technologies have the potential to generate improve-
ments that could be realized through the whole process of providing insurance,
from sale activities and the development of new insurance products to claims
processing.

The interaction between insurance companies and customers and the sale of
insurance products could be realized by using websites, mobile devices with
apps, social networks, chatbots, social media, and robo-advisers (Eling & Leh-
mann, 2018). A direct online distribution channel of insurance products provides
opportunities for faster selling activities, access to a large number of insurance
customers, and more accessible entrance to new markets at lower costs in com-
parison to traditional sales forces (agents and brokers as well as bancassurance).
In performing selling activities, insurance companies usually apply artificial
intelligence, big data, machine learning, and the Internet of Things (Lin & Chen,
2020).
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Digital technology could modify existing and develop new insurance prod-
ucts. The aim is to create products that are customizable and customer-oriented
(Kelley & Wang, 2021). This is especially applicable in health insurance (e.g.,
pay-as-you-live policies) and motor insurance (e.g., pay-how-you-drive poli-
cies). Additionally, as a response to general digitalization and the importance of
cyber risk (Allianz Global Corporate & Specialty [AGCS], 2023), insurance
companies create new products related to cyber insurance and fully digital prod-
ucts enabled by smart contracts (Eling & Lehmann, 2018).

However, even though insurance companies focus their current digitaliza-
tion efforts on sales and product development, according to Naujoks et al.
(2020), the most significant opportunity for benefits from digital transformation
comes from underwriting activities and claim management. Digital innovations
provide the automatization of insurers’ underwriting activities and, therefore,
faster performance. The application of digital technology, especially the Internet
of Things, and advanced analytics, enables insurers to take into consideration
more risk factors and assess risks more precisely (e.g., determining the level of
risk by tracking the driving and health habits of insureds). Thus, besides en-
abling the gathering of large amounts of data, the data are more detailed and
precise compared to data collected by traditional methods (Ostrowska, 2021). In
this way, insurance premium reflects risk more accurately (e.g., pay-how-you-
-drive policies take mileage and driving style into consideration (Ostrowska,
2021)). Additionally, premiums for insureds exposed to lower risk are reduced,
decreasing the adverse selection problem. Furthermore, since a reduction in
premium is related to data collected from the Internet of Things, this could en-
courage insureds to take preventive measures and change their health habits and
driving style, ultimately reducing losses.

Insurers provide apps for assistance in case of loss and support in claim re-
porting (Eling & Lehmann, 2018). The application of technologies for gathering
data, like Internet of Things sensors, telematics, and drone technology, enables
insurers to get digital notification of the loss (McKinsey & Company, 2018) and
collect valuable data for loss assessment. Moreover, by tracking insureds’
behavior, insurers could alert insureds to some dangers (e.g., car speed, water
levels, and temperature in houses), prevent losses, and consequently, reduce the
number of claims (Eling & Lahmann, 2018). A more significant amount of data
and advanced data analytics enhance fraud detection and reduce moral hazards
in insurance (Lin & Chen, 2020), additionally lowering claims. According to
McKinsey & Company (2018), the potential efficiency gains in claims opera-
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tions are especially high for property and casualty insurers, whose digital inno-
vations can reduce claims expenses by 25-30%. Naujoks et al. (2020) assessed
that for a prototypical non-life insurer in Germany, the reduction in claim pay-
ments is expected to be up to 19% and loss adjustment expenses up to 62%.

Digital technology could support other functions of insurance companies
and enhance decision-making. Artificial intelligence and data analytics could be
applied to the investment management of insurance companies, providing a base
for making better investment decisions (Lin & Chen, 2020). Big data and artifi-
cial intelligence could be integrated into the risk management of insurance com-
panies, enabling the automation of risk management decision-making (Eling
& Lehmann, 2018), like those related to reinsurance. Efficiency gains from digi-
tal transformation could also be expected in support activities of insurance com-
panies (Eling & Lehmann, 2018).

Overall, cost reductions are expected to reach up to 29% in five years
(Naujoks et al., 2020). In the same period, revenues could be increased by up to
28%, mainly from an increase in market share due to passing cost savings to the
users of their services by reducing insurance premiums (Naujoks et al., 2020).
Insurance companies that provide services to individual customers are expected
to receive the earliest and most significant impact of digital transformation com-
pared to insurers that serve commercial customers, for which underwriting and
claim processing activities are more complex (Naujoks et al., 2020). Further-
more, efficiency gains in the health insurance line are expected to be the highest
due to frequent interaction with customers (Eling & Lehmann, 2018).

In addition to the aim of enhancing performance, insurance companies im-
plement digital technology to align with the technological transformation of their
stakeholders and to satisfy the expectations and needs of their clients, especially
clients of the new generation (Duvnjak, 2022). The process has accelerated
during the last few years due to the adoption of digital technologies during the
pandemic.

Users of insurance companies’ services could benefit from insurers’ digital-
ization in terms of easier access to insurance, more transparent pricing, easier
comparison among products offered by different insurers, improved insurance
services, and product customization. More choices and lower insurance premi-
ums might also be on offer (European Insurance and Occupational Pensions
Authority [EIOPA], 2023; Eling & Lehmann, 2018; Lin & Chen, 2020; Naujoks
et al., 2020; Sheng et al., 2017). Due to the faster collection of data, the period
between reporting claims and their settlement is shortened (Naujoks et al.,
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2020), making paying reimbursements to beneficiaries faster. According to
McKinsey and Company (2018), this could increase the satisfaction of property
and causality insurers’ customers by 20%.

In addition to its positive effects, the digital transformation of insurance
companies comes with challenges, too. The most significant are those related to
cyber security, as well as risks associated with privacy and personal data protec-
tion, accuracy of data, potential discrimination of clients due to the new technol-
ogies, and regulatory and legal risks. Integrating the new technology into the
operations of insurance companies could cause more cyber risks. While the new
technology provides greater opportunities to the insurance companies for fraud
detection, at the same time, the technology offers new means to fraudsters for
perpetrating fraud and increases operational risk for insurers. The quality and
accuracy of data collected by Internet of Things technologies could be question-
able. The online sale of insurance is passive compared to sales through brokers
and agents and, therefore, fits only simpler insurance products (motor insurance,
travel insurance, health insurance). Additionally, some clients are prone to tradi-
tional insurance distribution and claims reporting.

According to Berdak and Williams (2021), some of the biggest challenges
in implementing digital transformation are lack of vision and strategy, ineffec-
tive digital transformation management, security risks, personal data protection,
and user experience design. Moreover, despite obvious advantages, European
consumers express their concerns about the digitalization of the insurance busi-
ness, and these are mainly related to unjustified increases in insurance premiums
(the increase not associated with the risk of insured), data privacy, and cyber risk
(EIOPA, 2023).

Bohnert et al. (2019) analyzed the impact of digitalization on the value of
41 European publicly traded insurance companies. They confirm a positive ef-
fect, with the strongest impact for insurers that have a comprehensive approach
to digitalization, encompassing both the digital innovations of internal opera-
tions of insurance companies and innovations in interactions between insurers
and their customers (external context). Based on data from 35 US non-life insur-
ance companies and both parametric (SFA) and non-parametric analyses of effi-
ciency (DEA), Lanfranchi and Grassi (2021) found that the insurance companies
they analyzed were not able to exploit technology for the improvements in their
efficiency. Ma and Ren (2023) analyzed the effect of InsurTech innovations on
insurance companies, considering the stock market reactions to these invest-
ments. They found that the effect depends on the type of technology. A positive
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impact is found for the announcement of investment in peer-to-peer insurance,
blockchain, and on-demand digital insurance, while investors negatively react to
the insurers’ InsurTech investment related to digital analytics, distribution, cross-
-selling, and innovations in cyber security.

Although there are studies in the field of digital transformation of insurance
companies, there is scarce empirical literature on the impact of digital maturity
on insurance companies’ efficiency. Additionally, while the efficiency of Croa-
tian insurance companies has been studied (Juréevi¢ & Mihelja Zaja, 2013;
Medved & Kavcié, 2012; Pervan et al., 2021a, 2021b; Skrinjaric’, 2016; Uckar
& Petrovi¢, 2022), to the best of our knowledge, there is no research on the rela-
tionship between the achieved levels of digital transformation and the efficiency
of Croatian insurance companies. Thus, in the following sections of the paper,
we empirically analyze this aspect of insurers’ activity.

3. Research methods and procedures

The empirical part of the research is divided into three segments. In the first
part of the analysis, we evaluate the digital maturity of the insurance companies
using a survey and the digital maturity model. In the second stage, an analysis of
the insurance companies’ efficiency, using data from their financial statements,
is performed. Finally, to study the relationship between digital maturity and the
efficiency of insurance companies, we apply correlation analysis (since regres-
sion analysis, due to sample size, could not be performed).

3.1. Estimation of the digital maturity of insurance companies

Digital Maturity Model 5.0 by Forrester Research, Inc. (VanBoskirk et al.,
2017) is applied to analyze the digital maturity of insurance companies. The
model is publicly available, and it contains a description of the methodology that
enables conducting research and applies dimensions identified as the most com-
monly applicable in scientific research in the currently available models
(Duvnjak, 2022; Teichert, 2019). The same model of version 4.0 was applied by
Gajsek et al. (2019). According to the model, there are four dimensions for as-
sessing digital maturity: culture, organization, technology, and insights. The
culture dimension refers to the assessment of how much digital culture is perme-
ated and how much it is supported in a specific company, while the organization
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dimension encompasses the alignment of the company in supporting the strategy
of digital transformation, governance, as well as execution. Technology is relat-
ed to the implementation of emerging digital technologies in a company’s activi-
ties, whereas the insight dimension (VanBoskirk et al., 2017) measures the suc-
cess of a company in using customer and business data to assess effectiveness
and inform strategy.

Each dimension consists of seven statements (the statements on the four
dimensions of digital maturity used in the questionnaire are available at the fol-
lowing link: https://foloop.in/uploads/images/stock/The-Digital-Maturity-Model-
5.0-1.pdf), resulting in 28 statements in total. To scale responses, the 4-point
Likert scale is used (0 points — completely disagree, 1 point — somewhat disa-
gree, 2 points — somewhat agree, 3 points — agree entirely). The scores range
from zero to 84. Considering the number of points, there are four levels of digi-
tal maturity. The first one, Sceptics, has a score ranging from zero to 33, and
they ignore digitalization. Companies with scores ranging from 34 to 56 belong
to the Adopters segment, which represents those who are stuck in conventional
ways of performing activities. Those with digital maturity levels from 57 to 74
are Collaborators who collaborate but are not insight-driven (they are not, for
example, data-driven or driven by customers’ experiences), while the highest
degree of digital maturity, ranging from 75 to 84, indicates differentiators that
show ad hoc excellence (VanBoskirk et al., 2017). Besides questions related to
the applied model, the insurers were additionally asked about the specifics of
their digital transformation.

As for the analysis of the digital maturity of insurance companies that oper-
ate in Croatian insurance markets, data are collected through an online survey.
The survey software SurveyMonkey was used. The survey was conducted from
November 23, 2021 to December 10, 2021. The sample consists of three non-life
insurance companies and seven composite insurers, which in total represent 10
out of 12 insurers that operate in the non-life insurance market. The market share
of these insurance companies, measured by the share in total non-life insurance
premiums, amounted to 90% in 2021 (Hrvadski ured za osiguranje [Croatian
Insurance Bureau], 2022), confirming the sample’s representativeness. Respond-
ents were C and higher-level executives.
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3.2. Data envelopment analysis and correlation analysis

Data Envelopment Analysis (DEA) is a nonparametric evaluation method
capable of evaluating the efficiency of a Decision Making Unit (DMU) (in this
analysis, an insurance company). It transforms multiple inputs and outputs into
a single numerical score representing a DMU’s efficiency. Two types of DEA
models can be distinguished: (1) The CCR model, pioneered by Charnes et al.
(1978), and (2) The BCC model, formulated by Banker et al. (1984). While the
first model operates under the assumption of constant returns to scale (CRS)
and assesses overall technical efficiency (OTE), the second model is built upon
the concept of variable returns to scale (VRS) and measures pure technical effi-
ciency (PE).

Based on their orientation, two types of models can be identified: an input-
-oriented model, which prioritizes minimizing input while maintaining output
levels, and an output-oriented model, which aims to maximize output while
keeping input constant. In the context of insurance, where there is more influ-
ence over inputs than outputs, an input-oriented model is chosen, aligning with
previous research in the field, e.g., Cummins and Xie (2013).

The microeconomic theory stresses that to generate outputs and, accordingly,
create incomes, firms’ production functions commonly include inputs such as
capital, labor, and land. Hence, three inputs (capital, number of employees, and
technical provisions) and two outputs (net premiums and investments) for each
non-life insurer are used in DEA analysis.

Considering the inputs, according to Eling and Luhnen (2010), most of the
existing studies of insurance companies’ efficiency use at least capital and labor
as inputs. The capital is divided into equity and debt capital. We use equity as an
input as it is important for insurance companies to fulfill regulatory requirements
and guarantee the accomplishment of their obligations to policyholders (Huang
& Eling, 2013). Debt capital is raised by issuing insurance policies. As a mea-
sure of debt capital, we use net technical provisions. To measure labor input, due
to data availability, the number of employees is applied.

According to Cummins and Weis (2013), the value-added or production
approach is the most appropriate for measuring insurers’ output. Thus, we apply
this approach in our research. The approach states that insurers provide three
main functions. The first one refers to risk-pooling and risk-bearing. It contrib-
utes to value-added as insurers manage the risk pool, collect insurance premiums
from policyholders, and redistribute them to those insureds who have suffered
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a loss. The second function is the intermediation function. It refers to issuing
insurance policies and investing funds in various instruments in financial mar-
kets until insurance companies have to pay claims. The last function refers to
“real” financial services relating to insured losses, adding value by creating cov-
erage programs, prevention activities services, and other real financial services
to their customers. Output proxies of the risk-pooling and risk-bearing services
of insurance companies that are usually used in the efficiency analysis are insur-
ance premiums and present value of losses (Eling & Luhnen, 2010). Taking into
consideration data availability, we use net insurance premiums. As the output
proxy of the intermediation function, we apply investments. Since premiums and
investments are correlated to the “real” financial services provided by insurance
companies, the output of this function is not separately considered in studies of
insurance companies’ efficiency (Huang & Eling, 2013). Selected variables are
also in line with prior efficiency-focused studies (e.g., Hatami-Marbini & Saati,
2020; Kaffash et al., 2020; Li et. al., 2021; Pervan et al., 2021b).

The number of inputs and outputs is consistent with Glany and Roll (1989),
according to which the minimal number of decision-making units, in this case,
insurance companies, should be at least twice the number of inputs and outputs.
All data for input and output variables were obtained from insurance companies’
financial statements for 2021.

As an application of multiple regression analysis is not possible on such
a small number of observations, we applied correlation analysis on the results
obtained by digital maturity and efficiency models, as this method is usually
used for measuring the association between two variables. Since the Digital Ma-
turity Level is based on a Likert scale (categorical data), the Spearman coeffi-
cient of correlation is applied, and this part of the analysis is performed with
SPSS Statistics 23.

4. Research findings and discussion

In estimating the digital maturity of non-life insurance companies, to check
the reliability or consistency across a set of questions for each participant,
Cronbach’s Alpha is calculated for each of the four dimensions of digital maturity.
The results of the reliability analysis, Cronbach’s Alpha, for each dimension
(consisting of seven statements) are presented in Table 1.
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Table 1. Cronbach’s Alpha

Dimension Cronbach’s Alpha
Culture 0.80
Technology 0.66
Organization 0.76
Insights 0.86

Source: Authors’ calculations based on survey data.

The value of Cronbach’s Alpha can range from 0 to 1. The higher the value,
the greater the reliability. A minimum value of 0.7 is recommended, still, since
Cronbach’s Alpha depends on the number of items on the scale, in cases when
the number of items is fewer than 10 (which is our case), according to Pallant
(2020), Cronbach’s Alpha should be greater than 0.5.

The values of Cronbach’s Alpha for all analyzed dimensions are greater
than 0.5 and even greater than 0.7 (except for the Culture dimension, for which it
is close to 0.7), confirming good reliability or internal consistency (consistency
across a set of questions for each participant).

Table 2. Digital maturity scores

Insurer Digital maturity score Insurer Digital maturity score
DMU1 41 | DMU6 54
DMU2 54 | DMU7 60
DMU3 50 | DMU8 62
DMU4 51 | DMU9 70
DMU5 32 | DMU10 67

Note: DMU indicates an insurance company.

Source: Authors’ calculations based on survey data.

According to the results of the analysis of insurers’ digital maturity, the average
score of 54.10 (out of 84) implies that the surveyed insurance companies have
achieved the second level of a four-level digital maturity scale. One out of 10 com-
panies belongs to the Sceptics; five are Adopters, while four have reached the third
level of digital maturity, Collaborators. There is no insurance company with the
highest level of digital maturity or differentiators (Table 2 and Figure 1).
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Figure 1. Digital maturity model scores’ distribution curve of Croatian non-life
insurance companies
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Considering the dimensions of digital maturity, as shown in Figure 2, the
surveyed insurance companies have their highest score in the Culture dimension,
15.00 on average. This is followed by Technology, 14.70, and Organization,
13.90, on average. The lowest level of maturity (10.50 on average), significantly
below the results achieved in the other dimensions, is shown in the Insight di-
mension. The results of the survey show that the process of evaluating the results
and improving digital strategies is still to be done. Croatian insurers should im-
prove on measuring the effectiveness of the implementation of their digital strat-
egies. Moreover, Croatian insurers should prioritize measuring user experience
(as an essential input parameter for creating a digital strategy and implementing
digital transformation) through effective metrics to obtain the expected effects of
digitalization in the planned period.

In general, respondents perceive the concept of digital transformation as
narrower than it is. Four out of ten insurers do not have a strategy for digital
transformation. Investments of insurance companies in digital transformation
account for 25% of all their investments on average, and respondents stated that
financial resources are the main challenge to digital transformation. As a com-
parison, insurers from the EMEA region allocated an average of 49% of their
investments to InsurTech in 2019, 61% in 2020, and 33% in 2021 (Goldman
Sachs, 2021). Besides financial resources, significant obstacles to digital trans-
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formation include a lack of skilled staff and regulatory requirements (high level
of regulatory requirements or undetermined regulation, and in some cases, the
lack of regulation).

Figure 2. Average score of digital maturity according to the dimensions
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Source: Authors’ calculations based on survey data.

Considering the types of digital technologies, cloud computing is used by
most of the companies. The next most used technologies are advanced analytics
and robotics. Artificial intelligence and the Internet of Things are very modestly
exploited by Croatian insurance companies. The areas of technology implemen-
tation are mainly related to selling activities and claims adjustments. The majority of
insurance companies do not use digital innovations in their risk underwriting activi-
ties. According to the data collected from the websites of Croatian insurance com-
panies, most of the insurers offer the option of online insurance distribution for mo-
tor, health, property, and travel insurance. There is also a trend in developing mobile
apps, which, besides being used for buying insurance, provide options for reporting
and reviewing the status of claims. Mobile apps offered by some insurance compa-
nies also provide the option of paying the insurance premium, as well as additional
forms of interaction with the insurer (e.g., exchange of files when handling claims
or filing a complaint) (Duvnjak, 2022).

According to the respondents, improvements are especially required in the
context of the evaluation of users’ experiences, the development of digital skills,
as well as the expert knowledge of the teams that perform the activities of digital
transformation.



70 M. Curak, M. Duvnjak, & M. Pervan

Taking into consideration the level of digital transformation of Croatian
non-life insurance companies and the potential benefits of digital innovations,
there is a question about the relationship between the achieved level of digital
maturity and the efficiency of insurance companies in Croatia. Thus, Data
Envelopment Analysis and correlation analysis are performed in the next stages
of the empirical research.

To calculate efficiency coefficients, we applied a BCC input-oriented model
while using Performance Improvement Management Software (PIM-DEA). Still,
due to the small number of insurers, the results of DEA analysis showed that
most were positioned on the efficiency frontier (in other words, they had a coef-
ficient equal to 100%). A potential relationship between digitalization and effi-
ciency may be spurious in that situation. Therefore, to distinguish between more
and less efficient insurers, super-efficiency has been calculated. This type of
analysis allows the efficiency coefficient to obtain values higher than 100%, thus
permitting the identification of the most efficient insurers. The results of redirec-
tion from the BCC model to the CCR super-efficiency model are presented in
Table 3.

Table 3. Super-efficiency scores

Insurer Super-efficiency score Insurer Super-efficiency score
DMU1 100.95 | DMU6 98.31
DMU2 106.34 | DMU7 100.53
DMU3 119.53 | DMUS 91.11
DMU4 69.81 | DMU9 62.03
DMU5S 117.53 | DMU10 78.59

Source: Authors’ own calculations.

From Table 3, it can be seen that half of the insurers (5 out of 10) were effi-
cient.” The lowest efficiency score (recorded by DMU9) amounted to 62.03%,
suggesting that this insurer can reduce its inputs by 37.97% to achieve the effi-
ciency frontier and to become efficient (i.e., reach an efficiency score of 100%).
Aside from DMUY, inefficient insurers were also DMU4, DMU6, DMUS, and
DMUL10.

2 DEA analysis enables the distinction between efficient DMUs (achieving efficiency scores of
1.0 or 100%) and inefficient ones with scores below 1.0 or 100%. However, if one wants further
to differentiate the efficient DMUs (DMUs that are positioned on the efficiency frontier), super-
-efficiency can be calculated, and in this case, a separation between efficient and super-efficient
DMUs is made.
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Furthermore, although DMU1, DMU2, DMU3, DMUS5, and DMU7 are
efficient (i.e., the baseline CCR model indicated a value of 100% for these
DMUs), an application of the CCR super-efficiency model revealed that among
them, the most efficient insurer was DMU3, as it has achieved the highest effi-
ciency score (119.53). A closer look into the inputs and outputs of this insurer
reveals that although DMU3 uses (on average) almost 2.6 times more inputs than
some of its counterparts, e.g., DMUJY, it realizes (on average) more than five
times larger outputs than DMUO.

The relationship between digital maturity and the efficiency of insurance
companies is shown in Figure 3. Although we expected a positive association
between insurers’ digital maturity and achieved efficiency, the graphic analysis
indicates a negative relation between these two variables. We additionally calcu-
lated the coefficient of correlation. However, due to a small number of observa-
tions, the results should be taken with caution and just as a starting point for
further research on the relationship between digital maturity and efficiency.

Figure 3. Relationship between digital maturity and efficiency
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Table 4. Correlation analysis
Nonparametric correlation Efficiency Digitalization
Spearman’s tho 1 -0.717"
Sig. (2-tailed) 0.020
N 10 10
Spearman’s rho -0.717" 1
Sig. (2-tailed) 0.020
N 10 10

* Correlation is significant at the 0.05 level (2-tailed).

Source: Authors’ own calculations.
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The results of the correlation analysis are presented in Table 4, in which
a statistically significant and negative correlation coefficient value can be
observed. To some extent, the results align with Lanfranchi and Grassi (2021).
The maturity and efficiency scores of DMUS5 and DMUQ significantly drive the
result of the correlation analysis, and some other factors may influence this rela-
tionship (e.g., size of the company, ownership, product diversification, and lev-
erage). However, due to the sample size, multiple regression analysis is not
applicable, and thus, there was no possibility to consider control variables.

As stated in the introduction, digital transformation projects are usually
multi-year and require complex preparation, significant financial resources, and
expert teams. Thus, it takes a certain time to achieve the benefits of the innova-
tions. Since most of the insurance companies in Croatia are at lower levels of
digital maturity, it could be expected that the positive influence of these invest-
ments on efficiency will be realized after a certain period. Additionally, as stated
by Lanfranchi & Grassi (2022), investing in technology alone does not guarantee
success, as the expected benefits may not materialize naturally, and the invest-
ment might not be justified. As some of the insurers do not have a strategy for
digital transformation, they may undertake ad-hoc activities and not be able to
verify if the activities are properly implemented and managed, if all available
sources are engaged, and if these investments result in the expected effects.
Additionally, when we consider the types of technologies and insurers’ functions
in which these technologies are implemented, it could be concluded that the
digital transformation of insurance companies is not taken comprehensively.
However, Bohnert et al. (2019) found that companies with a comprehensive
approach to digital innovations have achieved the strongest effect of digital
transformation on performance. Thus, insurance companies need to adopt digital
innovations in both internal and external contexts.

5. Conclusions

The main aim of this research was to examine the relationship between the
digital maturity of insurers and their efficiency. Digital transformation changes the
ways insurance companies interact with their customers and perform their opera-
tions, potentially contributing to the efficiency of these financial institutions.

Digital Maturity Model 5.0 by Forrester Research, Inc., based on data col-
lected through a survey of insurance companies, shows that the surveyed Croa-
tian non-life insurance companies have reached the second level of a four-level
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digital maturity scale, on average, while correlation analysis indicates a negative
relationship between digital maturity and the efficiency scores that were ob-
tained by the Data Envelopment Analysis. The result might be explained by the
fact that digital transformation projects are long-term projects and require signif-
icant financial and human resources. In other words, it is expected that the posi-
tive influence of these investments on efficiency will be realized after a certain
period. The fact that Croatian insurers are at the start of this process might also
imply that already efficient insurers are still skeptical about the need to increase
their digitalization investments and that insurers that have already invested in
digitalization, are pushed by the will to improve their low-efficiency starting
point, have not yet enjoyed the effect of their effort.

Even though complex, as the results we offer testify, investing in digitaliza-
tion is of the utmost importance for insurers. As stated above, digital technology
benefits are numerous and include a wide range of aspects of the business. For
example, technology allows a company to easily measure user experience regu-
larly and consistently and evaluate the quality of the relationship with clients and
their satisfaction with products and services. It allows insurers to offer tailor-
-made insurance products and make insurance coverage and pricing more under-
standable for policyholders, improving relationships and customer retention.
At the same time, insurers should satisfy the preferences of those clients who
prefer traditional ways of buying insurance and filing a claim.

To shift to a higher level of digitalization and achieve efficiency gains, in-
surance companies should conduct comprehensive activities in a wide range of
digital transformation areas. This refers to the implementation of their digital
strategies and the implementation of new technologies, building a digital culture
throughout the company, developing the digital ecosystem, enhancing the digital
skills of their employees, encouraging innovations, and continually evaluating
customer insights and experiences. Since the insurance market is highly regulated,
while the Digital Economy and Society Index of Croatia is below the EU aver-
age, insurance companies’ digital transformation should be supported by an ade-
guate regulatory framework and the more rapid development of digital society in
general.

As clearly stated throughout the paper, our effort is exploratory in nature
and has some limitations. The first objective limit of the research refers to the
measure of digital maturity since it is self-assessed by the employed representa-
tives of insurance companies, and it could be biased to some extent. The
research results are limited to the Croatian insurance market only, and due to
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objective limitations related to the small number of insurance companies, it was
not possible to apply more sophisticated methods to analyze the relationship
between digital maturity and the efficiency of insurance companies. We were
only able to investigate the correlation between our variables of interest and
could not check for the influence of other factors. However, our work could be
a starting point for future research, for which several suggestions are presented
in what follows. We encourage future studies to apply other measures of the
digital maturity of insurance companies; moreover, as digital maturity is not
a static concept, but a dynamic one, future research may analyze changes in the
digital maturity of insurance companies and its impact on their efficiency. As
more data become available, more sophisticated methods could be applied.
Additional work could be done on the sample encompassing employees at dif-
ferent hierarchy levels and departments in insurance companies. A comparison
of the impact of digital maturity on the efficiency of life and non-life insurers is
also suggested for future research.
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