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Abstract 

The purpose of this study is to determine the essential indicators to improve insurtech 
systems and select the most critical alternative to increase insurtech-based invest-
ments in European countries. A novel fuzzy decision-making model is generated 
by integrating entropy and additive ratio assessment (ARAS) techniques with spheri-
cal fuzzy sets. First, the indicators are weighted using spherical fuzzy entropy. Then, 
the alternatives are ranked using spherical fuzzy ARAS. The alternatives are also ranked 
with the spherical fuzzy technique for order of preference by similarity to the ideal 
solution methodology. The main contribution of this study is that it would help 
investors to take the right actions to increase the performance of insurtech invest-
ments without incurring high costs. Another important novelty is that a new fuzzy 
decision-making model is proposed to solve this problem. The results of the two 
models are quite similar, proving the validity and coherency of the findings. It is found 
that pricing is the most critical factor that affects the performance of insurtech invest-
ments. Insurtech companies are required to make accurate pricing by conducting 
risk analyses to increase their profits and minimize their risks. Additionally, according 
to the ranking results, big data are the most appropriate way to improve the perfor-
mance of insurtech investments in Europe. Big data analytics helps companies learn 
more about the behavior of their customers. By analyzing data about their custom-
ers’ past transactions, companies can provide more convenient services to them. This 
would increase customer satisfaction and enable companies to achieve long-term 
customer loyalty.
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Introduction
Insurtech (coined from the combination of the words “insurance” and “technology”) 
is a concept that refers to the active and effective use of technology to improve opera-
tions and processes in the insurance industry. Insurtech encourages the use of innova-
tive technologies instead of traditional methods in the insurance industry (Zarifis and 
Cheng 2022). It offers various opportunities for insurance companies to increase their 
customer experience. Examples of such technologies are mobile applications, artificial 
intelligence (AI), and big data. Using such technologies would help insurance companies 
to provide faster, cheaper, and more customer-oriented services. Thus, insurtech offers 
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the opportunity to digitize and restructure the insurance industry (Che et al. 2022). This 
contributes significantly to the development of the sector.

Insurtech systems provide many advantages to the insurance industry. Insurtech sys-
tems help to increase customer satisfaction by providing faster and more affordable 
services to customers. Due to these new applications, customers can easily perform 
insurance transactions and access them everywhere and whenever they want (Bittini 
et al. 2022). Moreover, insurtech systems can respond faster to customers’ demands by 
increasing the speed of insurance transactions, leading to an increase in customer satis-
faction and efficient performance of transactions. Furthermore, insurtech systems help 
reduce operating costs by automating insurance operations (Chang 2023). Insurtech 
systems also improve insurance companies’ risk management processes. These systems 
help to better understand risks and make a more accurate risk assessment.

Due to these advantages, some actions need to be taken to develop the insurtech sys-
tem. Insurtech companies must be able to respond to customer demands more quickly 
and accurately. In this context, technologies such as online platforms and mobile appli-
cations should be used to better respond to customers’ demands (Kimberly et al. 2022). 
This ensures that customer requests are recorded more quickly and easily. Insurtech 
companies should implement effective marketing strategies to increase the awareness of 
their target audience and acquire customers (Kou et al. 2021). By using digital marketing 
strategies, insurtech companies can reach their target audiences more effectively, deliver 
the right messages to them (Sosa and Montes 2022), and attract their attention.

The success of insurtech companies also depends on their ability to apply the right 
pricing policies. The right underwriting strategies can help them to be successful in 
terms of both profitability and customer satisfaction. An accurate pricing model makes 
it possible to offer appropriate pricing to customers’ demands and to gain a competitive 
advantage (Njegomir and Demko-Rihter 2023). Insurtech companies must gain a com-
petitive advantage in the industry by developing new products and services tailored to 
their customers’ needs (Kou et al. 2023). New product development is a vital factor in 
increasing the growth potential of insurtech companies (Tladinyane et  al. 2022). New 
products give customers more choices and increase customer satisfaction, significantly 
increasing customer loyalty and the growth of the market share of insurtech companies.

The popularity of insurtech in European countries has increased, especially in recent 
years, and the importance of investments in this field is increasing. Insurtech invest-
ments contribute to the European economy and create new business opportunities. This 
contributes to the establishment of new companies and increases employment. Euro-
pean countries have been experiencing significant inflation problems recently, especially 
due to the volatility in the energy market. This situation may lead to a decrease in invest-
ments in Europe. These risks can be minimized by using insurtech applications.

For insurtech investments to develop, different issues need to be taken into considera-
tion. However, all the steps taken to improve these factors lead to incurring new costs; 
thus, improvements in many different aspects of businesses cause financial difficulties 
(Agarwal et al. 2022). Therefore, due to budget constraints, businesses need to prioritize 
more important factors. In this way, investments can be improved without experienc-
ing financial problems (Li et  al. 2022a, b). For this reason, a priority analysis of these 
criteria is of great importance. Through this, more priority strategies will be offered 
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to businesses, and this will contribute to increasing the performance of investments 
efficiently.

This study aims to identify the most essential indicators to improve insurtech sys-
tems and select the most critical alternative to increase insurtech-based investments in 
European countries. A novel fuzzy decision-making model is generated by integrating 
entropy and additive ratio assessment (ARAS) techniques with spherical fuzzy sets. In 
the first stage, the indicators are weighted using spherical fuzzy entropy. Then, the alter-
natives are ranked using spherical fuzzy ARAS. Further, the alternatives are also ranked 
with the spherical fuzzy technique for order of preference by similarity to the ideal solu-
tion (TOPSIS) methodology. This helps to measure the validity and coherency of the 
results of the proposed model.

The main contribution of this study is that due to the priority analysis of insurtech 
investments, investors can take the right actions without incurring high costs. For the 
long-term sustainability of investments, these actions must be taken without incurring 
excessive costs (Kou et  al. 2022). Additionally, the most effective innovative financial 
products are determined to increase the performance of insurtech investments. In par-
ticular, with the development of technology, new financial products have been devel-
oped in recent years (Zhao et al. 2022). However, there is a risk that not all the products 
would be suitable for all areas. Therefore, this analysis of innovative financial products in 
this study is important.

Weighting the criteria with the entropy method has some advantages. Compared with 
other techniques such as the analytic hierarchy process (AHP) and decision-making trial 
and evaluation laboratory (DEMATEL) methods, the entropy method produces more 
precise results in the decision-making process (Barukab et  al. 2019). This helps deter-
mine the importance of each criterion more accurately. Improvements to the factors 
affecting insurtech investments involve significant costs. In order not to incur exces-
sive costs, more important criteria should be determined. Otherwise, the actions taken 
would decrease the profitability of the investments. In summary, the analysis to be car-
ried out in this study is very sensitive. Compared with other techniques, the entropy 
method is much more suitable for this study (Jin et al. 2019).

Using the ARAS technique to rank the alternatives also has some advantages. The 
main benefit of using the ARAS approach is that the degree of alternative utility is cal-
culated by comparing the variable with the ideal best alternative. Calculating distance 
measurements with the ideal negative has been criticized in the literature. Contrary to 
these methods, the ARAS technique is preferred because it considers the ratio to the 
ideal in the evaluation instead of the distance. Due to these sensitive analysis steps, the 
ARAS method is preferred in choosing the most optimal innovative financial product to 
be developed for insurtech investments.

The integration of the entropy, ARAS, and TOPSIS techniques with spherical fuzzy 
numbers also adds some advantages to the proposed model. Unlike the others, these 
numbers are expressed with a sphere (Yüksel et  al. 2022; Özdemirci et  al. 2023). This 
helps spherical fuzzy numbers to produce more accurate results (Yüksel and Dinçer 
2023; Kayacık et  al. 2022). Increasing insurtech investments is a difficult process that 
involves very complex steps to make a priority analysis of the determined criteria and 
the alternatives. Using spherical fuzzy numbers in the analysis process helps to minimize 
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the uncertainty in these complex processes. Another important novelty of this study is 
that, in addition to ARAS, the TOPSIS methodology is also considered when ranking 
the alternatives. Using this comparative evaluation, the reliability of the findings of the 
proposed model can be measured.

The second section presents a literature review. The third section focuses on the details 
of the methodology. The fourth section gives information about the analysis results. In 
the final section, the conclusions, policy implications, and discussions are provided.

Literature review
The European insurance industry is undergoing a rapid transformation that is primar-
ily driven by digitalization and the increasing use of advanced technologies. The term 
“insurtech,” which refers to disruptive innovation in the insurance industry, has attracted 
considerable interest in recent years from both established insurance companies and 
startups (Ho 2023; Awais et al. 2023). The implementation of next generation technolo-
gies presents a new opportunity for improving the entire insurance value chain, rang-
ing from claims management to distribution (Balasubramanian et al. 2018). Advanced 
technologies such as AI, blockchain, and the Internet of things (IoT) are contributing to 
the enhancement of the core business processes of insurance firms as well as the devel-
opment of financial and nonfinancial performance (Rjoub et al. 2023). Cai et al. (2021) 
made a panel data evaluation of 30 provinces in China, highlighting the importance of 
such technologies. Currently, although several investment options exist, it is essential to 
prioritize investments to achieve maximum benefits (Walker et al. 2023).

In recent years, several studies have examined the effects of insurtech on various 
aspects of insurance. Claims management, which is one of the fundamental functions 
of insurance, has emerged as a significant area of research (Fursov et al. 2022). Claims 
management means collecting, recording, analyzing, tracking, and settling claims (Farb-
macher et  al. 2022). Insurtech companies use advanced technologies to improve cus-
tomer experience and satisfaction to better respond to customers’ demands (Eckert et al. 
2022). For instance, Che et al. (2022) conducted a study on the impact of usage-based 
insurance (UBI) technologies on US insurance companies and found that the implemen-
tation of UBI enhances underwriting performance by reducing claims. Wang and Xu 
(2018) and Gomes et al. (2021) evaluated insurance fraud in European countries. They 
demonstrated that deep learning technologies are more effective than traditional models 
in preventing insurance fraud.

Insurtech research has also focused on marketing and distribution areas. Effective 
marketing activities ensure that the right messages are delivered to the target audiences 
through the right channels (Zhou et  al. 2022). These activities increase awareness of 
the products and services of insurtech companies, strengthen their brand image, and 
expand their customer base (Gatzert and Schubert 2022; Ege and Stuber 2022). Stoeckli 
et  al. (2018) argued that the emergence of new digital intermediaries in the personal 
insurance market would have a significant impact on the European insurtech industry. 
Similarly, Sun et al. (2020) claimed that the utilization of blockchain technology would 
eliminate the effects of asymmetric information and representative problem in insur-
ance as well as decrease transaction and agency costs. Moreover, Lee et al. (2015) made a 
questionnaire survey of 538 respondents in Taiwan. They demonstrated that employing 
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mobile applications enhances customer satisfaction, and the extent to which the applica-
tion is practical and useful amplifies this effect.

Policy management is another fundamental part of the insurance value chain, and 
insurtech significantly improves this function (Li et  al. 2022a, b). Therefore, it is nec-
essary to establish an appropriate policy administration process for the growth and 
development of insurtech companies (Leiria et  al. 2022). Borselli (2020) maintained 
that the use of blockchain-based smart contracts would automate production and claim 
processes while enhancing the transparency of policy management. Nayak et al. (2019) 
made in-depth personal interviews with 53 Indian health insurance experts, and Chang 
(2023) created a new econometric model for the effectiveness of an insurtech system. 
They demonstrated that adopting insurtech technologies leads to improved operational 
efficiency and financial performance of insurance companies. Furthermore, based on 
their conceptual study on the areas in which AI is used in insurance, Riikkinen et  al. 
(2018) stated that chatbots would improve the effectiveness of after-sales services in the 
insurance industry.

Insurtech investments in pricing and underwriting have the potential to significantly 
affect the performance of the insurance sector. Correct pricing strategies can also help 
increase customer satisfaction (Dahiya et al. 2022). Because through insurtech, custom-
ers can choose policies that suit them, with the right pricing and pay more affordable 
prices (Pareek et al. 2022), it increases customer loyalty and satisfaction (Seth and Gulati 
2022). For instance, Marafie et  al. (2018) proposed a model that would improve driv-
ing behavior and reduce the risk of accidents by offering real-time feedback to drivers 
via telematics data. Parek et al. examined the influence of big data and AI on the insur-
ance value chain, arguing that the insurance business model would shift from loss com-
pensation to loss prediction and prevention through the widespread adoption of these 
technologies.

Utilizing new technologies in insurance also facilitates the development of innovative 
products to meet evolving consumer demands and expectations. The new product devel-
opment process helps insurtech companies understand customer needs and explore new 
technologies (Saxena and Kumar 2022). This also presents opportunities for improving 
existing products (Nai et  al. 2022). Cortis et  al. (2019) and Christofilou and Chatzara 
(2020) focused on European countries and argued that the adoption of IoT technologies 
in insurance would enable the development of customized products. Abbas et al. (2015) 
proposed a cloud-based framework that offers personalized recommendations for health 
insurance by forecasting users’ needs. Similarly, using blockchain infrastructure, Feng 
et  al. (2018) outlined a model for better administration and insurance of cyber risks. 
Mirza et al. (2023) examined European countries and reached similar conclusions.

The literature review reveals the following. First, insurtech investments have become 
quite popular, especially in the last years mainly because of technological development. To 
improve the financial system in a country, necessary actions should be taken to increase the 
performance of insurtech investments. In this context, there are different indicators that 
improve the performance of insurtech investments, such as claim management, effective 
pricing, and innovative new product development. However, these improvements increase 
costs. For the long-term sustainability of investments, these actions must be taken without 
excessive costs. The existing literature mainly focused on the significance of these items. 
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However, there are limited studies on identifying more critical factors. Based on these 
significant conclusions, this study aims to define the most essential indicators to improve 
insurtech systems and select the most critical alternative to increase insurtech-based 
investments in European countries. Therefore, in this study, a novel fuzzy decision-making 
model is generated by integrating entropy and ARAS techniques with spherical fuzzy sets.

Methodology
In this section, the steps of the approaches are explained. The details are presented in the 
following subsections.

Spherical fuzzy entropy

Entropy measure is an important mathematical method for calculating uncertain informa-
tion and is used to measure the degree of turbidity (Aydoğdu and Gül, 2022). The entropy 
method, which is used in multi-criteria decision-making, is a mathematical tool that uses 
information measurement to determine the weights of criteria (Ma et  al. 2023). In this 
study, the entropy technique is used with spherical fuzzy numbers (Naji Alwerfali et  al. 
2020; Jin et al. 2019; Barukab et al. 2019). First, expert opinions are obtained and converted 
into fuzzy numbers using the values in Table 1.

Second, the decision matrix (D) is formed by taking the arithmetic mean (SWAM) of the 
obtained values using Eqs. (1) and (2).

Third, the ratio of the entropy value (E) to the D matrix is calculated using Eq. (3).
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Table 1  Linguistic variables

Scales Membership degree 
(µ)

Non-membership 
degree (V)

Hesitancy 
degree (Π)

1 (Absolutely low importance-ALI) 0.1 0.9 0.1

2 (Very low importance-VLI) 0.2 0.8 0.2

3 (Low importance-LI) 0.3 0.7 0.3

4 (Slightly low importance-SLI) 0.4 0.6 0.4

5 (Equally importance-EI) 0.5 0.5 0.5

6 (Slightly more importance-SMI) 0.6 0.4 0.4

7 (High importance-HI) 0.7 0.3 0.3

8 (Very high importance-VHI) 0.8 0.2 0.2

9 (Absolutely more importance-AMI) 0.9 0.1 0.1
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Then, the divergence value (div) is computed using Eq. (4).

Finally, the weights (w) of the criteria are determined using Eq. (5).

Spherical fuzzy ARAS

The ARAS method is a multi-criteria decision-making method in which the alternatives 
are evaluated by experts, and it then compares the scores of the selected alternatives with 
the best alternative (Gocer and Sener 2022). One of its most important advantages is 
that it is an easy calculation method that does not require complex operations (Menekşe 
and Camgöz Akdağ, 2022). In this study, the ARAS method is used together with spheri-
cal fuzzy numbers. First, expert opinions are obtained using the scales in Table 1. Simi-
larly, based on the values in the table, these views are translated into fuzzy numbers. The 
decision matrix (D) is formed by taking the average of the expert opinions using Eq. (1). 
The weighted decision matrix (X) is obtained by multiplying the decision matrix by the 
criterion weights (w). Equations (6) and (7) are utilized to achieve this goal.

Next, the optimal values for each criterion are calculated. For the benefit criteria, the 
largest value is accepted as the optimal value, while for the cost criteria, the smallest 
value is selected as the optimal value. In spherical fuzzy numbers, the larger of the two 
numbers are the score and accuracy values. If the score values are equal, the number 
with the greater accuracy value is considered large. These values are calculated using 
Eqs. (8) and (9).

The spherical fuzzy optimality function ( ̃SSi ) is calculated by summing the optimal val-
ues and alternatives based on the criteria. Equation (10) is used for this calculation.
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Using the score and accuracy functions, S̃Si values are defuzzified, and Si values are 
calculated. S0 is the defuzzified value of the sum of the optimal values. Finally, using 
Eq. (11), the sum of the alternatives is divided by the sum of the optimal values, and the 
utility degree (Ki) is calculated.

Spherical fuzzy TOPSIS

The TOPSIS technique is also used to rank different alternatives. In this study, the TOP-
SIS technique is considered together with spherical fuzzy sets. First, expert opinions are 
evaluated using Table 1. Then, the decision matrix (D) is formed by taking the average 
of the expert opinions using Eq.  (1). Further, the decision matrix is multiplied by the 
criterion weights (w) to obtain the weighted decision matrix (X). Equations (6) and (7) 
are utilized in this process. In the next step, ideal negative (X−) and ideal positive (X*) 
optimal values are calculated for each criterion using Eqs. (12) and (13).

The distances of each alternative from the negative and positive ideal values are calcu-
lated. In this process, the normalized Euclidean distance formula in Eqs. (14) and (15) is 
used.

Finally, the classical closeness ratio (C) is computed using Eq. (16).

Analysis results
The findings of the proposed model are presented in the following subsections.

The definition of the problem

This study aims to find the most essential indicators to improve insurtech systems and 
select the most critical alternative to increase insurtech-based investments in European 
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countries. For this purpose, a novel fuzzy decision-making model is generated by inte-
grating entropy and ARAS techniques with spherical fuzzy sets. The main research aim 
is to find the top priorities indicators that drive innovation in European insurance com-
panies through insurtech-based investments. Using the proposed model, priority strat-
egies can be generated for companies to improve these investments. Additionally, the 
spherical fuzzy TOPSIS technique is also used to rank the alternatives to measure the 
validity of the findings.

The details of the criteria and alternatives

The criteria and alternatives are identified through a detailed literature review. Table 2 
presents information about the selected criteria.

Claims management is one of the areas where insurtech companies can make a dif-
ference and stand out in competition by using advanced technology. Claim manage-
ment helps insurtech companies to provide a customer-oriented service while increasing 
revenues. Therefore, claim management has an important role in the development of 
an insurtech system. Effective marketing activities ensure that the right messages are 
delivered to the target audiences through the right channels. These activities increase 
awareness of the products and services of insurtech companies, strengthen their brand 
image, and expand their customer base. In addition, insurtech companies can interact 
with their customers through digital channels to improve customer experience. These 
interactions can help customers recommend products and services that fit their needs. 
This contributes to increasing customer satisfaction and loyalty.

Policy management is one of the fundamental functions of an insurtech system. There-
fore, it is necessary to establish an appropriate policy administration process for the 
growth and development of insurtech companies. Well-designed policy management 
infrastructure help insurtech companies increase their agility and gain customers’ trust. 
Correct pricing strategies can also help increase customer satisfaction. Because custom-
ers can choose the policies that suit them with the right pricing and pay more affordable 
prices, it helps increase customer loyalty and satisfaction. The new product development 
process helps insurtech companies understand customer needs and explore new tech-
nologies. This also presents opportunities for improving existing products. Therefore, 
companies need to pay attention to customer feedback and market trends during the 
product development process. Table 3 presents the details of the selected alternatives.

AI applications are essential innovation tools for insurtech companies and play an 
important role in the development of the industry. By using AI applications, insurtech 

Table 2  Selected criteria

Determinants Supported Literature

Claims management Wang and Xu (2018), Gomes et al. (2021) and Che et al. (2022)

Marketing and distribution Lee et al. (2015), Stoeckli et al. (2018) and Sun et al. (2020)

Policy management Riikkinen et al. (2018), Nayak et al. (2019), Borselli (2020) and Chang (2023)

Pricing and underwriting Marafie et al. (2018), Eling et al. (2021)

Product design and development Abbas et al. (2015), Feng et al. (2018), Cortis et al. (2019), Christofilou and 
Chatzara (2020)
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companies can improve customer experience, manage risk more effectively, and price 
more accurately. Big data analytics helps insurance companies understand customer 
needs, make precise underwriting, manage risks, and make better decisions. In addi-
tion, big data analytics helps insurance companies to establish stronger bonds with their 
customers and increase customer satisfaction. Blockchain technology is another impor-
tant factor in the development of an insurtech system. Blockchain is a decentralized 
and secure data storage and transfer system. In the insurance industry, blockchain tech-
nology can provide many benefits in areas such as data security, fraud prevention, and 
transaction acceleration. An insurtech system can use mobile applications for customers 
to access insurance services more quickly and easily. Mobile applications offer custom-
ers the opportunity to purchase or make changes in their policy, make payments, report 
claims, and perform other insurance transactions. An insurtech system can enable cus-
tomers to access, pay, and claim insurance policies using IoT technology. Due to this 
application, customer behavior can be analyzed more accurately.

Weighting the indicators using spherical fuzzy entropy

In the analysis process, first, an expert team was formed, including three decision-mak-
ers, which is appropriate based on the literature on the fuzzy decision-making theory 
(Yüksel and Dinçer 2023; Yuan et  al. 2023; Adem et  al. 2022; Unal and Temur 2022). 
One of them is an academician who makes significant research in financial investment, 
fintech, and insurtech projects. The other two decision-makers work as top managers in 
international companies. They have participated in many fintech and insurtech projects. 
Their opinions are shared in the Appendix (Table 14). Using steps 1 and 2, the expert 
opinions are averaged. The results obtained are presented in Table 4.

Entropy values are calculated using Eq. (3) over the D matrix. The results are presented 
in Table 5.

Using Eq. (4), divergence values are calculated. The obtained values are presented in 
Table 6.

In the next step, the weights of the criteria are calculated using Eq.  (5). The analysis 
results are presented in Table 7.

Table 7 reveals that pricing is the most critical factor that affects the performance of 
insurtech investments, with the greatest weight of 0.2429. Effective and accurate pric-
ing is of great importance in increasing the performance of insurtech investments. 
Effective pricing is a crucial factor in ensuring the profitability of an insurance com-
pany. To offer appropriate pricing to customers, insurance companies must carefully 

Table 3  Selected alternatives

Alternatives Supported Literature

Artificial intelligence Wang and Xu (2018), Riikkinen et al. (2018) and Gomes et al. (2021)

Big data Nayak et al. (2019), Eling et al. (2021)

Blockchain Feng et al. (2018), Borselli (2020) and Sun et al. (2020)

Cloud, mobile and applications Abbas et al. (2015) and Lee et al. (2015)

Internet of things Marafie et al. (2018), Cortis et al (2019), Christofilou and Chatzara 
(2020) and Che et al. (2022)
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assess potential risks and adjust their rates accordingly. Insurtech companies are also 
required to make accurate pricing by conducting advanced risk analysis to increase 
their investment returns. In this way, companies can increase their profits by min-
imizing their risks. In addition, insurtech companies offering better prices to their 
customers can increase customer satisfaction. Proper pricing can help customers feel 
more secure when purchasing insurance policies. This can increase customer loyalty 
and enable companies to obtain long-term revenues.

It is also found that policy management is the second most important item. The effec-
tiveness of the policy management process is very important in increasing the perfor-
mance of insurtech investments. Through the use of next generation technologies, 
insurtech companies can reinvent the traditional insurer–customer relationship. By its 
nature, insurtech enables end-to-end digitalization of insurance transactions. This allows 
insurance operations to be managed much more quickly, transparently, and efficiently. In 
addition, the smoothness of the policy management process enables insurtech compa-
nies to expand their business more quickly and experience a healthier growth process.

Ranking the alternatives using spherical fuzzy ARAS

The expert opinions in Table 2 and the weights obtained from Eq.  (5) are analyzed. 
The weighted decision matrix (X) is obtained using Eqs. (6) and (7). Table 8 presents 
information about this matrix.

Using the values in Table 8, score and accuracy values are calculated using Eqs. (8) 
and (9). As all the criteria are benefit, the highest value is the optimal value. The opti-
mal values are presented in Table 9.

Equation (10) calculates the spherical fuzzy optimality function values. These values 
are then defuzzified and the results are presented in Table 10.

Table 5  Entropy values

Claims 
management

Marketing and 
distribution

Policy 
management

Pricing and 
underwriting

Product design and 
development

E 0.6666 0.5050 0.4367 0.4297 0.6146

Table 6  Divergence values

Claims 
management

Marketing and 
distribution

Policy 
management

Pricing and 
underwriting

Product design 
and development

Divergence 0.3334 0.4950 0.5633 0.5703 0.3854

Table 7  Weighting results

Claims 
management

Marketing and 
distribution

Policy 
management

Pricing and 
underwriting

Product design 
and development

Weights 0.1420 0.2109 0.2400 0.2429 0.1642
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Using Eq. (11), Ki values are calculated, and alternatives are ranked. The results of the 
ranking are presented in Table 11.

Figure 1 also presents information about the ranking results of the alternatives.
Table 11 and Fig. 1 demonstrate that big data are the most appropriate way to improve 

the performance of insurtech investments in Europe. Blockchain and mobile applica-
tions are other key alternatives. The use of big data is of great importance in increasing 
the performance of insurtech investments. Insurtech companies can make more accu-
rate pricing by collecting and analyzing data from their customers. These companies 
have more data than traditional insurance providers. These data help companies learn 
more about the behavior of their customers. Big data can also enhance the customer 
experience of insurtech companies. By analyzing data about their customers’ past trans-
actions, companies can provide more convenient services to them. This increases cus-
tomer satisfaction and enables companies to achieve long-term customer loyalty.

Making comparative evaluation with spherical fuzzy TOPSIS

Finally, in the proposed model, alternatives are also ranked using spherical fuzzy TOP-
SIS. The expert opinions in Table 2 and the weights obtained from Eq. (5) are utilized. 
The weighted decision matrix (X) is obtained using Eqs.  (6) and (7). Using the values 
in Table 6 and Eqs.  (8) and (9), the score and accuracy values are calculated. Negative 
and positive ideal solution values are calculated using Eqs. (12) and (13). The calculated 
negative and positive ideal values are presented in Table 12.

The distances to the ideals are calculated using Eqs. (14) and (15). Then, classical close-
ness ratio values are computed using Eq. (16). The results are presented in Table 13.

Figure  2 depicts information about the comparative ranking results obtained using 
both spherical fuzzy ARAS and spherical fuzzy TOPSIS.

Figure 2 explains that big data and blockchain are the most essential ways to improve 
the performance of insurtech investments. The ranking results are quite similar with 
both techniques. This proves the coherency and validity of the findings.

Discussions
According to the results of the analysis, the most important factor for improving the 
performance of an insurtech system is an effective and accurate pricing strategy. In this 
framework, it would be appropriate for insurance companies to take the right actions 
to make more accurate pricing. Insurance companies should be able to provide individ-
ual-specific pricing. However, to achieve this goal, a serious study of customer data is 
required. Based on the data obtained, customers would be prevented from overpaying 
by providing them with individual prices. This will increase customer satisfaction. In this 
way, consumers will be more willing to buy insurance. To achieve this goal, insurance 
companies must establish a highly robust technological infrastructure. With a techno-
logical infrastructure, a large amount of data can be collected and processed. Employing 
qualified personnel will also helps achieve this goal because the data obtained will not 
make sense unless they are analyzed by experts. Thus, insurance companies should take 
care to employ personnel who are specialized in data analysis.

On the other hand, the inflation rate should be considered to make the right pricing 
in an insurtech system. Because inflation refers to an increase in prices, for insurance 
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companies, the rate of inflation can directly affect costs. Insurance policies often include 
long-term agreements (Liu et al. 2023). Therefore, these long-term costs must be con-
sidered to develop an effective insurtech system (Basse et al. 2022). The expected infla-
tion rate should also be considered to make accurate pricing in such a system (Park et al. 
2023). This is important because too much increase in costs may cause a company to 
incur losses. When inflation is not considered in pricing, it causes insurance premiums 
to be below the real costs. This puts the sustainability of the business at risk (Dizaji and 
Payandeh Najafabadi 2022). Thus, ignoring inflation can lead to imbalances and financial 
losses between insurance companies and policyholders.

Next, some theoretical and practical implications based on the analysis results are pre-
sented. Regarding the theoretical implications, data analytics and the use of AI come 
to the fore. An insurtech system uses a huge amount of information. To analyze this 

Table 10  Spherical fuzzy and defuzzified equivalents of Si values

µ v π Score Accuracy

Optimal 0.7482 0.2730 0.2488 0.2489 0.6962

Artificial intelligence 0.4972 0.5340 0.3295 − 0.0137 0.6409

Big data 0.7482 0.2730 0.2488 0.2489 0.6962

Blockchain 0.5632 0.4672 0.2850 0.0442 0.6168

Cloud mobile and applications 0.5072 0.5345 0.2827 − 0.0130 0.6229

Internet of things 0.4795 0.5747 0.2461 − 0.0535 0.6207

Table 11  Ranking

Criteria Ki

Artificial intelligence − 0.0551

Big data 1.0000

Blockchain 0.1776

Cloud mobile and applications − 0.0521

Internet of things − 0.2150

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Artificial
Intelligence

Big Data Blockchain Cloud. Mobile
& Applications

Internet of
Things

4

1

2

3

5

Fig. 1  Ranking results of the alternatives
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information effectively, an AI system must be used effectively. This would help develop 
more effective and accurate pricing strategies. For the practical implications, customer 
satisfaction should be considered. Insurtech companies should conduct a comprehensive 
analysis of customer expectations. After these expectations are determined, necessary 
measures should be taken to increase customer satisfaction. In this process, customer 
expectations should also be considered in determining the right pricing.

Many studies have emphasized that the right pricing strategy plays an important 
role in the development of an insurtech system. Xu and Zweifel (2020) evaluated 
insurtech with a general framework using a Delphi method integrated with AHP. In 
their study, the importance of technology and customer expectations in the success 
of the insurtech process was mentioned, and it was highlighted that the right pricing 
strategy should be implemented. Cao et  al. (2020) analyzed the word frequency of 
25,662 news articles about insurtech in China from 2015 to 2019 using the text min-
ing method. They found that pricing strategies play an important role. Nunes (2018) 
examined the relationship between behavioral patterns and the price of insurtech 
applications. He revealed that customer differences are rarely considered, and even if 
personalization is made, pricing is mostly based on sociodemographic characteristics 
and self-reported attitudes and habits. Furthermore, it was argued that the psycho-
graphic information of individuals should also be extracted through data collection. 
Thus, reaching wider masses with more favorable pricing policies through insurtech 
activities is one of the most appropriate solutions. Kimberly et al. (2022) conducted a 

Table 13  Distances to positive and negative ideal solutions

Criteria D (Xi, X
−) D (Xi, X

*) Closeness ratio

Artificial intelligence 0.053 0.147 0.264

Big data 0.171 0.000 1.000

Blockchain 0.072 0.115 0.386

Cloud, mobile and applications 0.040 0.144 0.216

Internet of things 0.024 0.162 0.128

4

3

1 1

2 2

3

4

5 5

0

1

2

3

4

5

6

SF-ARAS SF-TOPSIS

Artificial Intelligence Big Data

Blockchain Cloud. Mobile & Applications

Internet of Things

Fig. 2  Comparative ranking results
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study on online usage and insurtech developments in the insurance market in Malta. 
Their study, which was conducted with factor analysis and multiple linear analyses, 
included 471 participants. They highlighted that insurtech companies should mainly 
focus on pricing. In addition, Chatzara (2020) and Sosa and Montes (2022) stressed 
that the product design and development process is important for the development of 
insurtech.

Another result obtained in our study is that effective policy management is of great 
importance for insurtech development. Policy management, one of the fundamental 
tasks in insurance management, which includes creating quotes, policy issuance, col-
lection, and renewal, can lead to a series of problems such as operational inefficiency 
and customer dissatisfaction due to the inability to carry out these processes digi-
tally and smoothly to meet the expectations of customers. Therefore, customer satis-
faction in insurtech would increase when the policy management process is soundly 
designed. Through this, insurtech products would be preferred by more customers, 
and it would lead to an increase in the share of the insurance sector in the financial 
sector. Nayak et  al. (2019) examined the relationship between the use of new tech-
nologies and the operational efficiencies of insurance companies. They concluded that 
the adoption of insurtech technologies leads to improved operational efficiency. Ricci 
and Battaglia (2021) empirically evaluated how insurtech start-up investments are 
responded to. In their study conducted in Europe, they found that one of the most 
significant potential benefits that insurtech investments can bring is the restructur-
ing of the traditional insurance value chain, resulting in enhanced efficiency and 
adaptability.

The development of an insurtech system is important for the economic devel-
opment of a country. In this study, many important factors affecting this process 
were found. However, according to the results obtained about the development of 
an insurtech system, big data should be given importance. Big data are the collec-
tion of customer data and the creation of a big data pool. By effectively analyzing 
the data in a big data pool, clearer and more specific information about customers 
can be obtained. This method will significantly contribute to the development of an 
insurtech system. Based on the findings of this study, it is imperative to implement 
an effective pricing strategy. To implement the right pricing strategies and personal-
ized pricing, it is important to analyze customer data in a big data pool. Saeed and 
Arshed (2022) investigated the barriers to the use of big data in the insurance indus-
try in India and found solutions to them. They recommended that big data should be 
utilized in insurtech applications. Agarwal et al. (2022) examined how insurtech has 
transformed the insurance industry and emphasized that big data and other techno-
logical developments have an important place in this process.

Insurtech investments are of great importance to the European economy. European 
countries are experiencing high inflation problems due to both the pandemic and the 
Russia–Ukraine war. These situations have caused prices in these economies to rise 
very much. This may lead to a decrease in investments due to increased uncertainty 
in the market, which will negatively affect economic performance. The development 
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of insurtech investments can combat the price increases in the market more easily. 
Thus, insurtech investments can play an indirect role in the fight against inflation 
by making the financial system more efficient. For example, these investments allow 
more favorable prices to be offered to customers.

Conclusions
This study aims to identify the most essential indicators to improve insurtech sys-
tems and select the most critical alternative to increase insurtech-based investments 
in European countries. A novel fuzzy decision-making model is generated by integrat-
ing entropy and ARAS techniques with spherical fuzzy sets. First, the indicators are 
weighted using spherical fuzzy entropy. Then, the alternatives are ranked using spherical 
fuzzy ARAS. The alternatives are also ranked with the spherical fuzzy TOPSIS meth-
odology. The study finds that pricing is the most critical factor that affects the perfor-
mance of insurtech investments. It also finds that policy management is the second most 
important item in this respect. Furthermore, big data are the most appropriate way to 
improve the performance of insurtech investments in Europe. Blockchain and mobile 
applications are other key alternatives in this situation. Insurtech companies can make 
more accurate pricing by collecting and analyzing data on their customers.

The main contribution of this study is that the proposed model would help inves-
tors take the right actions without incurring high costs through the priority analysis of 
insurtech investments. For the long-term sustainability of investments, these actions 
must be taken without excessive costs. Therefore, the priority analysis conducted in this 
study contributes significantly to achieving this goal. This study also has some methodo-
logical contributions. Weighting the criteria with the entropy method has some advan-
tages. It helps determine the importance of each criterion more accurately. Additionally, 
due to the sensitive analysis steps, the ARAS method is preferred in choosing the most 
optimal innovative financial products for insurtech investments. The integration of 
entropy, ARAS, and TOPSIS techniques with spherical fuzzy numbers also adds some 
advantages because they help to minimize the uncertainty in complex processes.

The main limitation of this study is that the analysis is conducted only for European 
countries. However, the priority factors can be changed based on the conditions in dif-
ferent countries. Emerging countries can be examined in future research. These coun-
tries face higher risks. The main reason is that they aim to increase their investments 
in the short term to become developed economies. Therefore, developing the insurance 
industry plays a crucial role for these countries to hedge these risks more appropriately. 
Moreover, in a future study, some improvements can be made to the proposed model. 
Different fuzzy sets can also be considered such as picture fuzzy sets. Similarly, different 
decision-making techniques can also be used such as DEMATEL. For instance, by using 
a multi-stepwise weight assessment ratio analysis approach, the weights of the items can 
be computed by considering the causal relationship among the factors.
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Table 14  Evaluations of the decision-makers

Claims 
management

Marketing 
and 
distribution

Policy 
management

Pricing and 
underwriting

Product design 
and development

Decision-maker 1

Artificial intelligence 5 3 2 8 6

Big data 8 4 4 9 8

Blockchain 6 3 2 8 7

Cloud, mobile and 
applications

4 3 2 9 6

Internet of things 3 2 2 9 6

Decision-maker 2

Artificial intelligence 4 2 2 5 6

Big data 7 3 4 9 9

Blockchain 5 3 3 6 7

Cloud, mobile and 
applications

3 2 2 5 6

Internet of things 2 2 1 5 5

Decision-maker 3

Artificial intelligence 4 3 2 6 7

Big data 7 3 4 9 9

Blockchain 5 2 2 7 8

Cloud, mobile and 
applications

3 3 2 5 6

Internet of things 2 2 2 5 5

Appendix
See Table 14.

Abbreviations
ARAS	� Additive ratio assessment
TOPSIS	� Technique for order preference by similarity to ideal solution
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