alll ﬁl”l‘ AND TECHNOLOGY ,,POLITEHNICA”

NATIONAL UNIVERSITY OF SCIENCE %0
sssssas BUCHAREST tb =

-
=
>

ANI DE INOVATIE
W!T DOCTORAL SCHOOL OF

ENTREPRENEURSHIP, ENGINEERING
BUSINESS AND MANAGEMENT

{

SUMMARY OF THE DOCTORAL THESIS

Research on using artificial intelligence to
improve auto and health insurance services

Scientific coordinator Doctoral Student

Prof. dr. ing. Gheorghe Militaru Vladimir Ghita

PhD EXAMINATION COMMITTEE

President Prof. Ph.D. Deselnicu Dana Corina from NATIONAL UNIVERSITY OF
SCIENCE AND TECHNOLOGY
,,POLITEHNICA” BUCHAREST
Coordinator Prof. Ph.D. Eng. Militaru Gheorghe from NATIONAL UNIVERSITY OF
SCIENCE AND TECHNOLOGY
,,POLITEHNICA” BUCHAREST
Reviewer Prof. Ph.D. Eng. Scarlat Cezar from NATIONAL UNIVERSITY OF
SCIENCE AND TECHNOLOGY
,,POLITEHNICA” BUCHAREST
Reviewer Prof. Ph.D. Eng. Repanovici from TRANSILVANIA UNIVERSITY OF
Angela BRASOV
Reviewer Prof. Ph.D. Eng. Loghin Maria- from ,.GHEORGHE ASACHI” TEHNICAL
Carmen UNIVERSITY OF IASI

Key words: artificial intelligence, insurance, natural language processing, NLP, computer vision, CV, claims

Bucharest, 2024



Acknowledgements

First of all, I would like to thank univ. prof. Ph.D. Eng. Gheorghe MILITARU, both for
his special involvement throughout the duration of the doctoral studies, and for his exemplary
guidance in the writing of this thesis.

An effort of such high complexity as pursuing and completing doctoral studies cannot
be achieved without the high involvement in terms of time and effort. Therefore, I would like to
thank my wife for her constant support and understanding, and to thank my parents for always
believing in my abilities and encouraging me, no matter what complicated issues I faced.

Sincere thanks to the members of the guidance committee, respectively, to univ. prof.
Ph.D. Eng. Razvan RUGHINIS, assoc prof. Ph.D. Eng. Georgiana MOICEANU, and assoc
prof. Ph.D. Eng. Catalin ALEXE. Every discussion and debate held regarding the topic
addressed in the doctoral studies represented an extremely important help for their completion.

Many thanks also to the members of the PhD examination committee, univ. prof. Ph.D.
Eng. Cezar SCARLAT, univ. prof- Ph.D. Eng. Angela REPANOVICI, and univ. prof. Ph.D.
Eng. Maria-Carmen LOGHIN. Their involvement in the final revision of the papers, as well as
the speed with which they carried out the analysis of the doctoral thesis represented extremely
important support. I also thank univ. prof. Ph.D. Dana Corina DESELNICU, the president of
the support committee.

I want to especially thank all my colleagues with whose help I managed to develop the
IT systems presented in this paper. Without their exemplary involvement and extremely sound
technical knowledge, the two systems could not have been analyzed, developed, and
implemented.

Last but not least, I would like to thank all clients and collaborators that took part in
the research and development effort. Activities carried out together led to the creation of two
innovative systems, which present the premises of providing services in the car and health
insurance market.

Page 2 of 29



Table of Contents
ACKNOWICAZEMENLS c..ccoreieiiinnrrricisiissnnrneccssssnsrnecssssssssressssssssssssssssssssssssssssssssasssss 2
Doctoral thesis taDle Of CONETEINLS ..cc.ceeueeenerenierecereereseccsecssecssesssssssesssssssesssesssesses 5

Chapter 1 - General information related to the research and the structure
Of the doctoral tResiS ...uueieeiieeeciineeiiiieieiiineencnineenisnneecssneeecsssseecsssnseecsssssenens 9

Chapter 2 The current state of research on the use of artificial intelligence
in the INSUrance INAUSTIY ....cciiiiiiinnnniieciiissnnnreccissssnnreccssssssssnecsssssssssesssssssssssees 10

Chapter 3 - Insurance companies and their profitability and technological
SYSTERIIIS couuuenrerrecessssssrrecssssssssrncsssssssssnncsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 11

Chapter 4 - Research for identifying requirements for developing software
solutions and presenting possible project management methodologies...... 12

Chapter S - Development and validation of the IT solution for improving
health INSUrance SEIVICES .....cccovvvnmeriiiisicsnriiccsssssnnnnecssssssssnessssssssssessssssssssses 13

Chapter 6 - Development and validation of the IT solution for improving

AULO INSULANCE SCTVICES wevrrreerrrssnrreccsssssssrnecsssssssssnscssssssssssesssssssssssssssssssssssssssns 14
Chapter 7 - Conclusions, contributions, and future research...................... 15
Published artiCles........ccouniriiciiiisnnriccnsissneniccsssssnsnneccssssssssnecssssnsssnessssssssssses 16
Bibliography ...cccceiiiiiiiiinniiiiciiiisnnniccsscssnnennccssssnssnecssssssssssessssssssssssssssssssssees 17

Page 3 of 29



LIST OF FIGURES

Figure 3.1. Market share of insurance companies operating in Romania, in the first nine months of

2023 (PEICENLAZES)..veeveeereeurerreereereareaseeseasseasseaseesseasseasesssesssesseesseessesssesssessseesseessessseessesssesssennses 11
Figure 5.1. Interface for extracting text from documents attached by clients via OCR from the
developed health InSUrance apPliCAtION.........ccververierierie e ete ettt sre e seae s e senesnseenees 13

Figure 6.8. Screen for viewing and editing damages in the developed auto insurance application....14

Page 4 of 29



Doctoral thesis table of contents

INTRODUCTION 13

CHAPTER 1. GENERAL INFORMATION RELATED TO THE RESEARCH AND THE

STRUCTURE OF THE DOCTORAL THESIS 14
1.1. RESEARCH CONTEXT 14
1.2. THE IMPORTANCE AND RELEVANCE OF THE TOPIC 17
1.3. THE NEED TO APPROACH THE DOCTORAL THEME 18
1.4. RESEARCH OBJECTIVES 19
1.5. THESIS STRUCTURE 22

CHAPTER 2. THE CURRENT STATE OF RESEARCH ON THE USE OF ARTIFICIAL

INTELLIGENCE IN THE INSURANCE INDUSTRY 23
2.1. DEFINITION AND TAXONOMY OF ARTIFICIAL INTELLIGENCE 23
2.2. NATURAL LANGUAGE PROCESSING AND COMPUTER VISION 33
2.2.1.  NATURAL LANGUAGE PROCESSING ....c.cveuiietinieueietesieieseasesessesessesesesessesenessesessesessesessesensesenes 33
2.2.2. COMPUTER VISION .....ctiuiieuinietenietentetesessesesseseteseseesesteseseesesessesessesessesansesenseseseesesessesesesensesenes 37

2.3. STATE OF THE ART IN NATURAL LANGUAGE PROCESSING AND COMPUTER VISION

RESEARCH IN INSURANCE 43
2.3.1. NATURAL LANGUAGE PROCESSING ......ccottieuritieeeieeeieeteeeeeeeeeiaereeesesssssneseesssssenssseessssssnnsseees 43
2.3.2.  COMPUTER VISION ....ciitiiiuietteeteeeeeeeeteeeeeeeeeseeteeeeesesesasstesssssassaaseeesssssssssesesssssasssseessssssnrssseees 51

2.4. BUSINESS APPLICATIONS FOR AUTO AND HEALTH INSURANCE BASED ON ARTIFICIAL

INTELLIGENCE 59
2.4.1.  AUTO INSURANCE SECTOR......cccccttiiietieeeeiireeeesteeeeeitteeesssseeesssaeesassseeeasssesassssseesssssessssssseessnsens 60
N B B € 1 £ g o] [ USSP 61
2.4.1.2  Tractable LIMIted .........coieiiiiiiiiiieieieeee ettt sttt st 62
2.4.1.3  CCOC ESHIMALE ...ttt sttt sttt ettt ettt b et sb e et e e st e sbe e st et e ebeebeentenbeeneeseeneenee 63
24114 WEPTOOV .ttt st sttt sttt st sttt bt s he e bbb e naees 64
2.4.2.  HEALTH INSURANCE SECTOR ......cotiiiiiiiieiiiieeeiieeeesitteeeesteeeesseeesesseeeasssessssssesesssssssssssssesssnsens 67
2.4.2.1  SYMPLOIMIA.....iiiitiiiitiieiieesieeeieeeteeette ettt e tteesateesateeenteesaseesnteeanseesaseeesnseessseesnseesnseesseesnsseenssenn 67

Page 5 of 29



2.4.2.2  INTEIMEAICA. ... eeeeiiiiei ettt e e e e e e s et e e e e e s e see et e eeseseseaaareeeesssaneanees 68

2823 FLOTEIICE ..oveeiieoeeeeee ettt ettt e e e e et e e e e e s et s e e eesesesaaaeeeeesssseaaaeeeeesssaneaaees 69
N 1< 1 T1<) | 2 U UUSSUPO 69
2.5. CHAPTER 2 CONCLUSIONS 71

CHAPTER 3. INSURANCE COMPANIES AND THEIR PROFITABILITY AND

TECHNOLOGICAL SYSTEMS 72
3.1. TYPOLOGY OF INSURANCE COMPANIES 72
3.2.  PROFITABILITY OF INSURANCE COMPANIES AND PROFITABILITY IMPACT FACTORS.......... 80
3.3. SYSTEMS USED BY INSURANCE COMPANIES AND DIGITALIZATION TRENDS .....cccceeeeueesuenenes 86
3.4. CHAPTER 3 CONCLUSIONS 91

CHAPTER 4. RESEARCH FOR IDENTIFYING REQUIREMENTS FOR DEVELOPING
SOFTWARE SOLUTIONS AND PRESENTING POSSIBLE PROJECT MANAGEMENT

METHODOLOGIES 92
4.1. STUDIES ON IMPROVING HEALTH INSURANCE 94
4.1.1.  RESEARCH WITH MANAGERS FROM INSURANCE COMPANIES........cc0etteirieeerrieeeeireeeeeveeeeeennns 94
4.1.2. RESEARCH ON THE USE OF CHATBOT SYSTEMS IN HEALTH INSURANCE ..........cc0eevirviereerrennnnn. 97
4.2. STUDIES ON IMPROVING AUTO INSURANCE 99

42.1. RESEARCH ON IDENTIFYING REQUIREMENTS OF CUSTOMER OF INSURANCE COMPANIES ......99
42.2. RESEARCH ON IDENTIFYING REQUIREMENTS OF EMPLOYEES OF INSURANCE COMPANIES...100

4.3. PROJECT MANAGEMENT METHODOLOGIES FOR THE IMPLEMENTATION OF SOFTWARE
APPLICATIONS 103

4.4. CHAPTER 4 CONCLUSIONS 112

CHAPTER 5. DEVELOPMENT AND VALIDATION OF THE IT SOLUTION FOR

IMPROVING HEALTH INSURANCE SERVICES 114
5.1. HEALTH INSURANCE SOLUTION DESIGN 114
5.2. APPLICATION DESCRIPTION 120
5.3. EVALUATION METHODOLOGY 124
5.3.1.  TECHNICAL TESTING METHODOLOGY ....cveutrteutriererieseneeieneesesensesessesessesessesesesensesensesenessesesnas 124
5.3.2. ECONOMIC VALIDATION METHODOLOGY ....cveutieriniereniruenieresensesessesessesesesensesensesessesensesesesnes 125

Page 6 of 29



5.4. TESTING AND VALIDATION RESULTS 127

5.4.1.  TEHNICAL TESTING ....cutttetteeiteeeueeestreentteeseeesseesaseeeseeesssesssseesnsessnseesnsessssesasssessseesssessnsessnses 127
5.4.2.  ECONOMIC VALIDATION ....cccctttiiuiteiieeneteenteesteesaueesnueeenssessseeesnseesseesssessssesasssesssseessseesnsessnses 129
5.5. CHAPTER 5 CONCLUSIONS 131

CHAPTER 6. DEVELOPMENT AND VALIDATION OF THE IT SOLUTION FOR

IMPROVING AUTO INSURANCE SERVICES 132
6.1. AUTO INSURANCE SOLUTION DESIGN 132
6.2. APPLICATION DESCRIPTION 140
6.3. EVALUATION METHODOLOGY 143
6.3.1. TECHNICAL TESTING METHODOLOGY .....cvvtiiietieeeeitieeeesreeeeeireeeeesnseeeessseeesssssesessssesssssssesssnnes 144
6.3.1.1 Methodology for testing the price prediction Al model............cceevevivrviieriecinrieeeieeeeen, 144
6.3.1.2 Methodology for testing the damage detection Al model.........c.cccceevvvrviieciecinnierieieee, 147
6.3.1.3 Methodology for testing the car details identification Al models...........cccceevvrrervrreeriennnne 148
6.3.2. ECONOMIC VALIDATION METHODOLOGY .......cccottutrreeeeeeeiiirreeeeeeeeeeireeeeeeeeenisrereeeseeesssreeeseeens 150
6.4. TESTING AND VALIDATION RESULTS 151
6.4.1.  TEHNICAL TESTING .....utttiiiiiieeeitteeeeiteeeeiteeeesoteeeeessseeesssseeesasssassssseeessssesesssssessssssesessssessnnnees 152
6.4.1.1  PriCe PrediCtiON....cccueeiiieiieiieiieieeie et ettt et et et e esteesteesbeasseenseesseesseasseanseanseansesssenssesnsennns 152
6.4.1.2  Damage detECLION ......c.eccviecrierieiieie et et et et er e et e eteereebeesbeenseesseesseesseanseanseanseessesssesssennns 153
6.4.1.3  Car details 1dentification ..........cccccoirirrierirereeeeee ettt st 154
6.4.2.  ECONOMIC VALIDATION ......ciiiitiieeieiiieeeiieeeesiteeeeestteeeessreeeesseeaeassseeessssesesssssessssssesessssesssnees 156
0.4.2.1  USADILILY «..eviteieieiiet ettt sttt s bttt b bt neenea 156
6.4.2.2  ECONOMIC IMPACL......cciiiiieiieiieiieiieie ettt ettt eteete et et e e e esseesseesseanseanseansesssesssesssennns 158
6.5. CHAPTER 6 CONCLUSIONS 159

CHAPTER 7. CONCLUSIONS, CONTRIBUTIONS AND FUTURE RESEARCH

DIRECTIONS.... 160
7.1. CONCLUSIONS 160
7.2. CONTRIBUTIONS 161

Page 7 of 29



7.3. FUTURE RESEARCH DIRECTIONS 162

PUBLISHED ARTICLES 163

BIBLIOGRAPHY 164

APPENDIX I: SCREENSHOTS FROM THE INTERFACE OF THE ANALYZED
COMMERCIAL APPLICATIONS 177

APPENDIX II: QUESTIONNAIRES USED IN HEALTH INSURANCE SEGMENT
RESEARCH AND APPLICATION IMPLEMENTATION 184

APPENDIX IIT: QUESTIONNAIRES USED IN RESEARCH ON THE MOTOR VEHICLE
INSURANCE SEGMENT AND IN THE IMPLEMENTATION OF THE RELATED
APPLICATION 186

Page 8 of 29



Chapter 1 - General information related to the research and the
structure of the doctoral thesis

The first chapter, entitled " General information related to the research and the structure
of the doctoral thesis" is an introductory one, that aims to present the context and the objectives
of the paper. This chapter illustrates the applicability of artificial intelligence (Al) in the
insurance field and contextualizes the research approach by referencing the economic and
technological position of the local insurance industry in both regional and global contexts. The
importance, relevance, and necessity of the doctoral thesis topic are argued based on the
international trend of integrating Al into insurance company processes, the benefits of
integrating this technology, favorable economic projections regarding the profit Al can bring
to this industry, the challenges faced by insurance companies in managing large data flows,
and Romania's relatively unfavorable position concerning insurance premium revenues. The
chapter also proposes the structure of secondary and specific objectives derived from the
general objective, which is to research how can Al improve the services that are provided by
insurance companies.

Specifically, the paper presents the research, design, implementation, and evaluation of
two Al-based solutions aimed at streamlining the insurance claim management process for
employees of companies in the local and international insurance industry. The first solution
aims to improve the management of health insurance claims. The developed software solution
seeks to automate the process of centralizing, verifying, and evaluating the documents needed
to compensate for damages associated with this type of insurance. The second solution aims to
optimize the management of claims in the auto insurance sector through a software application
whose main functionalities include damage detection and the assessment of the associated
accident costs. These two software solutions allow the improvement of services provided by
insurance companies.

Several analyses support the validity of implementing Al solutions to optimize
processes in insurance companies. A study conducted by Business Insider Intelligence on nine
companies in the insurance industry suggests that Al-based technologies can lead to significant
cost reductions (Nonninger, 2019). Additionally, Kumar et al. (2019) show that approximately
half of the insurance companies investigated in an Everest Global study focus on implementing
Al to optimize processes and improve customer experience. Similarly, Eckert & Osterrieder
(2020) illustrate case studies where the use of Al technologies leads to the optimization of
insurance company services. Along the same lines, an analysis by Eling et al. (2022) shows
that the use of Al has a transformative impact on the insurance industry. Similarly, Jones &
Sah (2023) present the impact of Al and big data techniques in the insurance industry,
mentioning financial and operational benefits. Wilkinson et al. (2024) enumerate operational
efficiency and financial gains as benefits of using Al technologies in the insurance field.
Moreover, Khalisa (2024) illustrates that improving insurance services through digital
technologies like Al brings benefits not only to insurance companies but also to their
employees and clients.

The fulfillment of the doctoral thesis objective, as stated at the beginning of the first
chapter, is documented through seven main chapters that present the research and development
activities carried out to achieve the proposed objective. Each chapter presents relevant and
current aspects regarding the insurance industry, as well as how applications utilizing artificial
intelligence can be implemented in companies operating in this industry.
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Chapter 2 The current state of research on the use of artificial
intelligence in the insurance industry

The second chapter, entitled "The current state of research on the use of artificial
intelligence in the insurance industry" provides information about artificial intelligence and its
application in the insurance sector. The chapter presents the theoretical and technical
foundations of the doctoral thesis. The first section defines Al and outlines the main
characteristics of the types of technologies encompassed by this term. The second and third
sections focus on existing research regarding the use of two Al technologies in the insurance
industry: natural language processing (NLP) and computer vision (CV). The final section
analyzes existing commercial systems that use Al to streamline processes in the auto and health
insurance industries. Consequently, Chapter Two contributes to the presentation of current
knowledge by analyzing Al technologies, in order to identify solutions that can address issues
in the insurance industry, as well as by examining academic and commercial efforts to
implement Al in the insurance industry on a global scale.

The main objective of this chapter was to analyze the current state of Al technologies
and to identify technologies that can be used to address real operational problems in the
insurance industry. Building on this objective, three secondary objectives were further defined.
The first was to conduct an analysis of existing technologies for natural language processing
and computer vision. The second objective was to analyze the current state of research on NLP
and CV technologies in the insurance industry. The third secondary objective involved
analyzing at least eight existing commercial systems that use NLP or CV in the insurance
industry.

To achieve these secondary objectives, a series of studies were conducted, as follows.
First, a review of the specialized literature on natural language processing and computer vision
technologies was carried out. This research aimed to fulfill the first secondary objective,
specifically analyzing existing technologies for natural language and image processing. The
second study focused on fulfilling the second secondary objective, which involved analyzing
the specialized literature on academic efforts to implement NLP and CV technologies in the
insurance industry. The third study, corresponding to the third secondary objective, focused on
analyzing public information regarding existing commercial systems that use NLP or CV in
the insurance industry.

Together, these analyses allowed for the achievement of the three secondary objectives
and the overall objective of this chapter. The research conducted, as described above, enabled
an analysis of the possibilities of using Al in insurance, ranging from systems based on machine
learning (ML) algorithms to more complex systems based on deep learning (DL). It is worth
mentioning that an emerging trend toward generative multimodal Al systems, which integrate
NLP, CV, and other techniques, was identified. However, the development of such systems
requires a mature industry with reliable DL or ML systems adapted to the local market, which
is currently lacking in the local industry. Consequently, chapter two provided the rationale for
the research and development approach presented in the following chapters.
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Chapter 3 - Insurance companies and their profitability and
technological systems

The third chapter, entitled "Insurance companies and their profitability and
technological systems" provides an overview of the economic and technical structure of
insurance companies. The primary focus of this chapter is to present the structure and
operational functioning of insurance companies. The first section offers general information on
the operating principles and organizational structure of insurance companies. The second
section focuses on analyzing the profitability and expense structure within the insurance sector,
with particular emphasis on health and auto insurance. Finally, the last section examines the
information systems used in the insurance industry and the challenges they present, with a
focus on the systems employed in the local market and the automation trends that have
supported and motivated the current research effort. This chapter contributes to existing
knowledge by conducting analyses within the insurance industry to present the economic and
technological structure of existing economic operators.

The general objective of this chapter was to analyze the insurance industry at both the
international and local levels to identify problems that can be addressed through the
development of information systems. Within this chapter, one of the secondary objectives
derived from the previously mentioned general objective was achieved, specifically the
analysis of the functional and economic structure of the insurance industry by referencing
existing international literature and accessible national data. This secondary objective was met
through the study of specialized literature and public information regarding the functional and
economic structure of the insurance industry.

In terms of results, it is worth mentioning the illustration of underwriting and claims
processing procedures, the analysis of revenue and expense structures, and the identification of
macroeconomic and technical factors affecting the profitability of insurance companies. Figure
3.1 illustrates the market share of major economic players in the local industry as part of the
analyses conducted in this chapter.
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Figure 3.1. Market share of insurance companies operating in Romania, in the first nine months
of 2023 (percentages).

Source: Adapted from Autoritatea de Supraveghere Financiara. (2023). Evolutia Pietei de Asigurari. Accessed on March 18, 2024, Available
at: https://www.asfromania.ro/uploads/articole/attachments/65c¢0f91a950a5260439780.pdf pp. 17.
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Chapter 4 - Research for identifying requirements for developing
software solutions and presenting possible project management
methodologies

Chapter four, entitled " Research for identifying requirements for developing software
solutions and presenting possible project management methodologies" focuses on identifying
specific problems faced by local insurance companies, as well as defining potential
management methodologies for handling the implementation projects of the targeted software
solutions. This chapter has a dual purpose. Firstly, it presents the results of the research
conducted to identify the requirements necessary for developing the targeted applications.
Secondly, the chapter introduces the results of the analyses carried out to select the appropriate
management methodology for managing the implementation projects of the targeted
applications. Thus, in the first two sections of this chapter, four empirical studies are
introduced, that were conducted to identify the problems and opportunities that can be
addressed through the development of information systems utilizing Al. The final section
proposes a theoretical presentation of possible project management methodologies for
implementing software applications. Together, the sections of this chapter served as the starting
point for designing the information systems developed and presented in this work. The chapter
contributes to current knowledge through research conducted within the local insurance
industry, providing a systematic analysis of the perceptions of clients and the personnel of
existing economic operators.

The general objective of this chapter was to analyze the insurance industry at both
international and local levels to identify problems that can be addressed through the
development of information systems utilizing artificial intelligence. Within this chapter, two
secondary objectives derived from the aforementioned general objective were achieved. The
first secondary objective was to conduct at least one study using data from the health insurance
sector in Romania to identify opportunities for developing automated systems. To achieve this
objective, both a qualitative primary research based on in-depth interviews with managers from
insurance companies and public documents, as well as a quantitative primary research based
on a survey regarding potential users' perceptions of a conversational agent system within the
insurance system, were conducted. The second secondary objective achieved involved
conducting at least one study using data from the auto insurance sector in Romania to identify
opportunities for automation through Al technologies. In this regard, both a quantitative
primary research concerning the problems encountered by employees of insurance companies
and a quantitative primary research on the problems faced by insurance company clients, both
based on the questionnaire method, were carried out.

In terms of results, the investigations conducted illustrated that, regarding the structure
and participants in the health insurance segment, the research and development effort is most
appropriately directed towards developing an Al solution integrated with existing insurance
systems, without a new interface for interaction with the insurance company policyholders.
Regarding the auto insurance segment, an opportunity was identified to develop a solution that
would enable the streamlining of the relationship between insurance company representatives
and their clients through an automated system for processing claims in the event of a car
accident. Last but not least, chapter four introduced a series of management methodologies for
translating the research results into functional requirements and action plans for implementing
software solutions.
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Chapter 5 - Development and validation of the IT solution for
improving health insurance services

Chapter five, entitled "Development and validation of the IT solution for improving
health insurance services" presents the various aspects involved in the design, implementation,
and validation of the software solution developed for the health insurance sector. The chapter
begins by illustrating the functional requirements and architecture of the solution, which was
defined as a response to the problem of reducing insurance companies' costs through
automation.

Following this, the next section introduces the application that resulted from the
implementation process. The subsequent sections detail the methodology and results of the
testing and validation process for the application. Specifically, the final sections of the chapter
focus on the technical evaluation and economic validation of the developed application. Figure
5.1 illustrates a central component of the developed application.
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Figure 5.1. Interface for extracting text from documents attached by clients via OCR from the
developed health insurance application.

The system's capability to extract information from documents issued by clinics
demonstrates satisfactory performance. Additionally, the functionality of the system in
classifying the type of service consumed by a client based on the extracted information also
shows satisfactory performance. The five-year economic projection indicates that the
investment will be recovered after three years of use, with the results obtained demonstrating
the reliability and validity of the developed system. Furthermore, the chapter outlines potential
directions for improving the application, based on the results observed during implementation.

This illustrates the fulfillment of the specific objective, namely the implementation of
an Al system aimed at streamlining the health insurance management process for insurance
companies, by achieving three specific objectives: designing, developing, and evaluating the
system. Moreover, this chapter highlights the contributions of the present work to the
Romanian entrepreneurial environment, through the development of an innovative Al-based
system for optimizing processes in the health insurance sector, as well as its successful
implementation within a local insurance company.
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Chapter 6 - Development and validation of the IT solution for
improving auto insurance services

The sixth chapter, entitled "Development and validation of the IT solution for
improving auto insurance services” explores the design, implementation, and validation of the
software solution developed for the auto insurance sector. The first section of this chapter
details the functional requirements and architecture of the solution, which was designed to
address the challenge of reducing insurance companies' costs through automation.

The following section introduces the application that resulted from the implementation
process. Subsequent sections present the methodology and results of the testing and validation
processes for the system. Similar to the previous chapter, this section also covers the technical
evaluation and economic validation of the developed application. Figure 6.1 illustrates a central
component of the developed application.
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Figure 6.8. Screen for viewing and editing damages in the developed auto insurance application

To conclude, the system's capabilities for predicting vehicle prices based on their
characteristics and detecting vehicle damage from images are satisfactory. However, the Al
functionalities related to segmenting vehicle components from images and detecting the
vehicle’s model, make, and year of manufacture exhibit excellent performance. The system’s
user interface scores highly on usability, and the economic validation process suggests that the
developed solution can provide both direct benefits (e.g., reduction in operational costs) and
indirect benefits (e.g., increased customer satisfaction).

The results presented in this chapter demonstrate the reliability and validity of the
developed system and confirm the achievement of the specific objective of implementing an
Al system aimed at streamlining the management of auto insurance processes by insurance
companies. This was accomplished by meeting three specific objectives: designing,
developing, and evaluating the system.

In terms of contributions to the entrepreneurial and scientific communities, this chapter
highlights the development of an innovative Al system for optimizing processes in the auto
insurance sector. It also underscores the validation of the system with potential users, the
implementation of multiple AI models, and the publication of a new, annotated open-source
dataset to facilitate scientific experiments.
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Chapter 7 - Conclusions, contributions, and future research

In conclusion, the doctoral thesis detailed the research, design, development, and testing
of two Al-based solutions aimed at improving the management of insurance claims by
insurance companies. The first solution, already implemented within an insurance company,
enhances the management of health insurance claims. The second solution, validated by users,
is intended for managing auto insurance claims. Together, these software solutions demonstrate
the potential for Al to improve services in both auto and health insurance sectors.

The final chapter outlines the conclusions of the doctoral thesis, original technical and
economic contributions in relation to existing knowledge, and future research directions. It
presents the conclusions of each chapter, lists the contributions made, and discusses four
primary future research directions. A significant portion of these contributions has been
documented and communicated through a series of seven scientific publications, ensuring
broad dissemination of results and impact within the academic and professional communities.

During the research undertaken in order to write the present paper, a series of
contributions were generated, in terms of knowledge and economic results. The major
contributions are outlined in the list below.

e Analysis of Artificial Intelligence Technologies: Examination of Al technologies to
identify solutions that can address problems in the insurance industry.

e Evaluation of Academic and Commercial Al Efforts: Analysis of academic and
commercial efforts to implement Al within the insurance industry at an international
level.

e Research on Local Insurance Industry:Conducted research within the local insurance
industry to systematically analyze the perceptions of clients and staff of existing
economic operators.

e Development of an Innovative Al System for Health Insurance: Creation of an
innovative Al system designed to optimize processes in the health insurance sector.

e Successful Implementation of the Health Insurance System: Effective implementation
of the Al solution aimed at improving processes in the health insurance sector within a
local insurance company.

e Development and Validation of an Integrated AI System for Auto Insurance:
Development of an innovative integrated Al system for optimizing processes in the auto
insurance sector, with validation involving potential users.

e Implementation of Multiple AI Models: Deployment of multiple AI models tailored to
the local market in Romania for automatic image processing of vehicles and prediction
of repair costs in the event of an accident.

e Publication of a New Annotated Dataset: Release of a new open-source annotated
dataset to facilitate scientific experiments related to the use of Al for automatic image
processing.

Thus, the doctoral thesis not only made significant contributions to advancing
knowledge in the insurance field, but has also demonstrated its relevance and direct impact on
improving practices and economic efficiency within the insurance industry. These
contributions mark an important step toward a more informed and sustainable approach to
complex problems in the insurance sector, fostering innovation and continuous adaptation to
modern market demands.
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