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The habilitation thesis with the title “Agent-based Modelling and Grey Systems Theory 

in Economic Research” includes an overview of the main results achieved by Assoc. Prof. 

Camelia Delcea in the scientific research and didactic activity carried out after the defence of 

the PhD thesis with the title “Modelling and predicting  the “diseases" of companies using the 

concepts and methods of multiagent systems” and highlights the future career development 

directions. 

The thesis focuses on the achievements attesting the author's ability to coordinate 

scientific research in the field of Cybernetics and Economic Statistics. In this context, the 

scientific achievements are presented in close connection with the current state of research in 

the field, with emphasis on applications using agent-based modelling and grey systems theory. 

The thesis is structured in three parts. The first part presents the evolution of the career 

in terms of academic and professional achievements, during the period that followed the 

defence of the PhD thesis in 2011. In this period, the author has published as either single author 

or co-author 8 books at recognized publishing houses (2 of which were written in collaboration 

with Professor Sifeng Liu, one of the most prominent figures in the field of grey systems 

theory), 11 book chapters published by Springer, 28 articles published in ISI-indexed scientific 

journals (20 of them having an impact factor greater than 0), 30 articles presented at conferences 

organized in her home country and abroad, has served as guest editor for 2 journals abroad, has 

performed 315 reviews for national and foreign journals and conferences, has been invited to 

give 4 keynote speeches at grey systems conferences on topics dealing with grey systems theory 

and agent-based modelling, has received 16 awards for her scientific, reviewing and teaching 

activity. From the point of view of the scientometric indicators, her publications have been cited 

468 times (367 citations in the last 5 years), while the h-index and the i10-index are 14 and 18 

respectively. 

The second part of the habilitation thesis presents a synthesis of the main scientific 

achievements in the field of agent-based modelling and grey systems theory. This part consists 

of five chapters. Each chapter presents publications of a rather heterogeneous character and 

starts with an introductory part, underlining the necessity of the research, followed by a central 

part, composed of one or two different applications that focus on the research results, and ends 

with a part dedicated to the conclusions. 

The first chapter discusses the importance of agent-based modelling and grey systems 

theory in economic applications and performs a critical analysis of the scientific publications 

in the two areas. In the case of agent-based modelling, the main advantages of this type of 

modelling are emphasized, when compared to classical modelling methods based on equations, 

by discussing a series of aspects related to the modelling approach, its degree of understanding 

by people not involved in the modelling process, the level of heterogeneity of the elements 

involved in the modelling process, the level of knowledge of the model designer, the type of 

approach to the phenomenon, the causality, etc. Within the same chapter, some elements 

belonging to the grey systems theory are also presented, most of which are central points of the 

invited keynote speech entitled “Not Black. Not even White. Definitively Grey Economic 

Systems”, which the author of the thesis has held in 2013, at the IEEE International Conference 

on Grey Systems and Intelligent Services, conference included in ISI Web of Science. It is thus 

shown that we live in a "grey" world, where greater attention must be paid to the sources of 

uncertainty and their impact on the obtained results. 



Chapters 2 - 5 present how agent-based modelling has been used in the author's research to 

investigate and improve various economic aspects, such as how the airplane boarding process 

using one or two doors can be modelled and made more efficient, improving classroom and 

elevated lecture hall evacuation times and modelling consumer behaviour with regard to the use 

of "environmentally-friendly" products. 

Thus, Chapter 2 presents the main airplane boarding methods in the scientific literature, 

with the goal of testing them under the same conditions and analysing which ones require a 

shorter boarding time. To this end, an agent-based model is created in NetLogo and simulated 

by varying different parameters. Starting from the simulation results, a hierarchy of the 

boarding methods has been established by testing them under the same conditions. An analysis 

of the influence that the various seat and aisle interferences that might occur between the 

passengers have on the boarding duration has also been performed. Based on the simulations, 

it has been observed that the method that generates the shortest boarding time has good boarding 

rules (ex: "back to front") and a higher number of parallel seat and aisle interferences. Thus, an 

important result is that when it comes to proposing a new boarding method, consideration 

should be given to using the "back-to-front" rule together with the possibility of having 

simultaneous parallel seat and aisle interference in different areas of the aircraft. Using the grey 

systems theory, it was found that the number of people who bring a cabin baggage into the 

cabin of the plane and need time to place it in the top compartment is a determinant factor of 

the increase in boarding time, followed by the occupancy rate of the plane, the size of the 

airplane and the number of people with hand luggage that does not need to be stored in the 

overhead compartment. 

The results obtained in Chapter 2 are used in Chapter 3, where 14 new boarding methods 

for boarding two-door airplanes are proposed. It was found that the two-door "back-to-front" 

method improves the boarding time by 8.91% compared to the classic boarding method. 

Furthermore, the other 13 proposed methods, based on the "back-to-front" and "reversed-

pyramid" approaches, reduce boarding time with a percent between 5.6% and 36.6% compared 

to the first proposed "back-to-front" method. Given the number of flights at European airports 

where transfer buses are largely used and predictions of the increasing trend in their usage, cost 

savings by using better boarding methods are considerable, while the effort for the airline to 

divide the passengers in two groups before embarking on transfer buses are moderate. 

Chapter 4 uses agent-based modelling to determine how desks should be placed in a 

classroom with two exits, as well as in a lecture hall with inclined floor and two exits. To create 

the agent-based model, a number of properties have been attributed to agents so that they behave 

as close as possible to people in a real evacuation situation. The different properties of the 

agents are configurable, allowing the model to be adapted to different categories of people that 

might be involved in an evacuation process (e.g., people of different ages or with different 

physical conditions). For the situation of elevated lecture halls, a case study has been carried 

out and a series of data has been extracted about the profile of the analysed persons and the 

decision they made in the evacuation process regarding the selection of one of the exits. Based 

on the simulations, the configuration of the desks and chairs that provides the shortest 

evacuation time has been determined for the two types of analysed rooms. 

Chapter 5 describes how agent-based modelling can be used to capture the behaviour of 

different economic decision-makers when faced with a particular situation, such as the decision 

to purchase "environment-friendly" products and which is the influence of their "friends" on 



online social networks on their decision. In order to extract information about this influence 

both through conversations with online "friends" and through the frequency of exposure to 

advertisements regarding the environmental benefits of using such products, a questionnaire 

has been created and validated using SPSS AMOS 22.0.0. A number of validation criteria were 

used and as a result, the questionnaire was validated in terms of uni-dimensionality, feasibility, 

convergent validity and similarity. The model was used to simulate various scenarios related to 

consumer exposure to advertisements and discussions in the online environment. A sensitivity 

analysis has been carried out showing the importance of online exposure to the two 

environmentally friendly products that have been taken into account: regular goods and durable 

goods. The results have shown that an increase in exposure to online social networks can have 

a positive impact on the adoption of organic products. In both cases (both for regular and 

durable goods), by doubling exposure to online social media ads, the adoption time dropped by 

more than 37%. Some of the results of this chapter are based on the research carried out during 

postdoctoral studies in the period 2014-2015, within the project POSDRU/159/1.5/S/138907- 

"Excellence in scientific, interdisciplinary, doctoral and postdoctoral research in the Economic, 

Social and Medical fields - EXCELIS", implemented by the Bucharest University of Economic 

Studies. Based on these researches, it has been concluded that online social networks can 

influence consumer behaviour in the purchase of products / services and their image of 

companies, as companies' social networking pages play an important role in shaping social 

media users’ opinions. Businesses can benefit from this through awareness and effort in 

owning, maintaining, and building an online social community around the promoted brand, that 

facilitates consumer access to information and engages them in active participation in creating 

content on these pages and distributing it in their own online networks. 

The third part of the habilitation thesis includes the academic, scientific and professional 

career development plan and addresses three directions: teaching activity, research activity and 

correlation of the research activity with the teaching activity. The research-development-

innovation activities will be pursued through an interdisciplinary approach of the Cybernetics 

and Economic Statistics field with the objective of further improving the use of agent-based 

modelling and grey systems theory in economic applications and enhancing partnerships with 

universities and researchers with interests in these areas. On the teaching direction, the aim is 

to increase the quality of the teaching activities, to develop new undergraduate and master 

courses, while improving current ones, to encourage students to continue and complete their 

studies through access to masters, doctoral programs and / or internships mobility and to inspire 

and encourage them to participate in scientific events: symposiums, conferences, research 

circles and scientific communication sessions 

The habilitation thesis ends with the bibliography and annexes. 


