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1. Research background and motivation

The emergence of the internet and digital communication
technologies has revolutionized social interactions, giving rise
to virtual communities as new forms of social spaces. This
phenomenon presents both challenges and opportunities for the
social sciences, which have long studied the dynamics of
communities and intercultural interactions. As these modern
technologies become widespread, researchers equipped with
traditional methodological tools must adapt to the changing
environment and develop novel approaches to understand and
analyze the complex social processes unfolding within data-rich

virtual communities.

The evolution of virtual communities has opened new
opportunities for computer science and data science as well,
enabling the extraction of insights from data. Similar to social
science research, computer and data sciences face challenges
posed by the volume, heterogeneous structure, and sensitivity of
the data. Integrating innovative technologies into research
methodologies and handling data ethically are essential for
gaining valuable insights into the diversity of community

behavior and interactions in the digital age.



The traditional concept of human community implies the need
for personal connection and acquaintance, and thus, implicitly,
geographical proximity. This naturally limits the range of
communities an individual can access and the extent of their
possible participation. With the emergence of the internet and
the accessibility of communities formed on online platforms,
this constraint is now limited only by the amount of time a user
is able to devote. Numerous communities compete for the time
and attention of potential members, while various platforms

compete to host these communities.

What makes virtual communities particularly compelling
compared to traditional ones is that the behavior of members,
their relationships, and the trajectory of the community can be
observed from the position of a neutral observer, without the
researcher influencing the community through their presence.
Virtual communities operate in public view, and their
communication is recorded in the form of data, predominantly
in written form. This constitutes a vast repository of information,
enabling an unprecedented level of insight into individual and
collective behavior, the identity-shaping and norm-generating
power of communities, and the life paths of individuals within

the community — from joining to leaving the community.



To ensure the broad applicability of heterogeneous datasets, the
use of generalized data models is a common practice in data
modeling. This dissertation presents the development and
application of a data model based on the structural analysis of
virtual communities, designed to support comprehensive
analysis and understanding of such communities. This approach
enables researchers and decision-makers to access diverse
community data from various sources in a unified, easily

interpretable, and processable format.

The research places particular emphasis on user behavior and its
changes throughout the community lifecycle, which is crucial to
understanding why users leave virtual communities. In
developing the model, I conduct a comprehensive examination
of the dynamics of the individual, the community, and society —
as well as their virtual counterparts — with special attention given

to high-reach social platforms.



2. Methodology

The methodological foundation of the research is based on the
design science approach, which combines elements of scientific
inquiry and practical problem-solving. The aim of this
methodology is to create artifacts — specifically, a unified data
model and an ETL process description — that can effectively
handle data from virtual communities and support their analysis.
Design science allows for the continuous refinement of the
problem space and the iterative development of proposed
solutions, while rigorous evaluation mechanisms ensure the
validity of the results. The research process closely followed the
Hevner framework, which emphasizes a balance between

relevance, rigor, and evaluation.

The first step of the process was the identification of the research
problem and the definition of relevant objectives. This was
accompanied by an extensive review of the literature and an
examination of the data structures of various virtual community
platforms. Key considerations in defining the problem space
included the challenges of integrating heterogeneous data
sources, accessibility constraints, and the alignment of differing
analytical methodologies. The aim of the research is to develop

a generalized data model capable of handling data generated by



various platforms and supporting the analysis of community

interactions and behavioral patterns.

An iterative approach was applied throughout the research. Each
iteration began with the refinement of a specific problem area,
followed by the development of possible solutions, the creation
of a prototype, and its evaluation. Based on the feedback
received, the model was continuously refined, taking into
account practical implementation aspects and the specific
characteristics of various platforms. Over the course of the
iterations, the structure of the data model evolved in multiple
stages — from the conceptual model to the logical model, and

finally to the physical data model.

Another key pillar of the methodological framework was the
case study approach, through which the developed model and
process were tested using real data from a specific community
platform. The case study method proved particularly suitable for
the in-depth examination of the complex phenomena of virtual
communities, as it enabled the exploration of causal
relationships and detailed contextual analysis. Both single-case
and longitudinal case studies were employed: the former
assessed the model’s applicability on individual platforms, while

the latter examined temporal changes in community dynamics.



The third methodological component of the research was the
application of the CRISP-DM data mining process model. This
framework structured the data processing and analysis steps of
the research — from problem understanding through data
preparation and modeling to evaluation and deployment.
CRISP-DM provided a flexible structure that ensured data from
various sources underwent a unified analytical process, while
also allowing for continuous iterative feedback throughout the

workflow.

A central element of the methodology was the creation of a
unified data model. The model was built around three main
entities — User, Context, and Content — interconnected through
the interactions and relationships between them. It was capable
of integrating various types of data, regardless of the specific
characteristics of the source platform. During development, the
strengths and weaknesses of existing data models were taken
into account, as well as analytical requirements, with particular
focus on examining community dynamics, user life cycles, and

attrition.

The design of the data model was carried out in multiple stages.
The process began with the identification of data requirements,

which included the analysis and comparison of conceptual data



models from various platforms. This was followed by the first
and second iterations of the unified conceptual data model,
which gradually integrated elements from different systems.
During the development of the logical data model, the
refinement of entities and relationships, along with the
consideration of normalization principles, ensured consistent
and efficient data representation. The physical data model was
aligned with the concrete implementation and the design of ETL

(Extract-Transform-Load) processes.

In the evaluation phase, the functionality and practical utility of
the model were demonstrated using a dataset spanning 21 years
from Simple English Wikipedia. This platform provided an ideal
test environment for the model, as it features complex
community interactions and long-term dynamics. During the
analysis, metrics were applied to measure user activity, the

evolution of the social network, and community stability.

The chosen methodological framework offers the advantage of
ensuring both scientific rigor and practical applicability. The
combined use of design science, case study, and CRISP-DM
made it possible for the research findings to be valuable to both
the academic community and practical users. The overall

structure of the dissertation is presented in Figure 1.
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Figure 1: Methodological framework and structure of the dissertation



3. Main findings of the dissertation

The main scientific contributions of the research can be

summarized in the following points.

3.1 Design science-based research framework and evaluation

The research covers the full cycle of DSR. Leveraging the
flexibility of the framework, the demonstration of the results is
supported by a custom methodology built on a metadata
repository design standard, as well as case study and CRISP-
DM-based approaches.

3.2 Extensive literature review on two levels

Grounded in both social science and data science, the research
builds on a dual theoretical foundation to present the theoretical
background of virtual communities, including role and lifecycle
models (e.g., Rheingold, Plant, Golder & Donath, Preece &
Shneiderman, Iriberri & Leroy), and integrates these into its own
research objectives. It provides a detailed overview of the
challenges and opportunities related to virtual communities as

data sources.

A set of 20 publications focusing on virtual communities is

analyzed, selected to maximize variation; the results are



structured by methods and metrics, including time-based,

content-based, and network-based approaches.

3.3 Unified data model for virtual communities (conceptual—
logical-physical levels)

By constructing and metamodeling the conceptual data models
of five different types of platforms (social media, news feed,
forum, project management, version control), the research
established a foundation for comparative analysis across distinct

community environments.

Through the generalization of data structures, an interoperable,
platform-independent schema was developed that captures the
key entities and relationship structures of diverse community

systems.

3.4 EAV-based attribute management and temporal storage

schema

The flexible structure, which also supports the time dimension,
enables the management of heterogeneous community attributes
(e.g., changes in wuser status) even within a relational

environment.
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3.5 Design and implementation of a reusable ETL process

Python-based preprocessing and a loading process built on

Microsoft SQL Server.

The ETL steps cover data extraction, transformation (including
cleaning, type handling, and missing data imputation), and
loading.

3.6 Demonstration with real-world data (Simple English
Wikipedia)

Demonstration of the model’s applicability to structurally

diverse virtual communities, proving that the generalized model

can be successfully applied across varying platforms.

The demonstration involved exploratory data analyses on
editorial activity, user roles, context shifts, and life trajectories.
3.7 Reusable and well-documented dataset for research purposes
The created dataset is accessible, documented, and reusable for

other research projects.

The documentation supports both reproducibility and

repeatability.

3.8 Empirical insights derived from the Wikipedia community

The dataset generated during the demonstration was used for real

research based on nearly two decades of events within an
11



existing community. The study shows that editing activity
follows a highly skewed distribution (“long tail”’), meaning that
user life trajectories within the community tend to concentrate

around an active core spanning multiple context types.
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