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Abstract — This paper aims to present the efforts to
design and develop the analytical services of the CultlS
- a web-based platform for intelligent cultural content
management. The CultlS Analytical Module’s purpose
is to provide advanced statistical data and analysis for
the content usage and user interests in digital libraries
powered by CultlS. Based on some of the top rated open-
source solutions, the module provides both flexibility
and high performance in data loading, report
management and visualization. The paper discusses the
motivation for the development of the CultlS Analytical
Module, the selection of relevant technologies for the
development, some specifics of the design and the
implementation and some legal issues of data analytics.
The proposed solution aims to face the problems and fill
the gaps which exist in the current area of analytical
solutions and platforms.
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1. Introduction

The intelligent cultural content management
platform CultlS [1] is a complex web-based
environment for storing, managing and retrieving data
from the social sciences and humanities. This web-
based platform contains a rich set of technologies for
the purpose of maintaining and managing a wide
variety of digital cultural entities. Descriptive
cataloging, flexible storage, standard and complex
search and grouping in different intersections, virtual
interactive presentation of objects and collections, are
part of CultlS features and components. They have
been developed in response to the growing
expectations and functional needs of users of
museums, libraries and other cultural institutions
providing content from the historical and cultural
heritage. The functions and components of CultlS also
allow for flexible structuring and management of
metadata, data, and objects, as well as subject
indexing, intelligent data retrieval, collections
curation and development, etc. Digitized copies of
cultural and historical heritage objects of various types
(such as text, graphics, audio, video, 3D formats or
other media objects), and their corresponding
metadata, can be stored and managed by the basic
CultlS prototype.

As an infrastructure component of the Bulgarian
National Interdisciplinary Research e-Infrastructure
CLaDA-BG [2], part of the EU infrastructures
CLARIN and DARIAH, the CultlS platform supports
its mission to develop a technological national
infrastructure for resources and technologies in the
field of linguistic and cultural heritage.

Current implementations of CultlS are created in
accordance with the needs and requirements of the
National Library “lvan Vazov” in Plovdiv, the "Peyo
Yavorov" Regional Library - Burgas, the Central
Library of the Bulgarian Academy of Sciences, the
Encyclopaedia Slavica Sanctorum project, the Digital
Library "Virtual Encyclopedia of Bulgarian
Iconography”, etc. [3], [4], [5].
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This paper aims to present the efforts to design and
develop the analytical services (viz. Analytical
Module) of CultlIS platform. The “analytics” is used to
describe “statistical and mathematical data analysis
that clusters, segments, scores, and predicts what
scenarios are most likely to happen” [6]. Data
analytics and business analytics are processes where,
through the use of quantitative methods, the extraction
of meaning from data is achieved to make informed
decisions in various fields [7], [8], [9], [10], [11], [12].
Data science focuses on deriving meaning from
systematized data using algorithms, statistical models,
and computer programming, while business analytics
is more concerned with extracting meaningful insights
and visualizing data to facilitate the decision-making
process, but both, in their effectiveness, seek to
increase the quality and efficiency of decisions in a
variety of systems. Four methods of business analytics
can be identified as the main ones: Interpreting data
over time to identify trends and patterns (descriptive),
interpreting data over time to determine why
something did or did not happen (diagnostic), using
statistically analyzed data to predict future outcomes
(predictive), generating test scenarios and applying
other techniques to determine which actions will have
the best outcome in a given scenario (prescriptive).
Business analytics also includes data management,
data visualization, business intelligence, etc. [13],
[14], [15].

The benefits of using and providing analytical
services in the web-based platform for intelligent
cultural content management may include better user
insights, user personalization, improved operational
efficiency, improved performance, more effective
presentation of information, new opportunities for
dissemination of information, risk management, etc.,
as it is in other business areas [16], [17].

One of the modern computing methods that allows
users to easily and selectively extract and query data
to analyze it from different perspectives is OLAP
(Online Analytical Processing) [18], [19]. Following
the development of the standard database concept of
OLTP (Online Transaction Processing) as a term,
OLAP denotes a database technology that has been
optimized for querying and reporting, as opposed to
the processing transactions focus of OLTP. Used
exclusively for data extraction from analytical
repositories to support the decision-making process,
OLAP tools enable users to quickly perceive and
interpret the data and, as a consequence, to make fact-
based decisions [20]. Since its appearance in the 1990s
[21], the development of OLAP technological lines of
research and application have gone in two directions -
adapting OLAP to certain data formats and
hybridizing it with other techniques for specific
purposes [22].
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CultlS Analytical Module is an extension for the
CultlS platform, which aim is to provide advanced
statistical data and analysis for the content usage and
user interests in digital libraries powered by CultlS.
Based on some of the top rated open-source solutions,
the module provides both flexibility and high
performance in data loading, report management and
visualization.

The motivation of the development of the CultlS
Analytical Module is presented in section 2 of this
paper. The selection of relevant technologies for the
development of the CultlS Analytical Module is
discussed in section 3. Some specifics of the design
and the implementation are demonstrated in section 4.
Section 5 discusses legal issues of data analytics.
Some future directions in the CultlS Analytical
Module development are given in conclusion.

2. Motivation

Nowadays most of the analytical services available
on the web are very powerful, easy to set up, easy to
use, highly customizable and are perfect solution both
for specific and general-purpose analysis. However,
for some specific domains or report requirements,
such  solutions can be inconvenient for
implementation, use and maintenance. Also, the
complexity of such solutions can impact the
performance of the web platform being tracked.

Another issue may be the fact, that all data is stored
on third party servers, which usually is related to
privacy issues and concerns.

And finally, the most popular analytical solutions
on the web are just being blocked by default from most
of the privacy-oriented web browsers and web
extensions.

The CultlS analytical module tries to face all the
above-mentioned issues, trying to provide highly
customizable reporting, storing data on the same DL
server infrastructure making it as secure as the main
DL is. The module architecture guarantees zero
additional network loads and performance issues for
the end users, because the whole data collection
process is executed in a separate thread at the CultlS
back-end.

CultlS addresses data analysis challenges: Data
accessibility (adequate storage and maintenance of
data for use by less experienced data professionals and
analysts in humanitarian institutions); maintenance of
data quality (optimization of time, effort and resources
for proper maintenance and use of data); data security;
choosing the right tools for data analysis (meeting the
needs and infrastructure of the users), and in this way
CultlS provides the users of the system with the most
adequate solution for their needs.
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3. Selection of Relevant Technologies for
Analytical Services Implementation

As a part of the CultlS strategy to stick to open-
source technologies, the CultlS analytical module was
built using two open-source technologies — an online
analytical processing (OLAP) database and a data
visualization tool.

In order to achieve optimal performance, research
from a short-list of the most popular and high rated
technologies was executed and the following tools
were chosen:

» ClickHouse [23] is an open-source column-
oriented OLAP database that enables its users to
generate powerful analytics, using SQL queries, in
real-time. As of 2024 ClickHouse is rated as one of
the fastest and most powerful OLAP (online
analytical processing) databases [24].

e Superset [36] is a modern data exploration and data
visualization platform. Superset can replace or
augment proprietary business intelligence tools for
numerous teams. Superset integrates well with a
variety of data sources.

4. Design and Implementation

The CultlS core platform uses MongoDB as a main
database engine. Data in MongoDB is structured, but
its structure is usually very complicated, which makes
it hard to achieve good analytical performance. In
order to make data more analysis-friendly, non-
relational data and structures had to be “flattened”
using relational models.

The process of transferring data from the online
transaction processing (OLTP) database (MongoDB)
to the OLAP database is called an ETL (Extract,
Transform, Load) process.

A relational schema which includes the necessary
data from the OLTP DB is defined. A very common
high-performance solution using normalized data is to
use the so-called snowflake schema (Figure 1).
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Figure 1. Snowflake diagram of the proposed relational mode

The snowflake model is an extension of the star
schema model. Like its name suggests, its structure is
based on one main table (fact table), related to many
secondary tables (dimensions).
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In a snowflake model there is always more than
one level of nesting, unlike the star schema, where the
nesting level is always single.
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Analytical data logged by the CultlS platform is
stored in only one MongoDB collection. However, it
is not possible to map it to a single relational table,
because for some data events, like user searches, one
element of this collection may contain arrays of data,
related to the specific search criteria. So, the
minimalistic working solution was to split the log
collection into two relational tables, the main one (fact
table) — log and a dimension table — log_details,
containing all additional data in a key-value pair
manner. The typical structure of a log data row always
includes information about the date and time the event
was logged, user session id, type of event, objects
related to the event (if any), files related to the event,
user id related to the event (user personal data is
anonymized), etc. So, it is intuitive to build the other
part of the snowflake schema (the other dimensions),
in accordance with the above-mentioned relations.

The first try for executing the ETL process was by
using MongoDB as the main OLAP database. Data
loading of more than 4M rows of data took about ten
minutes, which is relatively good result for such
volume of data. However, building the main dataset
by joining all of the tables presented on the diagram,
showed extremely bad results and it was necessary to
switch to the ClickHouse analytical database. The
ETL process using ClickHouse was executed in less
than a minute. Joining all tables and visualizing data
now takes less than one second and this directly
contributes to the good performance of the data
visualization tool — Apache Superset [36].

4.1. Data Visualization — Diagrams and Reports for
Specific Digital Library

The following diagrams are small part from all
reports implemented for the digital library of Public
Library “Ivan Vazov” — Plovdiv. Reports are based on
data collected between 10.2022 (the official start of
the platform) and 11.2024.

User Activities
Search == View object
i

100k _

Update object

Visualization tools support decision-making
processes and improve information services in
libraries, are similar to other institutions [25].

All reports can be filtered by date, user roles,
languages, events, etc. Apache Superset allows one
filter to be applied at the same time for all charts
having the same dataset.

Therefore, the relational model and dataset is
structured in a way that all of the charts created for a
specific DL use the same dataset. Thus, the users who
view the reports will have a convenient and consistent
data filtering features.

Using data analysis, Public Library "lvan Vazov"
— Plovdiv will be able to obtain additional valuable
information about users’ behavior, usage patterns and
collection trends, leading to more efficient and
personalized services. This would help uncover
patterns and trends to inform decision-making
processes, identify areas for improvement and
reallocate resources accordingly. On this basis,
models could be developed to forecast demand,
recommend resources, and increase user satisfaction
and library functionality [26], [27]. W.ith the
increasing integration of digital technologies and the
effective use of measurement approaches, especially
data analytics, the value and impact of libraries in the
digital age is increased and the library itself is more
successfully included in the concept of "Library 4.0"
[28], [29].

Figure 2 shows the main user activities such as
searching, viewing, creating and updating object
during the last year. There were two peaks in 01.2024,
which were related to Google Search indexing
(Googlebot). It turned out that the current
implementation is not able to tell whether a request is
from a regular user or from a search engine crawler.
So, there will be a future enhancement in order to
discriminate bots from other users.

Create objec

@ @@ 19

av
2024
Mar

May -
Jul
Se
Nov

Figure 2. User activities over time
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Figure 3 is similar to Figure 2, but it shows in a It is convenient to see the direct relations and
clearer way the user requests distribution among days  outcomes between user activities in the DL and social
in a given period. network campaigns, physical or virtual events, feasts,

etc.
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Figure 3. Library usage by days (01.11.2023-31.10.2024)

One of the most important functional features in The chart on Figure 4 shows the most popular
the digital library of Public Library “lvan Vazov” is  phrases used in the full-text search feature.
the ability to search in the text documents, books,
periodicals, archives, etc.
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Figure 4. Most popular search phrases

Data on Figure 5 shows the most used metadata The selected row “$s.identification.author” shows
attributes for content searches. For example, the first the number of searches performed over the author
row, containing “$s.issue.year.>” means that 26300  attribute.
searches were made with the query “show me all
periodical issues issued after certain year”.

Search attributes &
Key Request count
$s.issue.yearz 26.3k
Ss.ssue.year.< 19.8k
Ss.issue.no 7.06k
Ss.identification.publishing.year.z 4.21k
Ss.issue.month.= 3.65k
Ss.identification.name 3.26k
Ss.identification.publishing.year.s 2.76k
Ss.identification.kind 1.99k
$s.identification.author 1.7k
$s.identification.publishing.place 1.45k
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Figure 5. Most used metadata search criteria
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5. Legal Issues

The issue of data security is important in the
development and implementation of online analytical
processing (OLAP) systems and data warehouses
[30], and CultlS strives to comply with all
requirements and trends in this area [31], [32], [33],
[34], [35].

Data for the analysis is collected by CultlS during
the consumption of APIs by the Ul. The whole data
collection process is aligned with the privacy and data
regulations available in the EU and worldwide.
Detailed privacy policy documents and technical
explanations are available for the users of the specific
digital libraries. User consent is taken into account
when applying data collection rules. All statistics
provided by the module are anonymous in terms of
user accounts and user data.

6. Conclusion

Current research in cultural heritage content
management systems is primarily focused on the
creation of large collections of multimedia resources
and regular tools for their indexing and retrieval.
However, these systems need to provide more than
advanced content maintenance and retrieval services.
They should support users in monitoring content,
acquiring knowledge, and better satisfying their needs,
interests and desires. This paper presents an extension
of the current functionality with content analytic
services. The main goal is to access implicit and hidden
data, content, rules and facts, dependencies and trends
valid for the content in the repository, to synthesize and
summarize the collected data to be used in various
research and learning.

The presented study contribution is related to the
creation of a robust architecture of a highly-
customizable analytical module based on validated
techniques and models by defining and implementing
efficient OLAP and ETL processes and the
integrations between the target components. The
proposed solution aims to face the problems and fill the
gaps which exist in the current area of analytical
solutions and platforms. As a result, an easy and
intuitive system is implemented which allows
researchers not to worry about the data retrieval and
data credibility, but to focus on the meaning of the data
and to examine it through different perspectives and
points of view. The paper presents the CultlS
Analytical Module, which is in a stage of development
and implementation in some of the current release of
CLaDA-BG digital libraries. So far, there are some
development challenges, for example, those related to
distinguishing a human from a bot, which are under
investigation.
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It was also found useful to provide analytics
according to geo-location, which is under design.
Another important part of the goal in the future is to
provide not only user-oriented analysis, but also to
implement object-centric analysis, closely related to
digital library objects, their metadata, indexed content,
dependencies, etc.
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