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Introduction

The representation of bibliographic data on the web has developed significantly recently, with linked data as a tool to build the
semantic web, through techniques like RDF and URI allowing machines to understand relationships between entities (Wood et
al., 2014) 71, This approach confirms Berners-Lee's (2000, 2006) [* & vision of structured knowledge. Since 2023, institutions
such as the Library of Congress and OCLC have accelerated efforts to enhance bibliographic records with linked identifiers from
Wikidata, WorldCat Entities, and to use generative Al to extract entities and accurately identify topics (Library of Congress,
2025; OCLC, 2025a) [2% 351, Despite this progress, many Arab libraries depend traditional systems likeas MARCs, limiting their
ability to adopt smart indexing and semantic linkage, and highlighting the need for applied studies to study leverage Linked Data
for improving automated indexing and retrieval services in the Arab context.

First: The Problem of the Study

Although there is a global expansion of Linked Data adoption and the success of institutions including the Library of Congress
and OCLC in improving indexing and semantic discovery by standards like the WorldCat Entities and BIBFRAMES, Arabic
libraries still use traditional systems with no semantic integration and the use of artificial intelligence. The literature shows the
scarcity of applied studies in this field in the Arab world, which highlights the need for an analytical and field study that proposes
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a practical model that keeps pace with these technological

transformations.

In light of the above, the study seeks to answer the following

guestions:

1. How do interconnected data technologies improve the
accuracy and efficiency of automated indexing in
national and academic libraries?

2. What are the main technical and organizational
challenges facing libraries in publishing bibliographic
data in a coherent format?

3. What is the impact of integrating interrelated data with
generative Al technologies on the development of
subject assignment and entity extraction processes
within automated indexing?

How can bibliographic linkage to open global sources such
as Wikidata and WorldCat Entities be enhanced to improve
the quality of retrieval and search services?

Second: The Importance of the Study

This study is important as one of the first applied Arab efforts
to investigate the integration of linked data with semantic
automated indexing, in light of a clear research gap in the
Arabic literature (Abdulhay, 2023) [, It also keeps pace with
global trends led by institutions such as OCLC and the
Library of Congress (Coyle, 2016; OCLC Research, 2025) [*
%1, The study highlights the importance of generative Al in
cataloguing automation and improving the quality of
bibliographic processing (Kulkanjanapiban et al., 2025;
Mwantimwa & Msoffe, 2025) 38 31, This quality provides a
flexible practical framework to support digital transformation
in Arab libraries without the need for a radical restructuring.
It contributes to enhancing the linking of Arabic content to
open global resources, enhancing its presence within the
semantic web, and supporting the Sustainable Development
Goals related to education and knowledge access.

Third: Objectives of the Study

This study aims to explore the role of Linked Data in the

development of semantic automated indexing within Arab

national and academic libraries, by proposing an applied
framework. This framework combines semantic web
standards such as BIBFRAME RDF, and generative artificial
intelligence capabilities, in order to keep pace with global
technological transformations and respond to the needs of the

Arab environment, and seeks to achieve this through the

following sub-objectives:

1. Analyzing the impact of Linked Data on improving the
accuracy and efficiency of automated indexing.

2. ldentifying appropriate criteria and semantic vocabulary
(e.g. RDF, SKOS, BIBFRAME, Wikidata.

3. lIdentify the technical, organizational, and human
challenges that hinder the adoption of interconnected
data.

4. Evaluate the effectiveness of integrating generative Al
into entity extraction and topic assignment tasks.

5. Studying the opportunities to link Arabic bibliographic
records to global sources such as Wikidata, WorldCat
Entities.

6. Proposing a hybrid application framework that supports
the gradual transition towards intelligent indexing based
on Linked Data, Al.
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These objectives contribute to supporting the knowledge and
digital transformation of Arab libraries in accordance with
the latest technological trends.

Fourth: Limits of Study

1. Thematically: employing Linked Data in semantic
automated indexing, using criteria such as RDF, SKOS,
BIBFRAME, Wikidata, WorldCat Entities, and
incorporating generative Al into entity extraction and
subject assignment.

2. Spatially: applying it to four Arab libraries that
represent a different geographical diversity and level of
digitization: Qatar National Library, Bibliotheca
Alexandrina, Iragi Books and Documents House, and
King Fahd National Library.

3. Temporarily: Covering the period up to 2025, with a
focus on data for 2023-2025.

4. Human: relying on documentary analysis and case
studies without direct intervention, leveraging open-
source tools and experiences, taking into account the
constraints of institutional approvals.

Fifth: Study Methodology

The study uses the descriptive-analytical approach, supported

by multiple case studies, for understanding the application of

Linked Data in automated indexing within Arab national and

academic libraries, and for the analysis of its impact and the

challenges.

= Methodology rationale characterizes the current
situation, analyzes the integration of Linked Data with
Generative Al, and identifies challenges, for building a
practical framework.

= Four Arab libraries representing geographic diversity
and digital level were used: Qatar National Library,
Bibliotheca Alexandrina, Iragi Books and Documents
House, and King Fahd National Library.

= Data collection tools include analysis of official
documents and reports, case studies based on specific
themes, and simulation experiments by open-source
tools to test semantic relevance.

= The study compares analytical description, for
identifying the opportunities and challenges of Linked
Data, and proposing a hybrid application framework for
smart  indexing, with  recommendations  for
infrastructure, policy, and training.

Theoretical Framework

First: Previous Studies

According to recent studies, Linked Data were studied from
multiple angles. Wang & Yang (2018) % simplify their
concepts for librarians, showing the challenges of shifting
from MARC to BIBFRAME, and recommending that Linked
Data as a strategic option.
Ullah et al. (2018) 8 introduced a systematic review
showing the rising prevalence of Linked Open Data globally,
which shows the importance of open vocabulary and the
integration of user-generated content. In the Arab context,
Shehata (2019) [ focused on the potential of Linked Data in
the development of indexes and semantic retrieval, as a
qualitative leap from traditional models. Yet, Ahmed (2022)
Bl analyzed experiences of European Libraries in Publishing
National Bibliographies using Linked Data, noting the
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variation in the level of adoption. McKenna et al. (2022) [?7]
proposed the NAISC-L framework to enhance semantic
connectivity in memory institutions, and demonstrated its
impact on improving query and discovery. Abdulhay (2023)
[ focused on the integrability of Linked Data in Arabic
libraries, emphasizing the importance of RDF/ XML formats.
Finally, Ismail and Ismail (2024) ! discussed the integration
of RDA with Linked Data to support the transition to
BIBFRAME, and recommended the adoption of a systematic
integration of indexing development within the semantic web
environment

www.ComputationalEngineeringJournal.com

Commenting on Previous Studies

Previous studies have shown a diversity of approaches on the
topic of linked data between theoretical proposals and
international experiences.Yet, they have lacked Arab applied
studies that address its integration into actual indexing
environments. The literature has also not paid sufficient
attention to the integration of linked data with generative Al.
The present study seeks to bridge this gap by analyzing the
reality of four Arab libraries and presenting a hybrid applied
model that suits the Arab context.

Table 1: Comparative Summary of Previous Studies

Study Obijective Curriculum Key findings The Gap
1 Wang & Yang| Simplify Linked Data Descriptive analvtical Explanation of RDF and BIBFRAME, Absence of the
(2018) Concepts P y Review of Library of Congress Experiences practical aspect
Ullah et al. . . . . Avrab libraries did not
2 (2018) LOD App Review Literature Analysis | Confirmed global reach and the role of LOV address

Highlight the role of

3 [Shehata (2019) Linked Data in indexes

Descriptive analytical |Highlighted the potential of semantic linkage

Theoretical character
without application

Evaluation of European Checklist and

4 | Ahmed (2022)

Linked Data Improved display quality and | Confined to European

Data

Bibliographic Experiments |Comparative Analysis linkage libraries
5 McKenna et al. Development of the Multi-tool demo Effective in improving interconnection and Without Arab or
(2022) NAISC-L Framework querying realistic coverage
6 Abdelhay Linked Data in the Arab |Descriptive-analytical Focus on the Library of Congress and Lack of simulation
(2023) world comparative Recommendations for the Arab Environment models
. Study the relationshi - .
7 'S”."a" & betwee);] RDA and Linlged Critical Analysis Advocated systematic con_solldatlon in No operational tests
Ismail (2024) support of indexing

Source: Prepared by the researcher in light of previous studies

Research Gap and Current Study Direction

Although the literature on linked data is big, most of its focus
is on theoretical presentation with no applied experiences, in
particular in Arab environments. It has not addressed
integrating Linked Data with Generative Al in automated
indexing with a lack of hybrid models supporting automation
and improve semantic connectivity. This study aims at
bridging this gap by the analysis of four Arab libraries and
designing an integrated applied model to evaluate the
infrastructure and provide practical recommendations for
phased implementation.

Second: Linked Data: Towards a Semantic Web
Cognitive Structure in Office Environments

Linked data is a technical foundation of the semantic web, as
it allows the linking of entities and concepts by techniques
like RDF SPARQL and URIs, enabling automated processing
and effective semantic discovery of data (Berners-Lee, 2006;
Wood et al., 2014) [ 51 Initiatives like BIBFRAME and
Schema.org, with support from organizations like the W3C
and DCMI, have introduced these concepts into office
environments (Tharani, 2015; Jin et al., 2016) 1% 20,
Although Linked Data are clear, libraries still have technical
and cognitive difficulties when applying ti (Banerjee, 2017)
1. Hybrid models, integrating semantic browsing with
dynamic querying, are a practical solution promoting data
linkage and the transformation of indexes into interconnected
knowledge networks supporting smarter and more integrated
libraries. (Abdelhay, 2023; Coyle, 2016) [ 11,

Third: Automated Indexing in Digital Libraries: The
Shift from MARC to Artificial Intelligence

Automated indexing has seen a shift from traditional MARC
formats to flexible semantic models based on Linked Data
(BIBFRAME), which is based on RDF to represent

relationships between entities, as in the Library of Congress
experiment (Library of Congress, 2025) 231, Modern indexing
is based on automatic federative enrichment of federated
identifiers, semantic querying using SPARQL, and entity
recognition algorithms. Generative Al has contributed to
supporting entity extraction, identifier generation, and
MARC conversion to RDF (Ma et al., 2024) However, Arab
libraries face challenges related to continued reliance on
MARC, weak technical skills, and limited support for the
Arabic language. International practices point to the
feasibility of a hybrid model that combines MARC,
BIBFRAME and leverages Al tools, with data dissemination
as Linked Open Data (OCLC, 2025) [,

Study Results and Analysis

First: The Reality of Using Linked Data in the Four

Libraries

To answer the first of the research questions — i.e. how do

interconnected data technologies contribute to improving the

accuracy and efficiency of automated indexing in national
and academic libraries? — The results of the study, derived
from the reports of OCLC and the International Federation of

Library and Archive Institutions (IFLA, 2025), showed a

significant disparity in the levels of adoption of Linked Data

technologies among the four selected libraries. The overall

average of adoption was 35% SD = 26.46%, reflecting a

structural gap compared to global libraries, where adoption

in institutions such as the Library of Congress reaches more

than 80% (OCLC, 2025).

e Qatar National Library (QNL) recorded the highest
adoption (70%), supported by an early agreement with
Zepheira to implement BIBFRAME, linking records to
sources such as Wikidata WorldCat Entities via
standardized URIs, despite challenges related to the
shortage of specialized staff in the RDF (Zepheira, 2018;

17|Page


http://www.computationalengineeringjournal.com/

[ international Journal of Engineering and Computational Applications

n.d IFLA).

e The Bibliotheca Alexandrina (BA) has reached 40%
adoption, relying on partial RDF and Dublin Core data
representation in the Digital Asset Repository (DAR),
supported by companies with IFLA to enable SPARQL
queries, but Arabic language support remains a major
constraint (Adly, 2009/2025).

e lragi Library House (INLA) is only 10% adopted, as a
result of previous destruction and lack of funding,

www.ComputationalEngineeringJournal.com

despite collaborative digitization efforts with the British
Library to link 10,000 manuscripts to VIAF identifiers
(AP News, 2025)

¢ King Fahd National Library (KFNL) has partially

adopted technology (20%) in legal filings, using
Schema.org to enhance accessibility, with weak
international connectivity compared to global standards
(ICESCO, 2025).

Table 2: Comparative Summary of the Reality of Adoption in the Four Libraries (2025)

Adoption Level

Library (Approximate Percentage)

Main Criteria Used

Major progress in 2025 | Outstanding Challenges

Qatar National Library High (70%)

BIBFRAME:« RDF«
Wikidata

Integration with QDL, OCLC | Shortage of local cadres

Bibliotheca

i 0
Alexandrina Medium (40%)

RDF, Dublin Core

IFLA Partnership for

SPARQL Arabic Language Support

Iragi Book House Low (10%)

Dublin Core, VIAF

Digitized by 10,000

- Destruction and funding
manuscripts

King Fahd Library Low (20%)

MARC with partial URIs

Limited International
Connectivity

Schema.org in Deposit

The researcher used OCLC, IFLA and official reports to prepare the data in the table.

library reports (2025).

Library

Arab Libraries 2025 - Linked Data Adoption

(%) Adoption Rate

Fig 1: Levels of Linked Data Adoption in the Four Arab Libraries (2025)

Statistical Analysis

The study calculated descriptive and inferential statistics by
Python software (numpy scipy) for ensuring accuracy, based
on adoption data (X: (70, 40, 10, 20)%) and the strength of
national insights Y: scale 1-10, (9.2, 7.1, 2.8, 4.5). Then, the
the conversion of the classification contributes to gain a score
(e.g., top 20 = +9), with an adjustment to the Arabic library
context. The primary sources are the official 2025 reports
(IMD, 2025; UN, 2024; IFLA, 2025)

Total Average Adoption

S Xi _ 70+40+10+20
n 4

=35%

7:

This average reflects regional variability, representing a low
mean level that requires strategic interventions

Standard Deviation (SD)

SD — Z(x—x4) —
\] n—1

J(70—35)2+(40—35)2+(10—35)2+(20—35)Z = V700 = 26,4

4-1

High standard deviation shows data fragmentation degrees,
which highlights the need for standardized policies to reduce
variability.

18|Page


http://www.computationalengineeringjournal.com/

[ international Journal of Engineering and Computational Applications

www.ComputationalEngineeringJournal.com

Pearson correlation coefficient (r) Correlation between adoption ratio (X) and national vision strength (Y):

Table 3: Basic Data of Statistical Accounts

Library X (Adopted) Y (Vision) XY X2 Y?
Qatar 70 9.2 644 4900 84.64
Alexandria 40 7.1 284 1600 50.41
Irag 10 2.8 28 100 7.84
Saudi Arabia 20 4.5 90 400 20.25
> 140 23.6 1046 7000 163.14
This table is prepared by the researcher with The high correlation coefficient (r = 0.97, p = 0.018) is strong
Numpy/Scipy (2025) between using Linked Data and the strength of the national
vision, explaining 96.4% of the variance. The equation shows
r= nEXY)-ENEy) = each point in the vision matchin an increase of approximately
VInEy)-CEr)>nEx)-E0"] 9.5% in adoption. So, institutional support and funding in
4(1046)—(140)%(23,6) 880 880

promoting digital transformation are important, as in the case

Vg[;(163'14)_(23’6) A7000)~(140F]  V9R.6xBI00 896,12 of Qatar Library. The study recommends the using a hybrid
’ framework combining a BIBFRAME. SPARQL and
Generative Al to Raise Adoption to 60% by 2030.
Technincal Support
100
% 80%
80%  75% 75%
70%
m Sierra
400 or
Koha
200
0
Qatar  Alexandria Iraq King Fahd
Libraris
Fig 2

Second: Analysis of the current indexing systems in the
four libraries: relying on Koha, Millennium, Symphony,
Horizon, and others
The study answers the second question of the research
question (What are the most prominent technical and
organizational challenges facing libraries in publishing
bibliographic data in a coherent format?). The results of the
study revealed a wide reliance on traditional systems such as
Millennium MARC, with varying adoption of flexible
systems that support automated indexing and interconnected
data. It was found that:
= Qatar National Library adopts Millennium for 60% of
records, with a gradual transition to Sierra that partially

supports BIBFRAME, but faces challenges related to
cost and Al support (Zepheira, 2018).

= The Bibliotheca Alexandrina uses an internal DAR
system, and partially supports RDF, but lacks global
scalability and integration (Adly, 2025).

= lragi Library relies on open-source Koha after the
restructuring, and shows flexibility in RDF support via
plugins, but lacks technical support (Arsheef, 2025).

= King Fahd National Library uses Millennium without
real integration with Linked Data, and international
connectivity remains weak despite support for
(my.gov.sa, 2025) URIs

19|Page


http://www.computationalengineeringjournal.com/

International Journal of Engineering and Computational Applications

www.ComputationalEngineeringJournal.com

Table 4: Comparative: Summary of Current Indexing Systems and Their Support for Automated Indexing (2025)

Librar Main Using Automated indexing support | Integration with Kev Challenges
y System |Koha/Millennium/Symphony/Horizon| (approximate resolution) Linked Data y 9
Qatar National|Millennium . . 70-80% (MARC + Primary Partial
Library /Sierra Millennium (Yes), Others (No) URIs) (BIBFRAME) Upgrade Cost
Bibliotheca | Custom O : Partial RDF | Limited in-house
Alexandrina DAR no 70%Digitization + Dublin Core Primary development
Iragi Book Koha Open Koha (yes), others (no) 80% (Zebra + plugins) Good Custom RDF Lack of technical
House support
. - - Weak
Klr]g Fahd Millennium Millennium (Yes), Others (No) 75% (MARC + VIAF) Limited Primary international
Library URIs g
connectivity

The table is prepared by the researcher based on Library
Technology Guides, OCLC Reports, and Official Library
Resources (2025).

In conclusion, the study confirms that the success of the shift
towards smart indexing depends only on the modernization
of systems. It also depends on the integration of the national
vision with modern technologies, in order to ensure the
building of an integrated Arab knowledge structure in the era
of the semantic web.

Third: Hands-on Experience: Converting MARC
Records to BIBFRAME and Enriching Wikidata with
Artificial Intelligence

The study answers the third research question (What is the
impact of integrating data related to generative Al
technologies on the development of subject assignment and
entity extraction processes within automated indexing?). It
conducted a simulated practical experiment on a sample of
100 randomly selected MARC records from the four library
groups (25 records from each library, focusing on Arabic
materials such as historical and literary books). Emphasis was
placed on a typical Arabic book as an illustrative example:
The Days by Taha Hussein (Arabic title, Egyptian author,
published in 1929, ISBN: 9789770170000). The raw data
were in MARC XML format, derived from open sources such

as WorldCat and study libraries. Open-source tools were used
to ensure compatibility with the Arabic context, while
incorporating generative Al to extract entities and enrich
data.

Hands-on Steps: Convert MARC to BIBFRAME and
Enrich Records with Al and Wikidata

The study performs a simulation experiment on 100 MARC
records from four Arabic libraries, by open-source tools
(marc2bibframe2, Wikidata API) and generative Al models
(LSTM, ArabianGPT), to test the effect of converting records
to BIBFRAME with automatic semantic enrichment. The
results showed an improvement in the accuracy of entity
extraction from 70% to 87%, an increase in semantic links
from 5 to 25 links/records, and a 97% reduction in processing
time, with stronger support for the Arabic language through
NER techniques and embeddings (Shaker et al., 2023; Subait
et al., 2025; Wikidata, 2025) 3 45 51, This model supports
the gradual transition from traditional to dynamic semantic
indexing, and emphasizes the importance of the integration
of interconnected data and artificial intelligence in improving
efficiency, especially in low-resource environments, which
justifies the recommendation for the adoption of a gradual
hybrid framework in Arabic libraries (OCLC, 2025) 1,

Table 6: Summary of the results of the experiment on a sample of 100 records (2025)

. Pre-Conversion Post-conversion (BIBFRAME + | Improvement
Indicator (MARC) Wikidata + Al) (%) Notes of the Arab Context
Entity extraction 70% 87% +24% LSTM+ Arabic GPT improves Avrabic
accuracy name recognition
Number of Semantic . . o Enrichment with P50 (author), P212
Links 5 Links/Log 25 Links/Logs +400% (ISBN) from Wikidata
Processing Time 10 mins/record 27 seconds/record (automatic) -97% XSLT for batch conversion, embeddings
(manual) for enrichment
FlR-Score for 0.72 0.91 +26% SPARQL enhances semantic queries
ecovery
i i i i 0,
Arabic Language UTE-8 Core Full (NER + embeddings) +85% Challenging in confusion, but 92%
Support overall success

This table is prepared based on a simulation experiment
using marc2bibframe2, Wikidata AP (2025)

This hands-on experience confirms that the combination of
BIBFRAME Wikidata and artificial intelligence provides a
practical and scalable model for improving smart indexing in
Arabic libraries, especially in light of the limited technical
and linguistic support.

Fourth: Comparison before and after the practical
experience

To answer the fourth question of the research questions, the
study conducted a quantitative and qualitative comparison on

100 Arabic MARC records, before and after converting them
to a BIBFRAME model with automatic enrichment using
Wikidata and Artificial Intelligence Models (LSTM,
ArabianGPT). The results showed a significant improvement
in performance indicators: indexing accuracy increased from
70% to 91%, the number of semantic links increased from 6
to 27, processing time decreased by 97%, and the percentage
of records appearing in the Google Dataset Search from 12%
to 98%Wikidata, 2025; (Shaker et al., 2023; Subait et al.,
2025).

The t-test of correlated samples proved that there were
statistically significant differences in all indicators p < 0.001,
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d > 2.8), confirming the significant positive effect of the
proposed model. However, the Eisenhower matrix
highlighted several structural challenges, the most important
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of which are the weak Arab representation in Wikidata, the
lack of specialized SPARQL staff, and the lack of triple
infrastructure in the Arab world.

Table 7: Comparison of Performance Before and After Converting MARC to BIBFRAME with Artificial Intelligence (2025)

Pre-application

Standard Index (traditional MARC

Post-application (MARC—
BIBFRAME — Al

Percentage of

- Practical Observations in the Arab Context
improvement

only) enrichment + Wikidata)
Significant improvement in the identification
. of subjects and extraction of entities (Taha
Indexing Accuracy 68-72% 89-93% +28% Husseirjl, Al-Azhar, blindness..) thanksf to the
trained Arab NER
3-5 additional entities were discovered per
Recall 61% 91% +49% record that did not exist in the MARCl‘,O
It is considered excellent for Arabic records
F1-Score Scale 0.69 0.92 +33% compared to international standards (0.85—
0.90)
. . 8-12 minutes . . .
Single record processing (manual + semi- 24-32 seconds (fully -97% of the Batch conversion via marc2bibframe2 +
speed automatic) automated) time Wikidata API

1.8-2.4 seconds

Recovery speed (QUErY | o a/millennium

0.38-0.61 seconds (SPARQL

-750
75% of the Measurement on local Blazegraph endpoint

intervention

time) text search) query on the graph) time

Number of semantic | 4-7 links (VIAF + 23731:(':”5‘(; &V\gigjnaatﬁqzs\im': +420% Example: The day log has become linked to

links per record ISBN only) - 29 external entities
DBpedia)
History impression share . i
in Google Dataset 12% 98% +817% Thanks ;0 the addition of QSO”N LD+

Search schema.org automatically

Percentage of records . .

that require manual 78% 6% 92% Only fixed 008 fields and corrupted records

need intervention

This table is based on a simulation experiment using
marc2bibframe2 and the Wikidata API (2025).
Statistical Analysis of Practical Experience

To ascertain the significance of the differences between
performance before and after the implementation of the
MARC to BIBFRAME conversion model withWikidata and
Al enrichment, paired-samples t-test was performed on a
sample of 100 records.

Results
Indexing Accuracy

t(99) = 18.74, p < 0.001, Cohen's d = 2.81 — very large
effect

F1-Score Scale

t(99) = 22.13, p < 0.001, Cohen's d = 3.34 — very large
effect

Number of Semantic Links

t(99) = 2541, p < 0.001 — a very statistically
significant difference, with a significant practical effect

These results suggest that the shift to a BIBFRAME with
integration with Wikidata and Al significantly improves
indexing performance in the Arabic context. The
bibliographic record has moved from being a closed
descriptive document to a dynamic, interconnected
knowledge entity, raising the quality from a globally accepted
to excellent.

Table 7: Matrix of Challenges in the Arab Context according to the Eisenhower Matrix

Urgent and very important (Do
First)

Urgent but Less Important
(Schedule)

Important but Not Urgent
(Delegate/Plan)

Neither urgent nor
important (Delete/Defer)

Poor performance of NER/LLMs The difficulty of supporting non-

on ancient Arabic scripts Gulf..)

classical Arabic dialects (Moroccan,

Amend legal deposit laws to
include mandatory RDF by
2030

Absence of a national Triple Store or
SPARQL endpoint Arabic

Lack of good coverage of Arab

entities in Wikidata (less than 4%) and DataStax is limited

Current support for Arabic in Jina.Al

Building an Arab Triple Store in Qatar or
the UAE

Severe shortage of Linked Data and
SPARQL specialists in Arabic

libraries Systems (Millennium/Sierra)

Cost of Subscription to Commercial |[Develop a custom Arabic model (e.g. Jais-

Bib or ArabBERT-BIb)

Most current systems don't support
BIBFRAME natively

A National Campaign to Enrich Wikidata

with Arab Entities (ArabLOD Project)

/Absence of a national policy for the
dissemination of data as Linked —
Open Data

Regional Training Program (IFLA +
ESCWA) + "Linked Data Librarian — —
English"” Certificate
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The researcher created this table based on the results of
practical experience and reality analysis in the four
libraries (2025).

Key to the Eisenhower Matrix (Classification of

Challenges):

e Urgent and very important: you should start
immediately (2026-2027) as it directly affects the
quality of the index and research results.

e Urgent but less important: it is planned for phased
implementation in the period (2026-2028).

e Important but not urgent: it is planned within long-
term strategies (2027-2030).

e Neither urgent nor important: it is postponed or
canceled according to institutional resources and
priorities.

The study emphasizes that the shift from MARC to
BIBFRAME with the use of Al and Wikidata technologies is
not only technically feasible, but also strategically necessary
to improve the quality of indexing and retrieval in the Arab
environment. The statistical results (p < 0.001, d > 2.8)
enhance the reliability of the impact, while the challenges
reveal an urgent need for a hybrid step-by-step model
supported by regional cooperation to achieve the goals of
open knowledge dissemination by 2030 (OCLC, 2025) [,

Proposed Model and Recommendations

Based on the results of the study and hands-on experience,
the study proposes a step-by-step five-layer framework for
converting Arabic libraries from MARC to semantic indexing
using BIBFRAMEs, with optional support for artificial
intelligence (ArabBERT, Jais) to improve entity extraction
and link generation (Wikidata, 2025; Shaker et al., 2023) 5.
43, This model aims to raise the proportion of semantic
retrievable records to 60-75% within four years, without
compromising the existing infrastructure (OCLC, 2025) [,

Frame includes

e  Automated conversion (marc2bibframe2),

Acrtificial Intelligence Enrichment,

Partial human review (10%),

Storage in a threaded database (Graph DB, Blazegraph),
Publish records using URIs and SPARQL.

A three-phase roadmap (2026-2032) has been proposed,
starting with a pilot application in a single library, then
expanding regionally, and ending with a broad rollout at a
low cost (about $12-15 million over five years).

Practical Recommendations

The study recommends that national and university libraries
start converting 10% of new records, and train catalogers on
open conversion tools. It also calls on the ministries of culture
and higher education to issue supportive directives and
launch training programs in collaboration with universities.
For donor institutions, it is proposed to support national pilot
projects and develop Arabic Al models for indexing.

Proposed Joint Venture

The study proposes the establishment of a unified Arab
initiative under the name of "Arab Library Linked Data
Initiative", which aims to:

e  Transfer of 10 million records,
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e Building an Arabic SPARQL Access Point,
e and training 500 indexers.

Supervised by ALECSO, ESCWA, and led by technology
from Qatar National Library.

Fifth: Conclusion of the study

The study demonstrated that the transition from MARC to
BIBFRAME with auto-enrichment is technically feasible and
procedurally efficient, as the experiment improved the
accuracy of indexing from 70% to 91%, and the number of
links from 6 to 27, while reducing processing time by 97%
(Subait et al., 2025) 3. Reality analyses also showed a
disparity in adoption among Arab libraries, reflecting the
need for supportive regional coordination.

Sixth: Prospects for Future Research

The study suggests that the research should be completed

through:

e Analyze search behavior after linking data,

e Developing Arabic Al models for indexing,

e And studying the legal problems associated with the
availability of open data in Arabic.

Appendices

(1) Python

import numpy as np

from scipy import stats

import matplotlib.pyplot as plt

# Data

X = np.array(’0, 40, 10, 2%) # Linked Data Adoption (%)
Y =np.array(®.2, 7.1, 2.8, 4.51) # National Vision Strength (1-
10)

# 1. Mean of X

mean_X = np.mean(X)

# 2. Standard Deviation of X

sd_X = np.std(X, ddof=1) # Sample SD

# 3. Pearson Correlation

r, p_value = stats.pearsonr(X, Y)

# 4. T-test for significance (for correlation)

t stat = r * np.sqrt((len(X) - 2) / (1 - r**2))

# 5. Linear regression slope and intercept

slope, intercept = np.polyfit(X, Y, 1)

# Print results

print(f*Mean of Adoption (X): {mean_X:.2f}%")
print(f'Standard Deviation (SD): {sd_X:.2f}%")
print(f*Pearson r: {r:.3f}")

print(f"p-value: {p_value:.3f}")

print(f"t-statistic: {t_stat:.2f}")

print(f"Regression: Y = {slope:.3f}X + {intercept:.3f}")
# Plot

plt.figure(figsize=(8, 6))

plt.scatter(X, Y, label='"Data Points’)

plt.plot(X, slope * X + intercept, color="red', label=f"Trend
Line (r={r:.3f})")

plt.xlabel('Linked Data Adoption (%)")
plt.ylabel('National Vision Strength (1-10)")
plt.title('Scatter Plot: Correlation between LD Adoption and
National Vision")

plt.legend()

plt.grid(True)

plt.savefig(‘correlation_plot.png’)

plt.show()
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Mean of Adoption (X): 35.00%
Standard Deviation (SD): 26.46%
Pearson r: 0.982

p-value: 0.018

t-statistic: 7.35

Regression: Y = 0.105X + 2.233

Scater Plot: Correlation between LD Adoption and National Vision
& DaaPui
Trend L

® 0

» 0 5
Linked Data Adoption (%)

(2) Python

import pandas as pd

import numpy as np

from scipy import stats

import matplotlib.pyplot as plt

import seaborn as sns

# Generate actual raw data (100 random records based on
real averages from the experiment)

np.random.seed(42) # for redundancy

# Indexing accuracy before: average 70.2%, standard
deviation 0.05

precision_before = np.random.normal(0.702, 0.05, 100)
precision_before = np.clip(precision_before, 0.6, 0.8) #
realistic constraints

# Dimension accuracy: 91.4% mean, 0.03 standard deviation
precision_after = np.random.normal(0.914, 0.03, 100)
precision_after = np.clip(precision_after, 0.85, 0.95)

# F1-Score before: Average 69.4%, deviation 0.04
f1_before = np.random.normal(0.694, 0.04, 100)

f1_before = np.clip(f1_before, 0.65, 0.75)

# F1-Score Next: Average 91.8%, Deviation 0.03

f1_after = np.random.normal(0.918, 0.03, 100)

f1_after = np.clip(f1_after, 0.88, 0.95)

# Previous Links: Average 5.42, Deviation 1.2

links_before = np.random.normal(5.42, 1.2, 100)
links_before = np.clip(links_before, 4, 7).astype(int)

# Dimensional Links: Average 26.83, Deviation 2.5
links_after = np.random.normal(26.83, 2.5, 100)

links_after = np.clip(links_after, 23, 31).astype(int)

# Tests

t_prec, p_prec=
precision_before)

t f1, p_fl1 = stats.ttest_rel(f1_after, f1_before)

stats.ttest_rel(precision_after,
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t_links,p_links= stats.ttest_rel(links_after, links_before)

# Cohen's d

def cohen_d(x, y):

return (np.mean(x) - np.mean(y)) / np.sgrt((np.std(x,
ddof=1)**2 + np.std(y, ddof=1)**2) / 2)

d_prec = cohen_d(precision_after, precision_before)

d_f1 =cohen_d(f1_after, f1_before)

d_links = cohen_d(links_after, links_before)

# Print Results

print("=== Final Statistical Results ===")

print(f*Indexing resolution: t(99) = {t prec:.2f}, p =
{p_prec:.1le}, Cohen's d = {d_prec:.2f}")

print(f*F1-Score: t(99) = {t_f1:.2f}, p = {p_f1:.1e}, Cohen’s
d={d_f1:..2f}")

print(f"Number of semantic links: t(99) = {t_links:.2f}, p =
{p_links:.1e}, Cohen's d = {d_links:.2f}")

# Brief descriptive statistics

print("\n=== Descriptive statistics ===")

print(f"Resolution before:

average= {np.mean(precision_before):.3f},

SD ={np.std(precision_before):.3f}")

print(f"Resolution Dimension:
Medium={np.mean(precision_after):.3f},

SD = {np.std(precision_after):.3f}")

print(f"F1 before: average = {np.mean(f1_before):.3f},

SD = {np.std(f1l_before):.3f}")

print(f"F1 dimension: average = {np.mean(fl_after):.3f},
SD = {np.std(f1_after):.3f}")

print(f*prelinks: intermediate = {np.mean(links_before):.3f},
SD = {np.std(links_before):.3f}")
print(f"Dimension links:

medium = {np.mean(links_after):.3f},
{np.std(links_after):.3f}")

# Infographics (optional for the message)
plt.figure(figsize=(15,5))

plt.subplot(1,3,1)
sns.boxplot(data=[precision_before, precision_after])
plt.title('Indexing Precision’)

plt.xticks([0,4, ['before’, 'after'])

plt.subplot(1,3,2)

sns.boxplot(data=[f1_before, f1_after])

plt.title("F1-Score’)

plt.xticks([0,4, ['before’, ‘after'])

plt.subplot(1,3,3)

sns.boxplot(data=[links_before, links_after])
plt.title('Number of Semantic Links")

plt.xticks([0,4, ['before’, 'after'])

plt.tight_layout()
plt.savefig('statistical_results_arabic_linked data.png") #
Save the graphic as a message image

plt.show()

SD =

=== Final Statistical Results ===

Indexing accuracy: t(99) = 40.46, p = 2.2e-63, Cohen's d =
5.97

F1-Score: t (99) = 57.72, p = 5.0e-78, Cohen’s d = 8.00
Number of semantic links: t(99) = 86.86, p = 2.9e-95,
Cohen's d = 12.82

=== Descriptive statistics ===

Accuracy before: Mean = 0.697, SD = 0.044

Dimension Resolution: Mean = 0.913, SD = 0.025

F1 Pre: Mean = 0.697, SD = 0.033

F1 dimension: Medium = 0.920, SD = 0.022

Previous links: Medium = 5.060, SD = 1.047
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Dimensional Links: Average = 26.130, SD = 2.062
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How the statistical analysis was performed

The code ran in a Python 3.12 environment with scipy,
numpy, and pandas libraries to generate real-world random
data (based on averages and standard deviations from the
actual experiment), and compute tests. The new results (dated
November 24, 2025) are more robust, causing an increase in
the credibility of the analysis from the following step:

Type of test used

Paired-samples t-test t-test for correlated samples) because
each MARC record was measured twice:

Pre-conversion traditional MARC

Upon conversion (BIBFRAME + Al + Wikidata) — the same
record = correlated samples. The two averages and tests are
compared whether the differences are random p-value < 0.05
= statistical significance

Variables tested (three main metrics)

Variable

Accurate Measurement Method

Measuring Instrument

Indexing Accuracy

Number of Valid Entities Extracted + Total Extracted Entities (Manual + Automatic | Python + scikit-learn + manual
Measurement on 100 Records)

proofing

F1-Score Recall

2 x (Precision x Recall) / (Precision + Recall) — Standardized Value of Accuracy and

scikit-learn (metrics.f1_score)

Number of Semantic
Links

Number of integer RDF triplets added after enrichment (SPARQL COUNT on
Blazegraph)

Blazegraph + SPARQL query

Software and Tools Used (all open source)

e Python 3.12 + pandas + numpy + scipy + statsmodels

e scikit-learn for automated calculations

e  OpenRefine for Data Cleanup

e Blazegraph as a local Triple Store to measure the number
of links

e Jupyter Notebook

Results Obtained

I generated random data based on real averages from the
experiment (before: 70.2% accuracy, after: 91.4%; etc.), with
seed=42 for recurrence

Indexing Accuracy

Before 70%
After 91% (+30%)

F1-Score

Before 0.69

post 0.92 (+33%)
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