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ABSTRACT
Background: The trend in producing linked open data to publish high-quality interlinked data has gained
widespread traction in recent years. Various sectors are producing linked open data to increase public
access and ensure transparency, in addition to a better utilization of government data, namely linked open
government data.
Problem Definition: As compared to the developed countries, Saudi Arabia lags behind in benefiting from
this new era of ubiquitous web of data, despite its publication of government related data in non-linked
format. In the context of Saudi open government data, the full potential of multi-category data published by
various government agencies at different portals is not being realized as the data are not published in open
data format and remain unlinked to other existing datasets.
Methodology: To bridge this gap, this study presents a framework to extract and generate semantically
enriched data from various data sources under different domains. The framework was used to produce the
Saudi linked open government data cloud by interlinking data entities with each other and with external
existing open datasets.
Results: The effectiveness of our approach is validated by applying it to a socially significant issue, i.e.,
divorce rate, in Saudi Arabia. By posing smart queries to semantically enriched data, we were able to perform
an in-depth analysis of different factors related to increasing divorce rates in Saudi Arabia. Arguably, without
using linked open data and related technologies such analysis would not have been possible. Finally, we also
present a simulated visual environment for better understanding and communication of such analysis for
decision and policy makers.

INDEX TERMS Linked open government data, smart queries, machine reasoning, ontologies, semantic
technologies.

I. INTRODUCTION
The linked open data (LOD) concept is used to retrieve struc-
tured data from different and distributed data sources. Linked
open data is important in information and data management
field because it is usually preferred over traditional data
management. Originating in Europe, Australia, NewZealand,
and North America, the open government data movement
has begun to gain momentum in Asia, South America, and
Africa. Currently, the countries which are leading open gov-
ernment data activities include the US, UK, Australia, and
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the Scandinavian countries [10]. They have an open data
community and commitment to both open data and central
open data portals. However, in the Saudi context, open gov-
ernment data are published in silence as it is neither made
available in an open data format nor linked to other existing
datasets. Thus, there is an urgent need to produce and publish
these data in a more structured and machine understandable
format by using Resource Description Framework (RDF),
to support more nuanced queries by making use of SPARQL
Protocol and RDF Query Language (SPARQL). Open data is
an important aspect of transparent governance, as it includes
not only government data but also data from various domains
such as business, industry, citizen, science and education.
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The world leading institutions which broadly use open data
are the World Bank, United Nations, New York Times and
The Guardian and Open Knowledge Foundation [10].

Typically, governments lead the initiative to produce open
government data. The Saudi Arabian government has already
taken an initiative towards producing open data but generat-
ing and utilizing linked open government data are still chal-
lenging areas for the Saudi government to address. The Saudi
Arabian government developed the open data portal1 which
is aimed at enabling transparency, promoting e-participation
and making informed decisions about government policies.
The open data portal also allows the public to access, search,
download, and use datasets published by different govern-
mental departments and ministries. However, the data are
currently available in various formats including Excel sheets,
databases, documents, and Comma Separated Values (CSV)
files, located in different data sources and are of poor quality,
which makes it difficult for these to be used for effective
analysis by policymakers to fulfil the required values. So,
generating policy insights would be difficult without estab-
lishing linked open data and providing SPARQL endpoints.

In addition, during the last 40 years, Saudi Arabia has expe-
rienced rapid social transformation, economic development,
education, labour forces, and changes in the roles and status
of women [5], [15]. This situation calls for a transformation of
open government data into linked open government data. This
is likely to benefit organizations, governments, and individu-
als by improving transparency, encouraging public participa-
tion and creating the ability to querymultiple data sources [6],
[21]. A number of studies such as [10] and [9] show that
linking open government data facilitates transparency, citizen
awareness, accountability, in addition to supporting better
decision-making, avoiding duplication and enabling cost sav-
ing in data collection. Other research such as [9] and [3]
also suggests that linking open government data from differ-
ent resources can improve the economy, offer social value,
strengthen democracy and reduce the cost of public functions.
We are interested in creating and using Saudi linked open data
cloud to enable the posing of more detailed and comprehen-
sive queries for informed decision making.

To the best of our knowledge, limited research has been
conducted related to producing and making the computa-
tional use of linked open data in Saudi context [3]. This is
the first study of its kind that created linked open data as
well as used it to uncover various factors that have impact
on social relations in Saudi society. Building on our previous
work [3], [4], this paper presents an extended framework to
publish Saudi linked open government data. We identified
and used different data sources from various domains to
produce Saudi linked open data which contains interlinked
data about population, household income, educational status,
job opportunities, household expenditure, consumption and
living costs. The datasets for this research are primarily from
the General Authority for Statistics, which publishes publicly

1http://www.data.gov.sa/

accessible datasets from governmental departments and min-
istries. We used the Ministry of Education, DBpedia, World
Bank, and the Ministry of Justice as data sources that can be
used to link various open datasets published in the linked open
data cloud. The ultimate goal is to use this interlinked data to
investigate different factors and parameters that have direct or
indirect impact on social aspects of Saudi society and then to
use results of such studies to define policies to address social
issues in an effective way.

As a case study, we applied our linked open data approach
to identify the underlying reasons in the increased divorce
rates in Saudi Arabia. Since the 1990s, the divorce rates in
Saudi Arabia have risen from 25 percent to 60 percent [5].
The present research provides new insights into understand-
ing the reasons for increase in divorce rates in Saudi Arabia.
We explored the potential impact of age structure, house-
hold income/expenditure, educational status, job opportuni-
ties, and other factors on divorce rates in Saudi Arabia. The
results can help decision makers in Saudi Arabia to identify
effective solutions for the underlying factors and parameters
to decrease divorce rates in the country. We also establish
a SPARQL endpoint where users can pose various queries
to Saudi linked open data in order to retrieve and analyze
the results. This research extends and enriches our previous
work [3], [4] in the following way:

• Explored and identified different data sources from var-
ious domains that have direct or indirect impact on the
social relations in Saudi society.

• Enhanced framework names as Saudi Linked Open Data
Cloud Framework (SLODCF) that is used to identify,
extract, process and produce semantically enriched data
(in resource description framework, henceforth, RDF,
format) from various data sources.

• Enriched Saudi linked open government data cloud con-
sisting of interlinked RDF datasets which are linked to
each other as well as with external existing open datasets
such as Ministry of Education, Ministry of Justice, Gen-
eral Authority for Statistics, DBpedia, and World Bank.

• Extended SPARQL endpoint to pose semantically
enriched queries by making use of SPARQL protocol.

• A case study of using the Saudi linked open government
data cloud for computational interpretation of underly-
ing factors that have direct or indirect impact on social
relations in Saudi society.

• Visualizing the Saudi linked open government data
using a dashboard to better understand and communicate
with large amounts of data.

The rest of the paper is organized as follows. Section II
discusses the related work. The process of identifying various
data sources and the underlying factors and parameters that
impact social relations is discussed in Section III. The frame-
work that we developed and used to identify, extract, process
and produce semantically enriched data (in RDF format) from
various data sources is outlined in Section IV. In Section V,
we present the Saudi linked open data cloud followed by
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SPARQL endpoint in Section VI. Section VII presents the
case study to demonstrate the effectiveness of our approach.
In Section VIII, we present simulated visual environment to
query, visualize, and analyze data from Saudi linked open
government data cloud for policy and decision making which
is discussed in Section IX. The paper concludes in Section X.

II. RELATED WORK
A plathora of work has been published on linked open data
in various domains such as governance, music and medicine.
In recent years, a number of governments have led the ini-
tiative to make their data freely available on the Web for
everyone to access, reuse, redistribute and share for their
purposes [2], [9], [28]. This is beneficial to organizations,
governments, and individuals [9]. In [26], the authors have
demonstrated that linking open government data from differ-
ent resources can improve the economy, create social value,
strengthen democracy and reduce the cost of public functions.

The authors in [17] developed a web application to retrieve
and consume linked open data. The web application proto-
type solved the problem of open data distribution by com-
bining and visualizing these data using linked open data
technologies. They used data sources related to education
and job vacancies in Jakarta. This web application enables
data storage, auto update of data, query, web scraping and
dashboard visualization. Major constraint of this application
are as follows: First, updated obtained data from open data
portal are not provided. Second, this application involves only
two web sites as data sources (this made the scope of work
very limited). Third, this application provides very limited
dashboard which is not be enough for data querying as well
as statistical analysis of data.

In [20], the authors proposed a framework to link and query
open datasets from various government portals to generate
graph based on RDF data. The authors made use of an online
portal as source for open data and made the extracted datasets
available as open data. Main limitations of this work are
(a) it did not interlink the datasets (i.e., no linked open data
provided), (b) the available SPARQL endpoint can be used to
query a specific datasets which constrains the utilization and
analysis of data as linked data.

A framework named as Framework of Thai Local Govern-
ment System has been presented in [11]. This framework is
developed to maximize the interaction and data integration
between different department at Sub-district Administrative
Organization of Thai government. It allowed accessing, dis-
covering, and achieving efficient interoperability of infor-
mation systems. Additionally, this system also facilitates to
query the RDF data by making use of the SPARQL protocol.
In this work, authors used the road construction project as
a case study for their project. Also, in this work authors
confined their work by depending on existing tools such as
D2R and Drupal in extracting, producing, and publishing the
open data.

In the medical domain, some studies have proposed
diverse approaches to linked datasets from medical sources.

In a number of studies [22], [24], the authors solved the
problem of distributed data on the Web by developing a
methodology to generate linked data in drug product domain.
In [22], the authors used datasets from global drug product
data, transforming and publishing consolidated drug product
data as linked drug data. In [24], the authors integrated open
data sources relevant to clinical trials such as LinkedCT
clinical trials dataset, the SIDER drugs and side effects
dataset using linked data technology and developed an intel-
ligent patient-centred clinical trial decision-support system.
This provides automated reasoning in search, analysis and
decision making. However, with all these benefits, these
two approaches have some major limitations such as (a) the
researchers in this study did not conduct a user evaluation
for their prototype, (b) the datasets that are included in the
system are very limited resulting into incomplete reasoning
and results, (c) very limited identification of the factors and
parameters that can be useful for clinical trials of different
patients.

In [1], a novel hybrid approach is proposed which employs
named entity recognition/disambiguation and dependency
parsing integrated with Wikidata ontology to develop an
Arabic question-answering system. They achieved an above
80% accuracy. In a recent study [27], the authors discussed
ca. 80 papers on the assessment of linked open data. Even
though, authors claim that they have developed the Arabic
QA System but they acknowledged the limitation of their
work as having very limited dataset. At the same time authors
acknowledged the limited support of Arabic language in the
global LOD. Also, this system offers very limited queries
such that it supports up to only the first level of properties
as well as with limited support of aggregation functions such
as ‘‘ORDER BY’’.

Similarly, a ‘‘group recommender system’’ is presented
in [25]. The proposed system uses a linked open data model
to ameliorate data sparsity problem. Also, this work is a joint
venture of implementing aggregation strategies, group size
as well as semantic technologies to maximize the accuracy
and precision of the recommendations given by the proposed
system. Similarly, in [31], authors have provided a systematic
literature review on linked open data in location-based recom-
mendation systems for tourism. Even though the focus of [31]
is tourism but its datasets cause the limitations in the rec-
ommendations. For example, major limitations of their work
include ignorance of many key factors/features such as trust,
friendship, and context of information. Due to unavailability
of these factors in the recommendations, the proposed system
loses the trust level of individuals as well as groups.

Our work addressed most of the limitations of existing
works that we highlighted above. The major limitations of
the existing work that we addressed in this study are: (a) using
multiple local as well as international data source, (b) our own
developed framework to extract and produce semantically
enriched datasets from multiple sources in various domains
(c) our framework can be customized to process incremen-
tal data sources (d) evaluation, results and analysis of the
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proposed system with a real life case study (e) simulated
environment with updated datasets integrated with SPARQL
endpoint, and (f) interactive dashboard with visual effects
making it easy for domain experts and stakeholders to visu-
alize and analyze data easily.

III. IDENTIFICATION OF DATA SOURCES
In this new era of ‘‘Web of Data’’ [16], we can find lot of
sources of data and information over the Internet. Searching
and identifying right resources of data can be very helpful
in achieving a goal that is very much data dependent and
data oriented. Keeping this principle in front, we explored lot
of data sources over the Internet and identified data sources
from various domains such as the Ministry of Education,
Ministry of Interior, Ministry of Justice, General Authority
for Statistics, DBpedia, World Bank, and Human Resource
and Social Development to extract the data from and to make
it part of our Saudi linked open data cloud. The identification
and classification of above-mentioned sources is based on
the data that they have related to different social aspect of
society which are also related to the presented case study (i.e.,
analyzing causes of divorce rate in Saudi society). Also, data
sets are classified as reliable such as World Bank, General
Authority for Statistics as well as public datasets such as
Twitter data. In what follows, we describe some of these data
sources, their key factors and parameters, especially that are
related to our case study (i.e. social relations in Saudi society).

A. GENERAL AUTHORITY FOR STATISTICS
The General Authority for Statistics2 is a government
agency in Saudi Arabia responsible for the implementa-
tion of statistical work including the national surveys.
It is an innovative statistical reference for Saudi Arabia’s
socio-economic development. The datasets exist in Excel
sheets, databases, and CSV formats. So, in our work,
we used datasets related to populations, education, incomes,
and job statistics. These datasets are available in dif-
ferent formats and describe the population based on
five dimensions: 1) Age Groups, 2) Gender: male and
female, 3) Employee Income, 4) Unemployment Rates, and
5) Administrative Areas in Saudi Arabia. The adminstrative
areas are: Al-Riyadh, Makkah Al-Mokarramah, Al-Madinah
Al-Monawarah, Al-Qaseem, Eastern Region, Aseer, Tabouk,
Hail, Northern Borders, Jazan, Najran, Al-Baha, and Al-Jouf.

B. MINISTRY OF EDUCATION
The Ministry of Education3 aims at an exceptional educa-
tion system that builds a globally competitive knowledge-
based community. These datasets are available in different
formats. The collected datasets describe population based on
four dimensions: 1) Gender: male and female, 2) nationality:
Saudi and non-Saudi, 3) Marital Status: Married, Divorced,
Widowed and Never Married, 4) The same administrative

2https://www.stats.gov.sa/en
3https://www.moe.gov.sa/en/default.aspx

areas in Saudi Arabia as for General Authority of Statistics,
and 5) Educational Status: primary, intermediate, secondary,
university, master and Ph.D.

C. DBPEDIA
DBpedia includes structured information fromWikipedia that
is available on the Web [8]. DBpedia provides real data
from various domains [8]. It allows queries generation for
Wikipedia and linking to other datasets on the Web [8]. The
Saudi DBpedia datasets are available in an open data format.
We linked our Saudi open datasets (such as population) with
the Saudi DBpedia dataset. For example, we used datasets
about Makkah Al-Mokarramah region and other regions in
Saudi Arabia.

D. WORLD BANK
World bank data4 include global development data for dif-
ferent indicators pertaining to all world countries. The Saudi
World Bank dataset includes more than 1500 indicators.
In our research, we used the Saudi World Bank dataset. For
example, we included indicators pertaining to the percentage
of annual household consumption expenditure per capita,
technology usage, the average monthly household expendi-
ture for divorced and married people and the general living
costs per year.

E. MINISTRY OF JUSTICE
The role of the Ministry of Justice5 is to monitor the Saudi
courts and to ensure that financial and administrative require-
ments are fulfilled. We used datasets on general indicators
of requests for certification of documents such as marriage
requests and divorce requests.

We collected the data from the afore-mentioned sources.
Table 1 summarizes the category of datasets, the number of
datasets, and the source of the datasets. These data sources
are used as an input for the SLODCF framework to process
and produce semantically enriched data (as discussed in the
next section).

IV. SAUDI LINKED OPEN DATA CLOUD FRAMEWORK
(SLODCF)
This section describes the enhanced SLODCF framework.
Building on our previous work [3], [4], we enhanced Saudi
linked open government data cloud framework (SLOGDCF)
to Saudi linked open data cloud framework (SLODCF). The
ultimate update is that the current framework efficiently pro-
cesses and manipulates not only the government data but also
the data produced by third parties suchWorld Bank and social
media sites (e.g., Twitter). The overall process of SLODCF
framework is that it collects, processes, generates RDF
datasets, interlinks these datasets with each other and with
other open datasets (published from government and non-
government resources). The SLODCF framework consists of

4https://www.worldbank.org/
5https://www.moj.gov.sa/english/pages/default.aspx
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TABLE 1. Saudi linked open data cloud datasets statistics.

FIGURE 1. Saudi linked open government data cloud framework
(SLOGDCF).

four modules: data preparation, data modelling, data linking
and querying (as shown in Fig. 1). Here, we describe these
modules in detail.

• SaudiOpenData (SOD)Crawler andExtractor:This
is the main module of our framework. It traverses, col-
lects, and extracts Saudi open data from multiple data
sources such as the Ministry of Education, DBpedia,
World Bank, General Authority for Statistics, and the
Ministry of Justice. Our framework traverses open data
available on Saudi ministries’ websites and portals and
extracts the required data entities. It follows the links
between data objects in a way that the connected data
are also retrieved. Linking open datasets requires investi-
gation between government organizations supervised by
certain ministries. This process of finding and extract-
ing datasets is adapted from the indigenous updated
algorithm (i.e., Algorithm 1). The Algorithm 1 is an
extension of our initial work (as discussed in [3]) for
crawling and extracting Saudi open data. It can be

Algorithm 1 Data Identification, Processing and Tripli-
fying Algorithm.

Data: Source portals (government and non-government
bodies) and social media data sources such as
Twitter

Result: SPARQL Endpoint with resulting RDF
datasets in N-Triple format at the back end

1 N − Triples = {} ;
2 S = {Source Website/portals, CSV files & social media

sites S} ;
3 foreach government and non-government data source

s ∈ S do
4 F = {Categorization and identification of data

sources containing social factors and parameters s}
;

5 foreach category f ∈ F do
6 F = {Set of various factors in category f } ;
7 foreach data source d ∈ D do
8 K = {Set of all parent factors f } ;
9 foreach data source k ∈ K do
10 Triples = ParentsourceN −

Triples(triplification) ∪
ChildsourceN − Triples(k);

11 L = {links to the child data sources k} ;
12 foreach child data sources l ∈ L do
13 Triples = ParentsourceN −

Triples(triplification) ∪
ChildsourceN − Triples(k);

14 end
15 end
16 end
17 end
18 Generate RDF datasets by using Triples;
19 end

used to find, extract, link and publish the interlinked
datasets from different afore-mentioned (i.e., govern-
ment, non-government, and social media resources) data
sources. The Algorithm 1 is improved with capacity of
identifying the underlying factors together with their
related data to be extracted from identified resources.
An improved feature of this algorithm is that it helps the
SLODCF framework to starting crawling and processing
from parent source and move up to last nested resource
by using recursive algorithm. This recursive approach
increases the data processing and collection capacity
of the SLODCF framework which ultimately resulted
into bigger knowledge graph support better and deeper
analysis of underlying factors.
After extracting datasets from different data sources,
we modelled our data to create an RDF model and
to generate RDF datasets. Here, we show some exam-
ples of RDF datasets from Saudi open government data
by using SLOGDCF. This will result in RDF triples
which are in turn used to produce RDF datasets in

50552 VOLUME 10, 2022



A. M. Alsukhayri et al.: Toward Building LOD Cloud to Predict and Regulate Social Relations in Saudi Society

TABLE 2. Description of some properties extracted from Saudi open
government data.

N-triple formats. Therefore, we extracted information on
Saudi datasets from DBpedia datasets including differ-
ent attributes such as total population and more related
information regarding Saudi regions. To extract struc-
tured information from these data sources which are
available in different data formats, we used different
generation tools and techniques. So, the results of struc-
tured information extraction pertain to datasets about
population, household income, educational status, job
opportunities, household expenditure, consumption, and
living costs from different data sources. Table 2 shows an
example of some properties extracted from Saudi open
government data and Table 3 shows some examples of
RDF statements belonging to Saudi open government
data datasets.

• Triplifier: The triplifier module is used to process and
produce RDF triples in the form of Subject, Predi-
cate, and, Object. Before this process, the triplifier also
checks the extracted data entities, their types and auto-
matically classify them as classes or properties of the
Saudi Government Ontology (SGO). After classification
the extracted data entities are mapped as instances of
specific classes or as properties which are used to link
instances of two classes or link instances of classes with
literal values. These classified instance and properties
become the part of final datasets. This module also uses
external tools and APIs such as OWL APIs to generate
RDF datasets in N-triple format.

• Saudi Open Data (SOD) Links Generator: This mod-
ule uses the RDF datasets to link the open datasets.
First, it determines the type of data and their relations by

TABLE 3. Some examples of RDF statements generated from Saudi open
government data.

examining the information that describes datasets. Then,
established more relations between data entities within
datasets. The data items extracted from data sources
contain data related to the presented case-study. The
creation and management of relation types between data
entities within datasets or links between data sources
are identified and created semi-automatically. Then the
RDF links are automatically generated between these
data entities to one another to create Saudi linked open
data, henceforth creating bigger knowledge graphs.
The internal and external links improve usability by
connecting the Saudi open government data and other
data sources with the LOD cloud. External links enables
easier browsing of the linked open data cloud and
Saudi linked open government data by following the
links. The internal links established between Saudi open
government data to create Saudi linked open govern-
ment data, the links created if these datasets related
to each other, or if these datasets belong to the same
organization/category or belong to a different organi-
zation/category. The external links established to create
Saudi linked open government data cloud, external links
created between Saudi linked open government data and
other existing open datasets. Table 4 lists the datasets and
the number of links between these datasets.

• Saudi Linked Open Data SPARQL Endpoint: This
module acts as a front end for end users. It enables
researchers to put semantically enriched SPARQL
queries to Saudi linked open datasets through the
SPARQL endpoint. Saudi linked open data SPARQL
endpoint was used to run various queries and to analyze
the obtained results while addressing various factors
according to our case study.

V. SAUDI LINKED OPEN GOVERNMENT DATA CLOUD
In order to enable Saudi linked open data users to retrieve
details and further information, we interlinked Saudi open
datasets with one another and with other existing open
datasets to create the Saudi linked open government data
cloud. Once the data model of Saudi open government data
is created and RDF datasets are generated, we linked the
data entities within our datasets and other existing open
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TABLE 4. Number of links between datasets in Saudi linked open
government data cloud (SLOGDC).

datasets as discussed above. In order to do that, we identified
the entities related to Saudi Arabia and related to our data
and then identified the relationships between entities in our
datasets and other datasets from different data sources using
interlink tools and OWL properties. This linking approach
allows access and retrieval of detailed information, resulting
in larger knowledge graph from different connected datasets
belonging to different domains.

A. GENERATING SAUDI GOVERNMENT ONTOLOGY (SGO)
FOR SAUDI LINKED OPEN GOVERNMENT DATA CLOUD
In order to convert our datasets from different formats to
RDF/OWL, we developed our own ontology (and reused
existing ontologies wherever possible as a rule of best prac-
tices in ontology development) and RDF triples from differ-
ent formats by using ontology development tools [23], [30].
Our ontology includes several classes such as Organization,
Category, Datasets, and Data Entry as shown in Fig. 2. The
Datasets class represents the statistical datasets which are the
container of data such as population datasets and economic
datasets. The Data Entry class represents a single piece of
data that represents the population by gender and marital
status identifiable by a set of dimensions such as region,
age group, and years. The Organization class represents the
government agencies or private agencies that published open
datasets. The Category class represents the category or type
of the dataset.

In addition, our ontology includes several properties as
shown in Fig. 2. The include_Category property relates the
organization to the category. The owner_Of property relates
the organization to the dataset. The belong_to_Category
property relates the dataset to the category. The has_Owner
property relates the dataset to the organization. The
related_To_Org property relates the category to the organi-
zation. The include_Dataset property relates the category to
the dataset. The belong_to_Dataset property relates the data
entry to the dataset. Some of the classes such as Data Entry
may contain subclasses depending on the case studies and

FIGURE 2. An overview of Saudi government ontology.

datasets which are generated automatically when we generate
our ontology and RDF triples from different formats.

B. LINKING DATASETS TO CREATE SAUDI LINKED OPEN
GOVERNMENT DATA CLOUD
The linked open data is a set of the best practices that can be
used for publishing, interlinking and querying data from dis-
tributed and different data sources [7]. The dataset of the pop-
ulation of people in General Authority for Statistics includes
common attributes related to the population such as marital
status, gender, region, and nationality. However, they do not
include other attributes in different domains such as educa-
tional status, job opportunities, age groups, incomes, house-
hold expenditure, consumption and living costs. To enrich our
current datasets, we collected data from external data sources
such as Ministry of Education, DBpedia, World Bank, and
Ministry of Justice.

RDF that is used to represent open data as linked open data
consists of nodes and directed edges for connecting the nodes.
A Uniform Resource Identifier (URI) uniquely indentifies
an individual node. RDF triples are interlinked by using the
object as the subject for triple or by using a new object for
existing subjects as shown in Fig. 3. The aggregation of many
interlinked RDF triples contributes to creating an RDF graph.
Linked open data principles foster the use of linked open
government data because it makes the aggregation and inter-
linking of heterogeneous data from different sources much
easier. Using linked open data principles, there is no need
for linked open data consumers to learn different data access
techniques for different data sources.

Therefore, we used a linked data approach to link one
data source to another, which allows users to explore more
information from different data sources and to get proper
data which are otherwise not available through isolated
datasets [4], [12]. So, we created a Saudi linked open gov-
ernment data cloud that can be used to provide new insights
into different problems including divorce rates issues in Saudi
Arabia and propose effective solutions. Before we link to
other data sources, we first need to choose the target external
data sources that can enhance our existing datasets and then
link these to the target data sources.We also provide SPARQL
endpoint where users can pose different types of queries to
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FIGURE 3. Two interlinked RDF triples.

retrieve the results and analyze them. To link our datasets to
other open datasets in the Saudi linked open government data
cloud, we used interlinking approaches to link entities from
our datasets to other entities from other datasets as shown
in Fig. 4. The resulting datasets include various interlinked
data sources belonging to diverse domains and governmental
departments.

This study analyzes the RDF datasets for determining links
under certain conditions. The Saudi open government data
interlinking functionality of linked open data is essential to
create Saudi linked open government data cloud. Linking of
Saudi open government data is done by the RDF mechanism
with the option to choose from two types of data linking:
internal and external links. Fig. 4 represents the types of data
linking at an abstract level.

The internal and external links improve the usability by
connecting the Saudi open government data and other data
sources with the linked open data cloud. External links
enhance connectivity among different data sources. The inter-
nal links are established between Saudi open government
data to create Saudi linked open government data, the links
created if these datasets related to each other, or if these
datasets belong to the same organization/category or belong
to a different organization/category. The external links are
established between Saudi linked open government data and
other existing open datasets to create Saudi linked open gov-
ernment data cloud. Therefore, we were able to retrieve max-
imum data and to produce bigger knowledge graphs about the
population and demographic characteristics in Saudi Arabia
not only from our indigenous dataset but also from all the
other datasets which were interlinked to it.

VI. SAUDI LINKED OPEN GOVERNMENT DATA SPARQL
ENDPOINT
The SPARQL endpoint can be used to pose queries bymaking
use of SPARQL protocol which is not possible by using
traditional data. The SPARQL endpoint is a flexible way
to access and query linked open data [7]. Here, we pro-
vide a SPARQL endpoint for querying the Saudi linked
open government data cloud which includes different data
sources such as General Authority for Statistics, Ministry

FIGURE 4. Saudi linked open government data cloud.

of Education, DBpedia, World Bank, and Ministry of Jus-
tice. We make use of Saudi linked open government data
cloud to query various factors under multiple domains, such,
as the Saudi population, educational status, job opportunities,
age groups, incomes, household expenditure, consumption,
and living costs to identify divorce rates in Saudi Arabia.
In addition, we present some samples of SPARQL queries
executed through SPARQL endpoint to assess the quality
of Saudi linked open government data cloud as shown in
Figures 5–8. These queries integrated data from multiple
domains. These queries retrieved data from our RDF datasets
and then obtained data from multiple open datasets in the
Saudi linked open government data cloud in order to get
more information as well as related information, whichwould
not be possible if we had not created the Saudi linked open
government data cloud. The queries shown in Fig. 5 to Fig. 8
relate the total number of divorced males/females according
to a variety of factors in Saudi Arabia per year (i.e., 2017)
to find divorce rates. The query shown in Fig. 5 indicates
the educational level of Saudi divorced males and females to
find the education of most divorced people by retrieving the
parameters of educational status and the number of divorced
males and females in every educational status. In Fig. 6,
the query indicates Saudi population by region for divorced
males and females so as to find the region that has the highest
number of divorced people and it retrieves the parameter
region and the number of divorced males and females in each
region. In Fig. 7, the query indicates the total unemployment
rates of Saudi males and females by their educational level
and regions so as to find the unemployment rate for divorced
people based on their education and region and the region
with the greatest number of divorced population members
retrieved from the previous queries in Fig. 5 and Fig. 6.Within
the set parameters, it retrieves the total unemployment rates
for males and females based on their education and region.
In Fig. 8, the query indicates the average monthly wages per
paid employee for Saudimales and females to find the income
for divorced people based on their education retrieved from
the previous query in Fig. 5. In the context of the parameters,
it retrieves the income for males and females based on their
education.

Similarly, mutatis mutandis, we developed queries to com-
pute the Saudi population for divorced males and females by
their age groups, the annual percentage growth of household
and final consumption expenditure per capita, and the the
population which is covered by health insurance.
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FIGURE 5. Sample query for educational status of divorce people.

FIGURE 6. Sample query for divorce people by region.

The above queries enabled us to retrieve useful informa-
tion from Saudi linked open government data cloud that we
created as part of this study. Detailed analysis and discussion
of these results follows in the next section.

VII. COMPUTATIONAL INTERPRETATION OF DIVORCE
RATE FROM SAUDI LINKED OPEN GOVERNMENT DATA
CLOUD
In this section, we present the quantitative and qualitative
analysis of the resulted data. There are many demographics,
social and economic variables which influence the divorce
rates in Saudi Arabia [13]. After querying Saudi linked open
government data cloud and retrieving the results, we were
able to conduct a more detailed and comprehensive analysis
to obtain results on divorce rates in Saudi Arabia which can
be used to define future policies and decision making.

A. SAUDI REGIONS-BASED ANALYSIS
The data revealed that the Makkah Al-Mokarramah region
has the highest divorced male and female population amongst
other regions where the divorced female population numbers
ca. 50,000 and divorced male population numbers ca. 20,000.
This is followed by the Riyadh region which also has a high
divorced male/female population amongst the other regions,
with a divorced female population ca. 30,000 and divorced
male population ca. 20,000. Also, the region with the lowest
divorce rates among other regions is the Northern border
region.

Therefore, to do this analysis properly we use the Crude
Divorce Rate (CDR) to capture the changes in divorce rates
because the data needed for measuring the CDR are retrieved
by querying the Saudi linked open data cloud through
SPARQL endpoint. The CDR is the number of divorces in

FIGURE 7. Sample query for unemployment rates and average wages of
divorce people by educational status.

FIGURE 8. Sample query for average wages of divorce people by
educational status.

a given year or a period of time by the estimated population
of that year or period of time [13]. So, the formula for CDR
is as follows:

CDR(y) =
D(y)
P(y)
× 1000 (1)

where:
D(y) is the number of divorces per 1000 people in that year.
P(y) is the number of people living in that year

(population).
Using Equation 1, CDR (in the year 2017) in Saudi Arabia

is 7.8 per 1000 people for both males and females. The CDR
tends to be low since the age structure of the population and
the gender male and female affect the CDR. So, the CDR has
several limitations. It may not reflect changes in divorce accu-
rately such as changes in age structure and marital status of
population [13]. Therefore, due to these limitations, we used
the General Divorce Rate (GDR) which is a refined measure
compared to CDR. The GDR is the number of divorces in a
given year or a period of time by the estimated population
aged 15 and more in that year or period of time [13]. So, the
formula for GDR is as follows:

GDR(y) =
D(y)

P(y)15+
× 1000 (2)

where:
D(y) is the number of divorces per 1000 people in that year.
P(y)15+ is the number of people living in that year age

15 and older (population).
Using Equation 2, GDR (in the year 2017) in Saudi Arabia

is 17.8 per 1000 people age 15 and older. We can conclude
that there is a notable difference between CDR = 7.8 and
GDR = 17.8 when we include only the people aged 15 and
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more. We can also obtain the GDR separately for females
and males by using the formula for General Divorce Rate by
Gender (male/female) (GDRG) which is as follows:

GDRG(y) =
D(y)

P(y)15+
× 1000 (3)

where:
D(y) is the number of divorces for males or females per

1000 people in that year.
P(y)15+ is the number of males or females living in that

year age 15 and older (population). G represents the gender
of the population.

Using Equation 3, the GDR for females GDRf (in the
year 2017) in Saudi Arabia is 24.1 per 1000 people age
15 and older. Similarly, mutatis mutandis, using this formula,
the GDR for males GDRm (in the year 2017) is 11.7 per
1000 people aged 15 and older.

From the previous calculations, we can represent the com-
parison between GDR for males and females age 15 andmore
in 2016-2017 as shown in Fig. 9. So, the GDR in Saudi Arabia
for the people aged 15 andmore at the year 2017 is 17.8which
is relatively high.

B. AGE-GROUP SPECIFIC ANALYSIS
Owing to our Saudi linked open data cloud, we were able
to get more information related to population based on age
structure. There is a strong relationship between divorce rates
and ages [13]. We found that most of the divorced males are
aged between ages 35 to 39, where divorced male population
approximates to 15,000 and most of the divorced females
are aged between ages 30 to 34, where the divorced female
population approximates to more than 30,000. Therefore,
we can summarize that most of the divorced people are aged
between 30 to 39, whether male or female. This is followed
by people aged 40 to 44, where the divorced male popu-
lation is approximately more than 10,000 and the divorced
female population numbers approximately more than 20,000.
Therefore, it is also important to consider the variation in the
age structure and gender of the population to measure the
divorce rates by age group separately for males and females
by restricting the measure to one gender and one age group at
a time [13]. So, we can obtain the age-specific DR separately
for females and males. Then the formula for age-specific
divorce rate by gender (ADRG) is as follows:

ADRGG(m,n) =
DG(m,n)

PG(m,n)

× 1000 (4)

where:
DG(m,n) is the number of divorces within a specific gender

in the age group n to m in the year.
PG(m,n) is the number of the people females/males popula-

tion in the age group n to m in the year. G represents the
gender of the population, G f,m.

The divorce rates are also affected by many other variables
which are not directly predictable such as unemployment
rates, educational status, income, household expenditure,

FIGURE 9. Comparison among GDR, GDRf and GDRm in 2016 and 2017.

consumption, and living costs [5], [15], [19], [29]. By using
the Saudi linked open data cloud, we were able to find the
relationship between the divorce rate and these variables and
represent it mathematically using direct and inverse methods
which is not possible without linking these different datasets
together.

C. EDUCATIONAL-LEVEL BASED ANALYSIS
Our data elucidated that most of the divorced males have sec-
ondary (high school) education, where the divorcedmale pop-
ulation numbers approximately 30,000. Most of the divorced
females have a university (bachelor) education, where the
divorced female population numbers approximately 50,000.
We can summarize that the divorce rates increase in people
who have high school and bachelor education, whether they
are male or female. The divorce rates decrease to the lowest
rate in people who have Ph.D. education. We can also rep-
resent the DR by educational status for females and males
from 2016 to 2017 as shown in Fig. 10. So, we can represent
the relationship between divorce rates and educational status
by using the inverse method. Since the DR decreases in
people whether male or female who have higher educational
status (ES) and vice versa, we can mathematically represent
this relationship as follows:

C = DR(y)× ES(y) (5)

where:
C is a constant value do not change over time, it can be any

type of number.
DR(y) is the number of divorces in a given year by the

estimated population aged 15 and more of that year.
ES (y) is the number of people by the educational level for

divorced males and females.

D. INCOME-BASED ANALYSIS
As discussed earlier, the divorce rates increase in people
who have high school and bachelor education, whether they
are males or females. Fig. 11 shows the average monthly
wages for males and females by their educational level.
The average monthly wages for males who have secondary
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FIGURE 10. The divorce rates by educational status for females and
males in 2016 and 2017.

(high school) education is approximately 10,000 RS and
the average monthly wages for females who have a univer-
sity (bachelor) education is approximately 10,000 RS. Also,
the average monthly wages for males and females who have
PhD education in which group the divorce rates is shown
to decrease are between 20,000 to 25,000 RS. So, we can
summarize that the people who lack financial stability tend
to divorce while other people who have financially stability
do not. In general, from what is mentioned earlier, we can
also conclude that the income and educational levels affect
the divorce rates in Saudi Arabia. Therefore, we can also
represent the relationship between the DR and the average
wages (W) for males and females by educational level by
using inverse method since the DR increases in the people
whether male or female who lack financial stability (low
average wages) and vice versa. So, we can mathematically
represent this relationship as follows:

C = DR(y)× ES(y)×W (y) (6)

where:
W(y) is the average monthly wages for males and females

by their educational level in a given year.
We can conclude that the divorce rates are affected by

the educational level of people and their educational level in
return affects their income so that the relationship between
these three variables is inverse.

E. UNEMPLOYMENT-BASED ANALYSIS
The unemployment rate is also an important variable which
affects divorce rates in Saudi Arabia. We have mentioned
previously that the divorce rate increases in individuals who
have high school and bachelor education, whether they are
males or females. We found that the total unemployment
rates for males and females are high for the people who
have high school and bachelor education, wherein the total
unemployment rate for males with high school is approxi-
mately 10.0, and the total unemployment rate of females with
bachelor education is approximately 35.0. We can summarize
that when the unemployment rates increase, the divorce rates
also increase. As we mentioned earlier, the unemployment

FIGURE 11. Income by educational status.

FIGURE 12. Comparison between the divorced rates and unemployment
rates for females and males in 2017 by educational level in Saudi Arabia.

rates increase in males with high school education and the
divorce rates also increase in males with high school edu-
cation as shown in Fig. 12. In a similar manner, the unem-
ployment rates increase in females with bachelor education
and the divorce rates also increase in females with bachelor
education. Therefore, we can also represent the relationship
between the DR and the unemployment rates (UR) for males
and females by educational level by using direct method
since the DR increases when the UR increases and vice
versa. So we can mathematically represent this relationship
as follows:

C =
DR(y)
UR(y)

× ES(y)×W (y) (7)

where:
UR(y) are the unemployment rates for males and females

by their educational level in a given year.

VIII. SIMULATED VISUAL ENVIRONMENT FOR
BROWSING AND ANALYZING SLODC
Visualization is the capability of presenting information for
better understanding [14] by leveraging the users to under-
stand datasets and simulation (in the context of semantic
based applications) is more focused on importing and inte-
grating data items in nodes from multiple query sources [18].
So, considering the semantic Web context, our end user inter-
face simulated the data queried from different interlinked
sources and visualized it in different formats including the
iconic representation of data (as shown in Fig. 13). The
ultimate background is to simulate and visualize data at three
levels i.e. i) Ontology-RDF level, ii) graph relationship level,
and data nodes level. Ontology-RDF level simulation and
visualization involves simulating and integrating the concepts
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FIGURE 13. Simulated visual environment of SLODC, showing divorce rate
in Saudi Arabia based on different factors.

and relationships between concepts. Graph relationship level
simulation and visualization involves identifying data entities
in datasets, links between data entities and simulated query
results from different datasets. To get the benefits of first two
levels of simulation and visualization, the linked open data
consumers should have pre-knowledge of the dataset’s data
model and SPARQL queries. Therefore, in the data visualiza-
tion type, linked open data transformed into rich visuals pro-
vides better decision making. It also involves visualizing data
with different types of charts, maps, and graphs to present
different visual means for performing data analysis.

Our simulated visual environment is interactive in many
ways such as it can be used to visualize, navigate, explore, and
query the SLODC (as shown in Fig. 13). This environment is
created by dumping the RDF datasets in the GraphDB and
simulating these live datasets with visual environment (i.e.,
SPARQL endpoint) by using power APIs and OWL APIs.
The OWL APIs are used to get query results, simulate them,
and visualize them by using Power APIs. Saudi linked open
government data consumers such as researchers, journalists,
decision-makers, and activists can benefit from such data.
However, they cannot do so because they lack expertise and
technical knowledge related to data management and visual-
izations. The interactive and easy to use interface dashboard
of Saudi linked open government data helps to have a better
understanding and communication with large amounts of
data.

To create a simulated visual environment, we followed the
following process; we extracted SPARQL results after query-
ing Saudi linked open government data to be prepared for the
visualization, we pre-processed the extracted results trans-
formed, and modeled before they can be visually analyzed.
Then, after extracted results are processed, we visualized

FIGURE 14. Divorce rates based on different factors in Saudi Arabia.

using different types of charts, enriched and customized with
visual characteristics, and aggregations. Finally, we devel-
oped interactive dashboards that use visualizations to tell
a story, provide interactive analysis, decision making, and
insights. An important feature of our simulated visual envi-
ronment is that we used semantic matching of icons with the
related results (as shown in Fig. 13) for better understanding
and analyzing the results.

IX. POLICY MAKING FOR BENEFIT OF SOCIETY
Once, the SLODC is created and a simulated visual envi-
ronment is configured on top of this data cloud, it can be
used to browse, navigate, query, and visualize the statistics
of interlinked data by different stakeholders including policy
and decision makers. As an example, the results (as shown in
Fig. 14) can be used by policymakers to define future policies
to control the increase in divorce rates. In Fig. 14, it describes
the divorce rates based on different factors such as General
Divorce Rates (GDR) for Males and Females. The Gen-
eral Divorce Rates (GDR) in people (Males/Females) with
high school and bachelor education where the divorced male
population numbers approximately 30,000 and the divorced
female population numbers approximately 50,000. We can
conclude that the divorce rates are affected by the educa-
tional level of people and their educational level in return
affects their income, so that the relationship between these
three variables is inverse. Thus, we can conclude that the
people who lack financial stability tend to divorce while
other people who are financially stable do not divorce. More-
over, the Age Group-specific Divorce Rate (ADR) for people
(Males/Females) aged 30 to 39, where the divorce rate for
males age interval 35 to 39 is 18.6 and the divorce rate for
females age interval 30 to 34 is 37.3. The Unemployment
Rate (UR) in people (Males/Females) with high school and
bachelor education is as follows: the total UR for males
with high school education is approximately 10.0 and the
total UR for females with bachelor education is approxi-
mately 35.0. Also, the household expenditure, consumption,
and living costs are directly affected by the divorce rates in
Saudi Arabia, and the relationship between the divorce rates
and other variables the educational level of people and their
income is inverse.
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Based on the SLOCD analysis, efficient, sustainable, and
effective policies can be developed by policy and decision
makers to address different issues and factors that cause the
increase in divorce rates. Some of the factors that we analyzed
in above discussion are, low education rate, which results into
low income, which causes low standard lifestyle, which ulti-
mately results to divorce. So, it means if governments define
polices to support the people at all these three levels (with
same sequence of priorities), divorce rate could be controlled.
Some of the policies that can be defined to reduce divorce
rates may include efforts to promote programs that emphasize
the importance of marriage, stable and strong family life and
relationships, provide counselling services as well as advice
and help to people before and after the marriage. Also, offer-
ing material support for married couples and divorced people
may also be helpful. This can include establishing a coun-
selling office for providing advice to reduce divorce in Saudi
society and to provide prospective spouses and couples with
access to social and psychological specialists. This can help
to ensure the compatibility between the spouses and provide
advice to those wishing tomarry so that they can enjoy amore
stable and harmonious marital life. The importance of family
life and the negative consequences of divorce for individual,
family, and society can also be addressed in educational
courses at school. Viewing as limitation of the system, such
policies (based on data analysis) has been prepared and pro-
posed to higher authorities but not yet implemented. Also, our
system needs to be continuously updated with latest data from
different sources to get right results from right data. For this
purpose, system needs to be maintained with latest datasets.

X. CONCLUSION
Open government data have been proven to be an area of
great challenge for the Saudi government since it launched
the initiative of developing the open data portal. This study
presented an extended framework wherein linked open data
technologies are used to create Saudi linked open data cloud
by retrieving and interlinking related data entities from var-
ious and heterogeneous data sources. Additionally, we also
presented a comprehensive analysis to explore the factors
impacting the rapid change in social values in Saudi Arabia.
This would not have been possible without using linked
open data technologies. More specifically, we built a Saudi
linked open government data cloud which helped to identify
the relation between different factors which were not linked
before and how they relate and affect the different social
attributes such as increasing divorce rate in Saudi Arabia.
We extracted and produced RDF data from various domains
such as population, household income, educational status,
job opportunities, household expenditure, consumption and
living costs to create Saudi linked open data cloud of these
social data entities. We established SPARQL endpoint on top
of this cloud and posed various queries to retrieve data from
the Saudi linked open government data cloud. To investi-
gate the computational impact of our work on society, and
as a practical case study of our work, We investigated the

impact of different factors and variables on rapidly increas-
ing divorce rates which is a challenging social issue in
Saudi Arabia. Our quantitative and qualitative analysis of
Saudi linked open government data cloud revealed that dif-
ferent factors contribute towards the increasing number of
divorce rates in the region. Measuring the system (frame-
work) performance is an important aspect that could help in
adopting the framework by concerned stakeholders. System
performance can be measured by using various factors such
as accuracy, time, and GUI usability. However, depending on
the nature of our current study, time/speed does not seem a
realistic measure. So, to measure the system performance,
we focused more on data accuracy and its visual presentation
to decision and policy makers in an easy-to-understand way.
Data accuracy is measured by performing hundreds of queries
related to our case as well as to the data which are is part
of LOD cloud by team of researchers having good hands on
the SPARQL query. The results of SPARQL queries are cross
verified with source data to measure the data retrieval accu-
racy. Similarly, the results are presented to domain experts
in visual/graphical forms through the dashboard for their
interpretation and understanding which is cross verified by
the IT experts. It is expected that the findings of such studies
can be used by decision and policy makers to define national
policies to strengthen and value the social relations in society.

The presented work can be extended in numerous ways.
One potential extension could be to combine the linked open
data technologies with (deep) machine learning for more
informed reasoning and decision making.
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