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ABSTRACT Open government data (OGD) is an e-governance practice that aims to increase public resource
efficiency and improve service delivery for citizens. Saudi Arabia launched its first open data initiative in
2011, with the goal of maximizing the economic impact of open data locally. This empirical study aimed to
assess the effects of the Saudi OGD initiative by conducting a literature review and monitoring the impact of
Saudi state-of-the-art open data. After observation and analysis, a systematic Monitor, Analysis, Action, and
Review (MAAR) approach was followed to conduct a proposed solution that addresses quality shortcomings
that consequently affect open data reusability. The methodology for creating the proposed solution included
selecting, formulating, and weighing the quality characteristics that define a valuable OGD. The proposed
solution is a framework for assessing the OGD quality using metrics that are compatible with the Saudi
Open Data Portal (od.data.gov.sa). To review this proposed quality assessment framework and test whether it
achieved its predicted outcomes, the results of the proposed solution were evaluated using local data samples
from the Saudi Open Data Portal.

INDEX TERMS E-government, framework, measurement, OGD, open data, open government data, portal,
quality, Saudi Arabia.

I. INTRODUCTION
Saudi Arabia is witnessing a substantial shift towards digital-
izing its government infrastructure as part of its 2030 vision
plan to enhance its effectiveness. This includes adopting an
open government data (OGD) approach, which is believed
to enhance the transparency and accountability between the
government sector and individuals [1]. Granting data trans-
parency is more than that of public service. It is an industry
with a direct market size that reached 184.45 billion EUR in
2019 for countries in the European Union and is expected to
reach 199.51-334.20 billion EUR by 2025 [2]. The European
experience demonstrates the potential of effectively utilizing
open data for a sustainable infrastructure that enables the
economy instead of a project that generates rapid revenue.
However, obtaining incremental benefits requires continuous
examinations and maintenance.

This study follows an empirical structure to follow the
problem-solving process by Kolodner et al. [3], It starts with
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interpreting the problem of the OGD in Saudi Arabia by
examining the literature review, followed by generating a
solution in the methodology to the leading cause of the OGD
shortfall, which is linked to data quality. Subsequently, the
results of the proposed solution are evaluated to determine
if the proposed quality assessment framework achieves the
predicted outcomes, which accurately investigates the quality
of the Saudi OGD.

Therefore, this study aims to investigate Saudi Arabia’s
OGD initiative by addressing the following questions:

RQ1.What impact has the Saudi open government data
portal made so far?
RQ2. How can a portal’s performance be improved to
assist it in achieving its objectives?
RQ3. What benefits can come from investment in the
open data infrastructure?

II. LITERATURE REVIEW
This literature review covers four main sections. It starts with
the historical background of the OGD’s origins and how it
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became an international phenomenon. An analysis of the
impact of the Saudi open data portal was made during its
attempt to stay up with this global trend. Furthermore, the
study analyzes the reasons behind the success or failure of
OGD initiatives by linking open data quality and its impact.
The findings highlight the need for an effective quality assess-
ment framework to monitor OGD results. The last section
covers the available quality assessment frameworks to help
find a framework compatible with the needs of the Saudi
Open Data Portal.

A. HISTORICAL BACKGROUND
Laws supporting opening government data can be traced back
to 1766, when Sweden announced its Freedom of Press Act,
which legalized accessing and publishing documents drawn
by government agencies. The Act grants freedom of the press
as a constitutional right, including allowing the release of
official records to the public. In 1942,Merton [4] called for all
scientific research to be made accessible without intellectual
property restrictions. Encouraging the science and research
community to adopt what is known today is an open-data
approach for effective knowledge development. Another fun-
damental legal milestone in the OGD movement is the Free-
dom of Information Act (FOIA). The law was passed in the
US in 1966, which gave American citizens the right to access
the information records of federal agencies, unless the data
were protected by law [5]. The legalization process sets a
path for regulating government data publications. The term
‘open data,’ as used today, was first mentioned in a document
published by an American scientific agency in 1995. They
argued that environmental and geophysical data should be
exchanged freely between countries since the weather and
what affects it are essentially global phenomena, and inter-
national boundaries are thus irrelevant [6]. The data initiative
reflects the influence of the computer science community.
In 1998, the open-source movement drastically changed soft-
ware development. People started collaborating to improve
products and services and debunked the common belief that
secrecy was the key to a robust system. The open-source
impact inspired 30 open government advocates to gather in
Sebastopol, California in 2007 to develop a set of principles
for open government data. They believed in the internet’s
potential for data and public affairs [7]. In 2009, the former
president of the US, Barak Obama, launched an open data
initiative as soon as he took office [8]. After signing theMem-
orandum on Transparency and Open Government Act, the US
government established the federal government’s open data
site (data.gov) in May 2009. Following that, at the United
Nations General Assembly Meeting in 2011, eight countries
began the OpenGovernment Partnership (OGP) [9]. The part-
nership advocates transparent, participatory, inclusive, and
accountable governance, inspiring other countries to join.
The OGP now has 79 currently active members. Moreover,
the US enacted the Digital Accountability and Transparency
Act in 2014, which obligates the Department of the Treasury

to standardize the reporting of financial data by other US
government agencies. This law makes federal expenditures
accessible and understandable to the public [10].

The history of open data reveals that such a bold idea aims
to transform e-governance. Establishing an open-government
state is not the end goal of this transformation; it is just
a step in the ‘‘digital government transformation’’ journey,
as Fig. 1 demonstrates. The movement started in the 1990s
when the term ‘‘e-governance’’ emerged [11]. — The period
from the late 1990s to the early 2000s witnessed the first
phase of transformation. This was the era of ‘‘e-government
1.0’’, when governments started investing in information
and communication technology (ICT) infrastructure. How-
ever, the traditional handling of governance operations has
remained the same. The only change was the medium. The
late 2000s witnessed the ‘‘e-government 2.0’’ phase, the
open government era during which the public sector leaned
towards collaboration and citizen participation. In the mid-
2010s, efforts began toward a smart government known as ‘‘e-
government 3.0’’During this time, the public sector began to
utilize innovative technologies such as artificial intelligence,
big data, blockchains, and the Internet of Things to enhance
their services. The latest stage of digital government transfor-
mation is ‘‘e-government 4.0’’, referred to as the transformed
government era. At this stage, governments can adapt to the
needs of their stakeholders, regardless of whether they are
citizens, businesses, or non-profit organizations [12].

The first sign of digital transformation in Saudi Arabia was
observed in 2003 when a royal decree was issued, directing
the Ministry of Communications and Information Technol-
ogy (MCIT) to start planning to provide government services
and transactions electronically. Subsequently, the Saudi gov-
ernment’s steps to complete its e-government 1.0 transfor-
mation demonstrate that the Kingdom is inevitably moving
toward the e-government 2.0 phase. The next step includes
shifting the focus from an electronic government to an open
government that is more citizen-oriented and encourages two-
way collaboration between citizens and itself.

B. ASSESSING THE IMPACT OF THE SAUDI OPEN DATA
PORTAL
The Saudi Open Data Portal (od.data.gov.sa) was established
in 2014. It is one of the first data-centric platforms to form
the Saudi National Data Bank (NDB), which is the backbone
of the open data initiative in Saudi Arabia. The portal is one
of the earliest open data projects, which makes it applicable
for comprehensive evaluation. The first step in tracking its
progress is to comprehend its expectations and review the
portal’s goals and objectives. According to the portal’s open-
data strategy [13], the benefits it aims to achieve are as
follows:

obj1. Enhancing transparency and citizen participation.
obj2. Improving the efficiency of government services.
obj3. Providing opportunities for creating new services
and products.
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FIGURE 1. Saudi Arabia’s OSI and EPI scores from 2014 – 2022.

obj4. Providing opportunities to create new jobs and
economic opportunities.
obj5. Gaining new knowledge via integrating multiple
data sources and processing high-volume data.

The portal’s impact is evaluated by tracing the progress
made so far and towards its objectives. Progress can be
detected using social indicators, international benchmarking,
and publication and research.

1) SOCIAL INDICATOR
The most viewed dataset had 49010 views by the time of
writing this document, and the most downloaded dataset had
146 download counts. Meanwhile, 18 published use cases
demonstrated the results of reusing published data. These
outcomes are considered modest given that the portal has
been operating for almost nine years, and 34 million Saudi
residents are the main target of the platform [14].

2) INTERNATIONAL BENCHMARKING
Several OGD benchmarks track the global progress of open-
data movement. Each has its own methodology and scope
but shares a common goal of supporting government perfor-
mance management [15]. This section tracks Saudi Arabia’s
ranking to assess the impact of its open-data policies.

a: OPEN DATA BAROMETER
This indicator is a universal assessment that examines the
impact of open data initiatives in different countries. Each
country is given a score between 0 and 100. In the latest
‘2018 Leaders Edition [16],’ Saudi Arabia scored 25/100.
Examination of the scoring methodology revealed that the
score reflects quality shortcomings in open data implemen-

tation. This includes having outdated datasets, a lack of a
machine-readable format to support reusability, and restrict-
ing data accessibility.

b: GLOBAL OPEN DATA INDEX
In 2015, the Open Knowledge Foundation established its last
Global Open Data Index (GODI). The index ranks coun-
tries ‘‘according to their percentage of openness,’’ [17] and
Saudi Arabia ranked 103 out of 122 in the last published
research. The low ranking was mainly affected by the poor
open data quality, which fulfilled only 24% of the evaluation
criteria.

c: OPEN DATA INVENTORY
OpenData Inventory (ODIN) rates countries’ open data based
on twomain criteria: openness and coverage. It evaluates each
country’s open data compliance to international standards,
and then ranks them based on their scores. In the latest
report [18], Saudi Arabia ranked 64th among 193 countries.
One shortcoming is the lack of administrative divisions in the
data. The indicator believes that there are no data available at
the second administrative level in the country, and detected
gaps in the data available at the first administrative level.
Moreover, the examined data are believed to lack download-
ing options, metadata,and associated data licenses.

d: UN E-GOVERNMENT SURVEY
The United Nations (UN) E-Government Survey considers
key open data elements to assess its members’ e-government
status. The UN believes that inclusive people-centric ana-
lytics and applications can help with innovation and opti-
mize resource allocation. Therefore, open data affect the
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E-Participation Index (EPI) and Online Service Index (OSI)
scores. Fig. 1 shows how the EPI score has been down-
graded since 2016. Meanwhile, the OSI score fluctuates in
the scoring system, but its ranking among other UN Mem-
bers, as demonstrated in Fig. 2, has been downgraded since
2018 [19].

3) PUBLICATION AND RESEARCH
Researchers are keen to measure the effect of the global
OGDmovement, resulting in the development of frameworks
and models to track its impact. This section reviews stud-
ies that target the Saudi open data portal. Starting with a
study by Alzamil and Vasarhelyi’s [20] compared Saudi Ara-
bia and Brazil by evaluating the data transparency of their
national portals. The model compares portals according to
four attributes: data availability, data openness, data analytics,
and application within the government website. Although
neither country provided applications within the government
website, Brazil is believed to have a better implementation
of transparency. The transparency gap between the two coun-
tries is shown by comparing their performance in a unified
GODI case, where Brazil met 80% of the evaluation criteria,
whereas Saudi Arabia met only 35%.

Asyri and Al-Suraihi [21] compared open data portals
across Gulf Cooperation Council (GCC) countries using
a checklist model. The availability of 32 services deter-
mines the quality of a country’s national open-data portals.
Saudi Arabia scored 16/32 and ranked third, while the United
Arab Emirates (UAE) and Oman shared first place, and
Bahrain ranked second.

Saxena [22] investigated the influence of cultural differ-
ences on open data initiatives among three countries with
cultural variation based on Hofstede Insights’s [23] dimen-
sions: Japan, Saudi Arabia, and the Netherlands. The study
confirmed that culture does affect the reality of open data in
countries. Accordingly, Saudi Arabia was more conservative
with its OGD, which is reflected by its lack of encourage-
ment for data publishing, maintenance, and reuse. In another
study [24], Saxena evaluated a national OGD portal using
the framework proposed by Máchová et al. [25]. They con-
cluded that the quality of datasets is affected by the lack of
visualization and mapping tools, updates on the datasets, user
participation and engagement via public conversations, and
data that are capable of statistical interpretation.

Finally, AlRushaid and Saudagar [26] attempted to alter the
GODI Scoring Model to evaluate open data portals by adding
three criteria: the use of social media, API, and existence of
a mobile application. The authors evaluated the Saudi open
data portal based on the altered model, compared the results
with five other nations’ open data portal assessments (Taiwan,
United Kingdom (UK), Denmark, Colombia, and Finland),
and concluded that the Saudi portal scored the lowest open-
ness score of 32.23%.

To summarize the findings of the previous three indicators,
Table 1 maps the portal’s objective to the indicator that mea-

TABLE 1. Linking the Saudi OGD objective to the indicators used to
ASSESS its accomplishment.

sures its progress. The analysis covered all goals except for
the fourth objective, which could not be measured because
of the lack of statistics tracking the economic progress of
open data in Saudi Arabia. Generally, the indicators reveal the
portal’s mediocre performance compared with its objectives.

C. THE LINK BETWEEN OPEN DATA QUALITY AND ITS
IMPACT
According to ‘the open data impact process [27],’ the origin
of low impact is traced back to the publishing organizations,
as shown in Fig. 3. Considering the garbage in/garbage out
(GIGO) concept, an organization’s poor data quality affects
the impact of published data. In addition, maintaining open
data quality affects sustainability not just its impact. Since
low-quality data consumes resources without stimulating
reusability, they will not deliver profits. Fig. 4 shows the
effect cycle for low-quality data. It demonstrates how data
quality affects the value of the dataset and, in turn, the return
on investment (ROI). The lack of profit is set to decrease open
data initiative funding and data maintenance as an inevitable
consequence, leading to what is known as the ‘benefit para-
dox,’ whereby despite high data publication volume, open
data will not generate enough profit to support its sustain-
ability. Without adequate gains, the publishing organization
will lose motivation and will hold back on expending effort
on data governance beyond its internal organizational use.

Even the slightest investment in open-data quality can have
a significant impact. According to international rankings such
as the ODB and GODI, the UK is acknowledged as a pioneer
in OGD worldwide. Furthermore, it is a leading member of
the OGP. However, even with the UK’s commitment to its
open-data strategy, it is still susceptible to flaws. A study by
Wang et al. [28] —found that the UK is practicing what is
known as ‘‘impression management,’’ which gives govern-
ment departments an easy and low-cost way to claim their
OGD credentials by publishing inert internal management
data. An analysis of the UK’s open data found that the public
is interested only in a few high-quality publications covering
topics that matter to them. One participant described the
UK’s OGD program as a ‘cottage industry,’ which means
that ‘it relies on the enthusiasm, skill, and goodwill of a few
resourceful government employees’ to operate effectively.
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FIGURE 2. Saudi Arabia’s OSI ranking from 2014 – 2022.

FIGURE 3. Open data impact process [27].

Overall, monitoring performance is the key to maintaining
OGD sustainability. Performancemanagement can be divided
into four phases: Monitor, Analysis, Action, and Review
(MAAR) [29]. After monitoring the performance of the Saudi
OGD initiative and analyzing its reason, which is associated
with the data quality, the next step will be to take action and
review the results. Taking action to solve the issue with the
open data porta’s content can begin by ensuring the quality of
the published data. Saudi Arabia’s open data portal lists the
quality criteria it complies with in its ‘‘open data quality. stan-
dards guideline [30].’’ However, because the low impact indi-
cated undetected quality shortcomings, the solution would be
to improve the quality-assessment approach.

D. FRAMEWORKS AND MODELS FOR MEASURING OPEN
GOVERNMENT DATA QUALITY
Research on OGD quality examined it on a high level by
evaluating the portal and its available properties or on a deep
level by investigating published datasets and the quality of

the data they contain. The following section analyzes the
two quality assessment approaches to help elect a framework
compatible with the needs of the Saudi open data portal.

1) HIGH-LEVEL FRAMEWORKS AND MODELS
The quality of OGD portals can be assessed by comparing
the portal’s compliance with open data standards or using an
assessmentmodel to determine the portal’s fulfilment of qual-
ity requirements. Table 2 summarizes the research papers that
evaluated open data portals globally. The findings of studies
that included the Saudi portal are discussed in Section II-B3.
The findings of the frameworks were consistent in pointing
to the portal’s shortcomings and eliminating the need to find
a new framework at a high level.

2) DEEP-LEVEL FRAMEWORKS AND MODELS
In addition to high-level quality assessment frameworks,
another approach is to evaluate the portal’s published data.
The deep-level quality assurance level is the focus of the
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FIGURE 4. Low data quality effect cycle.

Saudi open data portal in its quality criteria [30]. This section
summarizes studies that have utilized deep-level frameworks
to examine their compatibility with the Saudi portal. The
first two frameworks are recommended by the portal’s ‘‘Open
Data Quality Standards guidelines [30]’’.

1. The International Monetary Fund’s (IMF) Data Quality
Assessment Framework evaluates the data using five
main dimensions. Each dimension comprises several
elements with relevant quality indicators to track its
fulfillment.

Evaluation Criteria:

- Prerequisites of quality: Providing an environment that
supports statistics and resources commensurate with
the needs of statistical programs.

- Integrity: Policies and practices are transparent and are
guided by professional principles and ethical standards.

- Methodological soundness: data collecting methods
accord with internationally accepted standards.

- Accuracy and reliability: Source data provide an ade-
quate basis for compiling practical statistics, which are
ensured through regular assessment and validation.

- Serviceability: Providing statistics with adequate peri-
odicity and timeliness, consistent over time, and fol-
lowing a regular revision policy.

- Accessibility: data and metadata are easily available
with adequate assistance to users.

Compatibility limitations with the Saudi open data portal:
The framework primarily handles statistical data. However,
the Saudi portal does not always include statistical data. For
instance, the General Commission for Survey published a

Portable Document Format (PDF) document named ‘‘KSA
Official Map-Arabic.pdf.’’ The framework assumes format-
ting compliance by default and thus does not handle this
quality shortfall.

2. A framework developed by Vetrò et al. [37] evaluates
data quality at the dataset and cell levels. It quantifies
data quality according to the following characteristics:

Evaluation Criteria:

- Traceability: having metadata associated with creating
and updating the dataset.

- Currentness: the ratio between the supposed update and
the delay of publication, in addition to the percentage
of rows with current values

- Expiration: The ratio between the publication delay
after the dataset expires and the supposed update.

- Completeness: the percentage of complete rows and
cells in the dataset.

- Compliance: The percentage of the columns represent-
ing information with universal standards and the degree
of the dataset’s compliance with the e-Government
Metadata Schema (eGMS) and Berners-Lee’s five-star
standards.

- Understandability: The percentage of columns with
metadata was presented in a machine-readable format.

- Accuracy: percentage of cells that contain values that
comply with the domain and type of their dataset. The
ratio of the error of aggregation to the scale of data
defines the accuracy of aggregated information.

Compatibility Limitations With the Saudi Open Data Por-
tal: This framework is viewed as the best practice when
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objectively evaluating open data, as it uses a mathematical
equation to calculate a broad set of quality characteristics.
However, three incompatibilities affect its applicability to the
Saudi Open Data Initiative:

a) Two of the 14 criteria are dedicated to traceability. This
characteristic is not required in the Saudi open data portal, and
there are no enforced measures to ensure that data re-users
know the list of updates and the date of the dataset’s creation.

b) By requiring the percentage of errors of aggregation as
a criterion, the model assumes that the published data will be
fundamentally detailed, raw, and numeric, which is not the
case, considering the nature of the published Saudi datasets
that mainly take the form of reports, in which the accuracy of
aggregation does not apply to all Saudi datasets.

c) The calculation of publication delay is based on the
assumption that the date of information availability differs
from the date of publication. However, in the Saudi portal, re-
users do not know the date when the open data became avail-
able from the source to differentiate it from the publication
date on the portal, and the date of information availability is
mainly the date of publication, which renders it an unreliable
measure for assessing the Saudi OGD initiative’s quality.

3. Sánchez et al. [38] developed a European web-based
tool, tabular data quality Assessment and Improvement
of Health (TAQIH), to measure and improve the quality
of healthcare datasets.

Evaluation Criteria:

- Completeness: This tool calculates the number of miss-
ing values in a sample as a whole and in a variable.

- Accuracy: Outlier detection can result from poor data
collection.

- Redundancy: variables with duplication or high col-
oration indicate redundancy.

- Readability: a visual interface for the open data to
ensure inclusive comprehension.

Compatibility Limitations With the Saudi Open Data Por-
tal: The tool lacks key quality measures, such as timeliness.
Thus, if the dataset contains outdated data, the tool will
not detect it. Time is a paramount quality criterion for the
Saudi portal, as its quality guideline states, making this tool
inapplicable to the portal.

4. In a study by Yi [39], the authors compared the quality
of UK, US, and Korean open-government site datasets.

Evaluation Criteria:

- Machine readability: checking the data format using the
five-star ranking system.

- Completeness: determining whether any data are miss-
ing or inaccurate.

Compatibility Limitations With the Saudi Open Data Por-
tal: The framework lacks key quality measures according to
the Saudi open data portal, such as timeliness.

5. The Framework proposed by Nikiforova [40] applied
different semantic and syntax considerations to assess
data quality. Open data were examined at different

levels (field, attribute, database, and dataset scope).
Nine datasets were manually analyzed to determine
each attribute’s quality requirements and the error rate
percentage in the dataset scope.

Evaluation Criteria:
- Completeness: checking for missing values in cells and
missing information fields in the database.

- Correctness: ensuring that each cell has a valid value,
for example, the websites have working links and the
phone numbers are correct.

- Accuracy: detecting any anomalies in the data that can
be viewed as outliers.

- Consistency: checking the value consistency within a
single attribute in addition to the naming and standards
of the fields among different databases.

Compatibility Limitations With the Saudi Open Data Por-
tal: The framework lacks key quality measures according to
the Saudi open data portal, such as timeliness.

6. Fan and Zhao [41] presented OGD quality as a quanti-
tative equation, calculated using weighted quality vari-
ables.

Evaluation Criteria:
- Primary: checking whether the data are processed or
raw.

- Update frequently: check the dataset’s description for
the supposed frequency of updates.

- Machine-readable: the dataset’s format.
- Usage: the number of downloads.
- Timely: checking whether the dataset is updated in
real-time or not.

- Completeness: the extent to which data are published.
Compatibility LimitationsWith the Saudi OpenData Portal

Although the framework covers the main quality issues with
Saudi open data, each variable is evaluated based on the
evaluator’s opinion, which renders it relatively subjective.
An example is the completeness variable. In the framework,
the variable is given a score from to 1-5, where 5 indicates
that the publisher shares all the data and 1 indicates that the
publisher shares a ‘very small amount of data. ’ Defining the
term ‘very small’ is subjective.

III. METHODOLOGY
The literature analysis demonstrates a problem with
Saudi Arabia’s present system for open-data quality assur-
ance, which results in undiscovered quality flaws. This also
highlights an issue in the absence of a suitable replacement
framework. The proposed solution suggests a quantitative
quality assessment framework based on the characteristics
of the Saudi open data portal. Adopting a new quality assur-
ance procedure should help identify quality defects in Saudi
open data that might go undetected. The construction of a
customized quality assessment framework for the Saudi Open
Data Portal will undergo three stages. The first is the process
of selecting the quality characteristics to identify high-quality
data. Next, the factors were transformed into formulas to
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TABLE 2. Research on the quality of open data portals.
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TABLE 2. (Continued.) Research on the quality of open data portals.
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TABLE 2. (Continued.) Research on the quality of open data portals.
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TABLE 2. (Continued.) Research on the quality of open data portals.
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TABLE 2. (Continued.) Research on the quality of open data portals.

VOLUME 11, 2023 61571



N. F. Alogaiel, O. A. Alrwais: Assessment of the Quality of OGD in Saudi Arabia

TABLE 3. A list of the most common OGD qualities.

FIGURE 5. Berners-Lee’s five-star open data-scoring system.

produce a score that reflects the dataset’s quality. The last
phase proposes weighted scores for the framework to reflect
the importance of specific quality criteria based on Saudi
experts’ views.

A. FIRST STAGE: SELECTING THE QUALITY
CHARACTERISTICS
An examination of the open data literature demonstrates how
to disparate the criteria for high-quality open data. Table 3
presents the most frequently used deep-level quality metrics.

The metrics were selected based on a literature review of
the study. The criterion needs to fulfill the following condi-
tions:1) it should assess the quality of the open data based
on the dataset or its values, not the portal itself; 2) the met-
ric must be mentioned more than once; and 3) it must be
objectively measurable. 3) The metric must be applied to the
Saudi open data portal; for example, traceability is disqual-
ified because the portal does not enforce it. The findings of
Šlibar et al.’s [42] study confirm that the selected criteria are
most frequently used in the literature on open data. Quality
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TABLE 4. Quality weight scores.

TABLE 5. Quality scores of the proposed framework.

TABLE 6. Quality score after weighting the result.

measures that do not violate selection standards are integrated
into the suggested framework.

B. SECOND STAGE: FORMULATING QUALITY MEASURES
The proposed framework in Appendix A quantifies the
elected nine quality characteristics as follows:

1) Completeness: The completeness of the dataset is mea-
sured on two levels: The first is the cell level; this indi-
cator measures the completeness based on the number
of empty cells or values like (NULL, ‘-’) that effects
the dataset quality. The second level is information.
Unnecessary reticence can be measured by comparing
the published dataset with the original dataset in the
organization’s systems to consider unpublished non-
private data. Private data (e.g., names, Social Security
numbers, addresses, etc.) are the only data that should
be kept from publishing and are fixed to present a

certain narrative; they cannot be analyzed or input in
useful computations by data scientists and researchers.
For this reason, the more granular or primary the data,
the higher the dataset’s quality.

2) Timeliness: A dataset was inspected to determine
whether it contained recent or outdated data. The cur-
rentness of the dataset was examined at two levels.
The first level is the dataset’s publication timeliness
in the context of its updates,1 and the second level
is the freshness of the data within the dataset. Portal
visitors can notice that publishers upload old datasets

1this criterion is designed to fit the nature of the Saudi data publication
frequency, if the dataset is updated daily then the algorithm will give a
division by zero error, and for frequently updated data the expiration value
will be greater than the update frequency value with the absence of delay we
will have a quality value that is larger than 1, but these are special cases that
do not occur in the Saudi portal since the most frequently updates datasets
are updated quarterly.
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TABLE 7. Quality scores of the framework by Vetrò et al. [37].

FIGURE 6. Comparison between the 4 quality assessment results.

and update datasets frequently without changing their
content. By the time of writing this document, only

13.23% of the publishers committed to providing data
as recently as the period from 2019-2020.
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FIGURE 7. The assessment results of the proposed framework.

FIGURE 8. The assessment results of the proposed framework (after weighing the score).

3) Machine reusability: measured by scoring the dataset
based on its available format using Berners-Lee’s five-
star open data scoring system [43], as shown in Fig. 5.

4) Consistency: The dataset is consistent when the values
in the columns with standards follow the same patterns,
e.g., the data format for dates can be ‘yyyy/mm/dd’ or

‘yy/mm/dd’ but not both. Another example is the text
in a numerical column. Note that some columns, e.g.,
‘notes,’ cannot be standardized.

5) Accuracy: Extreme values in datasets that do not fit
within the normal ranges can indicate poor data entry
or collection methods. To detect these values, it is
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FIGURE 9. The assessment results of the framework by Vetrò’ et al. [37].

FIGURE 10. The assessment results of the Saudi portal’s model.

necessary to have a univariate outlier detection method
that individually tests each column and provides a
more accurate test than measuring the values within
the dataset as a whole. Given the common structure of
the Saudi open dataset, the Tukey test was considered
a compatible measure. The Tukey test calculates the
mean of each column (Q2), the mean of the values
above the mean (Q3), and the mean of the values below
the mean (Q1). A formula was then applied to obtain
the range for which any values that are outside this
range were considered outliers. Appendix B.1 demon-
strates the detection of outliers using RapidMiner Stu-
dio.

[Q1 − 1.5 (Q3 − Q1) ,Q3 + 1.5(Q3 − Q1)] (1)

6) Understandability: Users’ ability to interpret and
understand the meaning of data is affected by metadata
availability. Appendix C contains a list of the required
metadata based on the recommendations of the Work-
ing Group Metadata Cooperation OGD Austria [44],
listed in the form of an examination sheet. The sec-

ond factor affecting the dataset’s understandability is
the comprehensive format, as data gathered from the
dataset are often stored automatically or converted from
one format to another, which can cause data to be pub-
lished in a format that does notmake sense to the reader.
Unfortunately, when these mistakes are unnoticed by
a publisher, users of the data end up with nonreusable
datasets.

7) Use: The Saudi open data portal uses a five-star rating
system that allows the public to rate the datasets and
uses the average of the ratings as a score for the dataset.
The rating system’s default value of the rating system
was set to zero stars, which indicates the public’s use
of the published dataset.

8) Redundancy: If a row or column is repeated more than
once, this can indicate poor database management that
affects the quality of the dataset. Appendix B.2 shows
how to utilize RapidMiner to measure this factor.

After calculating all metrics, 12 quality scores were
obtained. The total quality of the dataset shall then calculated
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TABLE 8. Quality scores of the portal’s framework.

as:

Quality =

∑
QualityScore

12
∗ 100. (2)

C. THIRD STAGE: WEIGHING THE SCORE
To impose fairness on the effect that the criteria will have
on the final score, Ten elected Saudi pioneers in the data
analysis and data quality fieldwere asked to rate the criteria of
the proposed framework based on their importance. Selecting
precisely ten participants was due to the difficulty of finding
Saudi specialists with niche expertise in data science, and
the sufficiency allowed for a straightforward scoring distri-
bution. Appendix D details the participants’ credentials and
responses, which are summarized in Table 4. The participants
rated each criterion from to 1-10, with 1 indicating that the
character is not essential to the quality of the open govern-
ment dataset and 10 indicating that the character is crucial to
the dataset’s quality. The total score assigned to each crite-
rion was then divided by 100 to generate the weight value.
The participants were asked to rate the column duplication
and row duplication individually, since early versions of the
framework had separate scores for each type of duplication;

they were now merged under one criterion with the average
score as its weight.

IV. USE CASE
This section presents a case study of local traffic accidents.
In the Saudi Open Data Portal, the General Directorate of
Traffic, affiliated with the Ministry of Interior, is the govern-
ment authority responsible for providing traffic and accident
reports. Among all the datasets published by the directorate,
the most comprehensive was the ‘‘Traffic Accident Statis-
tics as of 1439 H.’’ [45] The dataset provided a monthly
report for 17 regions across Saudi Arabia that enumerated
the accordance of the different attributes in detail. The dataset
contained 17 sheets, each of which was processed separately
using the framework proposed in Appendix A. After calcu-
lating the scores on each sheet, the average score was used as
the final score. The dataset score 57.8%, as shown in Table 5.

The following quality characteristics positively affected
the dataset:

1- Cell-level completeness (CLC): Only three out of
16,146 cells were empty.
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TABLE 9. The final assessment results of the Saudi OGD datasets.

2- Machine readability (MR): The dataset scored three out
of five stars in the Burner-Lee scoring system since it
was provided in. XLS and.CSV format.

3- Consistency (CON): All rows of every column had the
same data type and format.

4- Accuracy (ACC): Using the Tukey test algorithm in
RapidMiner, only 327 anomalous cells were detected
and were found to be either below or above the normal
range of their columns.

5- Comprehensive format (CF): the dataset had no unread-
able content.

6- Usage (U): the dataset had a 3-star rating on the web-
site.

7- Duplication (D): The datasets had no duplicated rows
but 201 duplicated columns of 1242 columns.

The following factors negatively affected the dataset’s
quality:

1- Granularity (G), publication timeliness (PT), and con-
tent timeliness (CT) did not exist.

2- There was a shortage of metadata (MD) because 13 of
the 24 metadata points were identified based on the
metadata requirements in Appendix C.

3- Information level completeness (ILC) affected the
quality, with only 14 attributes published for the
64 non-private attributes in the original database. Some
of the 64 unpublished attributes were the status of the
vehicle, the status of the road, the name of the insurance
company, and the neighbourhood where the accident
occurred. These attributes can help detect patterns.
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TABLE 10. Detected quality deficiencies in Saudi OGD by different quality assessment frameworks.

FIGURE 11. Accuracy process in RapidMiner.

The published dataset is compared to the original dataset
by obtaining a copy of the original accident report that the
local General Department of Traffic utilized to collect acci-
dent information. This document shows the level of detail in
the original databases. When researchers can obtain such a
detailed amount of data, knowledge that benefits government

authorities and the public can be generated. For example,
a group of researchers from King Saud University in Riyadh
cooperated with the traffic department and gained access to
83,605 records and 60 attributes [46], which were displayed
in the form of three tables containing information about the
accident, vehicle, and accident parties. They applied data
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TABLE 11. OGD quality metrics.
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TABLE 11. (Continued.) OGD quality metrics.
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FIGURE 12. The results for the accuracy process.

FIGURE 13. Row duplication process in RapidMiner.

mining techniques to determine that older cars aremore prone
to accidents than modern vehicles, and that distracted driving
is the leading cause of traffic fatalities. The processing level to
reach these conclusions could not be obtainedwith the dataset
published by the traffic department in the Saudi open data
portal.

Table 6 shows the evaluation results after weighing the
scores using the values in Table 4. Table 6 shows how certain
quality criteria like Duplication (D), Use (U), and Accuracy
(ACC) are the most affected in the weighing process since
the experts gave them lower importance scores compared to
criteria like Metadata (MD) and Comprehensive format (CF)
that kept their weight.

A comprehensive quality assessment requires measuring
the same dataset using the international OGD standards.

Based on the candidate’s framework in Section 2.2.4, the
framework by Vetrò et al. [37] was chosen for comparison
because it has the most quality metrics and it inspired the
structure of the proposed framework. Both frameworks use
quantitative quality measures and assess the dataset at a deep
level, thereby making their readings comparable. The results
of the quality assessment are presented in Table 7.

The quality characteristics that positively affected the
dataset were that it was examined before its expiration date
and that it had only three missing cells and two incomplete
rows. The dataset followed some eGMS standards by listing
the creation date, source, title, and publisher. The dataset
received a three-star rating in the portal and presented all
the data in an understandable format. The cells had values
that complied with the domain of the dataset and the type
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FIGURE 14. The result for the row duplication detection process.

of information. No errors are observed in the aggregated
columns. However, the dataset lacked metadata associated
with its creation and updates and had no descriptive metadata
or standardization for the columns. Moreover, it had no cur-
rent rows and was published a year after the data availability
period.

The Saudi Open Data Portal currently utilizes another
significant quality assessment. According to this model, the
traffic accident dataset scored 58.33%, as in Table 8. These
requirements served as a checklist. If the requirements are
met, the value is 1; otherwise, it is 0. The machine readability
score was divided among the three requirements according to
the open data guidelines published by the portal [47].

To conclude the assessment of the selected dataset,
although the scores of the utilized frameworks showed con-
verging results, they scores were 57.8%, 47.74%, 57.3%, and
58.33%, respectively. The shortcomings and strengths of the
datasets differ between them.

V. RESULTS AND DISCUSSION
Table 9 shows the quality assessment results of the 15 datasets
published in the Saudi Open Data Portal (od.data.gov.sa)
using different frameworks. The same frameworks utilized
in the use case are used to assess the published open data
quality: the framework by Vetrò et al. [37], the proposed
model, and the weighted proposed model. The first five rows
of table 9 show the results of evaluating the most viewed data
at the time this document was written; the middle five rows
are the most downloaded datasets and the bottom five rows
contain randomly chosen data. The results of the assessment
are presented as a score out of 100.

A visual presentation of the assessment is shown in Fig. 6.
The frameworks showed some correspondence in fluctuation
patterns, but each framework pointed to different quality
aspects.

Fig. 7 is a visual representation of the results of the pro-
posed framework, which shows a deficiency in the granu-

larity, publication timeliness, and content timeliness of the
examined datasets. This figure shows the need for more
information-level completeness and metadata. The unified
usage score indicates that most datasets share the same 3-
star rating even though the default rating for the datasets
is 0, and some have only one view. Therefore, for practical
usage detection, publishers should not be allowed to rate their
datasets, and users should not be obligated to log in and
provide contact information for them to grant the right to rate
the datasets.

Fig. 8 shows how the scores in Fig. 7 were affected by the
weighing process. Although some criteria experienced a dras-
tic decline in their scores, such as duplication and use, others,
such as metadata and granularity, showed a slight change to
indicate their significance compared to other criteria.

Fig. 9 shows how the machine readability score indi-
cates that organizations avoid publishing data in a Uniform
Resource Identifier (URI) and linked data format. Instead,
they presented data in. XLS or.CSV format. The framework
by Vetrò et al. [37] shows that the datasets lack traceable
updates, current rows, standardized columns, and columns
that havemetadata. Moreover, the aggregation accuracy score
is negatively affected because it does not apply to 8 of
the 15 datasets. However, the datasets almost unanimously
fulfilled the percentage of syntactically accurate cells. The
drastically negative score of −10.4% is attributed to the fact
that dataset number 14 had 4170 delayed publication days,
which caused a drop in the quality score of the entire dataset.

Fig. 10 shows the evaluation results of the quality assess-
ment model of the portal. It detects a lack of metadata
and updated and valuable data. When inspecting the rea-
son behind the low score of requirement number 1.1, the
requirements state that ‘‘row data should be provided in Excel
or CSV,’’ the absence of row data negates the correctness
of the sentence. Thus, the fulfillment of this requirement is
negated. This dilemma demonstrates the problem of a purely
subjective measurement technique. The comprehension of an
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Code 1. Accuracy process.
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Code 1. (Continued.) Accuracy process.

analyzer may differ from that of a data publisher, because the
terminologies that define quality are ambiguous. This finding
explains why the critic’s viewpoint affected the score.

VI. CONCLUSION
The problem-solving process followed by this study states
that, after proposing a solution and generating results, the next
step is to evaluate whether the solution confirms the predicted
consequences [3]. The proposed framework is expected to
detect quality shortcomings that others can not. Table 10
compares the quality issues detected by the frameworks to
validate the prediction.

The framework by Vetrò et al. [37] has compatibility lim-
itations with the Saudi Open Data Portal, as the literature

review of this study pointed out. The inability to measure the
metrics lowered the criterion score because it was assigned
zero. As for the consistency of the framework proposed by
Vetrò et al. [37], it is believed that the percentage of stan-
dardized columns is equivalent to measuring consistency in
the framework. The ratio of standardized columns is calcu-
lated to ‘‘the number of columns that represent some kind of
information that has a standard associated with it (i.e., geo-
graphic information)’’ [37] since the Saudi open data portal
does not enforce standardization on the data, this affected the
consistency score in the framework. The proposed framework
measures data consistency differently by depicting the num-
ber of cells that did not match the column format, which was
not an issue for most of the Saudi dataset. The difference in
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Code 2. Row duplication process.
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Code 2. (Continued.)Row duplication process.

defining consistency indicates that the proposed framework
targeted what the Saudi Open Data Portal enforces in its
practices.Moreover, the proposed framework cannotmeasure
‘‘data quality’’ and ‘‘valuable data’’ because it is a subjective
assessment measure. The portal’s lack of clear indicators
of what is considered valuable and high quality affects the
score of the two metrics by lowering it, making the readings
unreliable and thus incompatible with the nature of the Saudi
portal.

The comparative findings demonstrated that the intended
effect of the suggested solutionwas successfully attained. The
proposed framework is demonstrated to cover the gap left
by the current quality evaluation frameworks to address the
issue of undetected quality inadequacy, while simultaneously
targeting the quality metrics that reflect the operational norms
of the Saudi open data portal.

Through investigating towards the research findings, the
following questions are answered:
RQ1. What is the impact that the Saudi open government

data portal made so far?
The literature review showed that the Saudi Open Data

Portal did not achieve its intended goals. The portal has a low
impact on social indicators, international benchmarking, and
publication and research on the open data in Saudi Arabia.
RQ2. How can the portal’s performance be improved to

assist it in achieving its objectives?
Section II-C linked the mediocre impact of the portal with

the poor data quality that feeds it. This section also argues
that constant monitoring and evaluation are key to improv-
ing performance. Thus, this study attempted to construct a
customized quality assessment framework that addresses the
needs of the Saudi open data portal and accurately assesses
its quality status.
RQ3. What benefits can come from investment in the open

data infrastructure?
The last section of this study, titled ‘Recommendations

provides suggestions for changes in the OGD management
process. It also includes some possible benefits of investing
in OGD improvement.

A. RESEARCH LIMITATIONS
The proposed framework remains a simple model with the
potential for enhancement after further performance evalua-
tion. The limitations of this study are as follow:

1. Gathering information to calculate the ILC of the pro-
posed framework is challenging as an outsider to a gov-

ernment organization in Saudi Arabia, which restricts
the ability to evaluate more samples.

2. In the Results and Discussion section, the quality
assessment scores for the framework byVetrò et al. [37]
and the open-data portal framework was mostly subjec-
tive. Thus, the assessed datasets were given the benefit
of doubt by scoring the measures as much as possible
to protect the integrity of the study.

3. The proposed framework keeps altering upon fur-
ther testing, implying that further adjustments may be
required.

4. The ILC criterion cannot detect missing dataset
records. An example is a dataset that publishes all
non-private attributes but has only five rows out of the
database’s hundreds of records. The frameworkwill not
be able to detect an issuewith completeness in this case.

5. The study did not analyze the perspective of OGD pub-
lishers, which are Saudi government agencies. Know-
ing the data providers’ challenges and limitations of
data providers can help examine the issue from all
angles and create a comprehensive solution. However,
due to time restrictions and acceptance limitations that
was not possible.

B. FUTURE WORK
Based on the limitations of this study, further testing on
portal datasets is recommended. Furthermore, the proposed
framework should be constantly enhanced based on updates
in the best practices and feedback and results from expand-
ing the testing process. The economic impact of OGD on
Saudi Arabia is an important topic that requires further
research to track the progress of its initiatives and towards
its goals.

VII. RECOMMENDATIONS
This study provides recommendations based on the expe-
rience of navigating the portal to assess the quality of its
datasets. Startingwith suggestions to improve the user experi-
ence and listing the benefits the Saudi governmentmay obtain
from maximizing the potential of its OGD infrastructure.

A. FEEDBACK AND SUGGESTIONS FOR THE SAUDI OPEN
DATA PORTAL
This section lists some notes for Saudi OGD stakeholders in
an attempt to provide feedback to help improve the portal’s
user experience.
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Code 3. Column duplication process.
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Code 3. (Continued.) Column duplication process.

1) THE PORTAL’S MAINTAINERS AND DEVELOPERS
1. Searching the portal is challenging. Users are expected

to enter keywords from the dataset’s title only when,
in reality, they could be searching for a dataset that is
published on a specific date. Unfortunately, the website
did not address this issue. Searching for a dataset within
the publishers’ list is even more restricted, because the
user is required to enter the exact title. The search bar
does not recognize a keyword or even part of the title,
which can be frustrating for the user. Dual-language
searching is also a challenge; the user receives different
results when searching for the same topic in English
and Arabic. This gap can make the discovery of infor-
mation difficult for monolinguals.

2. Some publishers had an empty list of publications.
Encouraging publishers to use the portal instead of pub-
lishing the data only on their official websites will help
people find all the data they seek from one resource.
As for reticent organizations, training and guidance
will help them understand the portal’s vision, and their

national duty may encourage them to participate in the
portal. One suggestion to encourage participation is to
have an annual event organized by the OGDmonitoring
authority to reward active organizations that publish
valuable data for re-users.

3. Hosting seminars and workshops for government agen-
cies can streamline their efforts and spread aware-
ness among publishers regarding what is expected
and how they can achieve it. These events can also
serve as opportunities for participants to exchange
experiences.

4. The portal should have a strict quality measurement
system. While efforts to audit the published data are
appreciated, according to the data quality guidelines,
the quality assurance process must ensure that the data
are reusable not just informative.

5. Incorporating active visual representations such as
maps and charts is essential. Citizens who visit the
portal come from different academic backgrounds and
not all can interpret spreadsheets. Furthermore, clearly
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FIGURE 15. Column duplication process in RapidMiner.

FIGURE 16. The results for the column duplication process.

presenting the data can help a broader segment of peo-
ple utilize it.

6. The re-user should be able to reference a dataset with
confidence that its data will not change after using it.
Data currency requires primary forms of change data
capture (CDC) for data warehousing. The CDC can
be enforced in the open data portal by: a) providing
updates on the dataset in the form of versions while
maintaining the previous version in its original state
and prohibiting edits. Allowing the re-user to reference
the version they utilized with the assurance that the data
will not change; or b) the dataset can be given a times-
tamp column that indicates the last update provided in
the rows, allowing for easy calculation of the number
of edited rows. None of the CDC practices are applied
to the Saudi open data portal. Furthermore, according
to the Saudi portal’s data quality guidelines, publishers

must update the dataset by adding new data to the same
file without using any differentiation measures for the
latest data. This can affect the integrity of data over
time.

7. Linking a ‘‘related dataset’’ should be an automatic fea-
ture instead of a manual feature. Not all publishers took
the time to link their datasets. Therefore, automation
can be performed using technologies, such as artificial
intelligence and linked data.

8. Minor details, such as metadata, data dictionaries,
maintainers’ contact details, and dataset size, can dras-
tically improve user experience. Thus, the portal must
ensure that the publisher includes descriptive informa-
tion before publication.

9. Not all content is correctly translated from Arabic to
English, and vice versa. The developers must assume
the portal does not cater only to the data community
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TABLE 12. Metadata checklist.
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TABLE 12. (Continued.) Metadata checklist.

elite. Not all local users can understand English; how-
ever, the portal includes datasets that are only available
in English. On the other hand, international audiences
unfamiliar with the Arabic language can encounter
many datasets available only in Arabic. The Spanish
OGD portal also faced the same issues. It took much
time to understand the content, even with a poorly
translated website. It seemed that it was designed to
cater only to a Spanish-speaking audience, which con-
tradicts the purpose of having open data in the first
place.

10. Publishers were requested to upload datasets of less
than 20 MB in size. However, the portal should refrain
from publishing big data, as researchers and data ana-
lysts find it exciting and valuable. The dataset size
should be listed in the ‘‘additional info’’ box to inform
users of the size before they decide to download it.

11. Activating connection channels, including e-mail
addresses, live chat services, and phone numbers,
is crucial when managing an international portal. The
Saudi Food and Drug Authority (SFDA) has estab-
lished an outstanding model with its public contact
service. The portal can benefit from experience and
replicate it. Furthermore, it is highly recommended to
ease the restriction on the user’s interaction, as the user
must provide a considerable amount of information to
leave a comment or inquiry.

2) PUBLISHERS
1. Publishers are advised to focus on the timeliness of

their data. Publishing archived reports from decades
ago will not help the public without recent data to
form a comprehensive perspective. Certain publish-
ers frequently update their archives without changing
the content of datasets, which is pointless and time-
consuming.

2. Organizations should avoid publishing summarized
reports, and re-users need raw data. Instead of pro-
cessing data, organizations should publish non-private
attributes from their databases. The re-users can then
use them to generate reports. Specific attributes may
seem insignificant for publishing, but they can help oth-
ers. For instance, reports on duties collected on imports
state the yearly income of Saudi Arabia in Riyals. Here,
it would be better to provide a detailed description of

each imported product with its value, type of product,
source country, and destination city. Complete datasets
will help entrepreneurs understand the gap between
what consumers need and what local stores are not
providing. Another example is accident reports. Instead
of showing the number of accidents that occur annually,
a dataset that details each accident, including the road’s
name, details about the cars, and weather conditions,
could help identify patterns and mitigate the causes of
accidents.

3. Participation in an OGD initiative as a government
agency is challenging. Regular data selection, auditing,
quality assurance, publication, and maintenance are
required. It also requires constant collaboration within
the organization’s departments and between the orga-
nization and the public. To manage these tasks effec-
tively, each publisher can assign a designated OGD
team with data specialists to manage open data pub-
lications.

4. Data that seems easy to interpret within an organiza-
tion may need to be clarified for people outside the
organization. Explaining terminologies and describing
datasets and metadata can help re-users avoid misinter-
pretation.

5. Publishers must also consider the target audience. Peo-
ple from different backgrounds browse the portal. The
average user knowledge may include data specialists,
inexperienced individuals, or potential international
investors. Thus, it is vital to consider how all of them
perceive published data.

6. It is best to provide a link to the agency’s web page
on the portal instead of publishing data on the official
agency’s website. This saves time and avoids mainte-
nance of duplicate versions of datasets.

3) DATA ANALYTICS COMMUNITY
1. Saudi data communities are advised to keep requesting

the data they need from a specific organization and the
portal. Even if their requests are not met, it gives the
OGD presenters an idea of their audiences’ demands.

2. Participation by leaving a comment and rating the open
datasets is critical for improving open data perfor-
mance. Feedback will help to create a user-oriented
experience instead of broadcasting a government-
oriented platform.
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FIGURE 17. Survey results for cell level completeness.

FIGURE 18. Survey results for information level completeness.

FIGURE 19. Survey results for granularity.

B. HOW CAN SAUDI ARABIA BENEFIT FROM AN
EFFECTIVE OGD?
Inspired by McKinsey’s report on open data [17], this section
discusses the effect that proper implementation of the OGD

approach can have on Saudi Arabia: 1) Education: Open
performance data in universities can help attract investors,
and in schools, these data can help trace their productivity
and providemore jobs for teachers using accurate job vacancy
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FIGURE 20. Survey results for timeliness.

FIGURE 21. Survey results for content timeliness.

FIGURE 22. Survey results for machine readability.

detection. In general, the Ministry of Education will be able
to perform better resource allocation, enhanced decision-
making, and optimization of strategies. 2) Transportation:
Access to real-time location and traffic data can reduce travel

times by identifying alternative routes to destinations to miti-
gate traffic, adjust public transportation schedules to match
public demand, and achieve better transportation manage-
ment and long-term positive environmental impacts. 3) Trad-
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FIGURE 23. Survey results for permanence.

FIGURE 24. Survey results for consistency.

FIGURE 25. Survey results for accuracy.

ing: Utilizing data about demographics and store assortment
for a specific neighborhood can help businesses meet the
needs of their community, segment consumers, and customize

consumer services, products, and strategies in the Saudi mar-
ket. 4) Electricity: Provides citizens with detailed data about
their energy consumption and shows how similar houses or
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FIGURE 26. Survey results for metadata.

FIGURE 27. Survey results for comprehensive format.

FIGURE 28. Survey results for usage.

businesses use electricity. High-level statistics for spreading
awareness of energy regulation are not as effective as provid-
ing localized and personalized statistics and benchmarks. 5)
Oil and Gas: Sharing consumption data helps citizens make
better-informed decisions about energy use and helps oil and

gas companies achieve better allocation of their facilities;
6) Health care: helps patients allocate the most timely and
appropriate treatment, better emergency response, and better
resource management and campaign impacts for the Ministry
of Health. 7) Housing: Open data can help match buyers
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FIGURE 29. Survey results for column duplication.

FIGURE 30. Survey results for row duplication.

and renters with suitable properties and help municipalities
optimize the layout of the infrastructure in the development
of neighborhoods.

APPENDIX A
OPEN GOVERNMENT DATA QUALITY METRICS
See Table 11.

APPENDIX B
RAPIDMINER PROCESSES
C. ACCURACY
XML code 1 of the accuracy process demonstrated in Fig. 11
performs the Tukey test on the dataset and then counts the
number of outlier cells that are marked as ‘‘top outlier’’
or ‘‘bottom outlier’’ to give the total number of outliers,
as shown in Fig. 12.

D. REDUNDANCY
1) ROW DUPLICATION (NDR)
To find the number of duplicated rows the process shown
in XML Code 2 and Fig. 13 uses ‘‘Remove Duplicates’’
operator, the filtered rows are counted using ‘‘Aggregate’’
operator after setting the aggregation attribute to the primary

key of the dataset, this arrangements will present NDR as
shown in Fig. 14.

2) COLUMN DUPLICATION (NDC)
Fig. 15 illustrates the XML code 3 process for detecting col-
umn duplication, which utilizes the ‘transpose’ operator that
shifts columns to rows. For this process, the dataset is initially
transposed to make the columns into rows, this will allow the
operator ‘‘remove duplicates’’ to filter out duplicated rows
before returning them as columns. Counting the duplicates
using the ‘‘Aggregation’’ operator will result in the NDC,
as shown in Fig. 16.

APPENDIX C
METADATA CHECKLIST
See Table 12.

APPENDIX D
SURVEY RESULTS
E. SURVEY DESCRIPTION
1) OPEN GOVERNMENT DATA QUALITY IN SAUDI ARABIA
In this survey, we aimed to measure the importance of open
government data quality characteristics that matter most to
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the open data community and the data quality community in
Saudi Arabia.

Please rate the following 14 quality characteristics based
on their importance according to your assessment (with
1 indicating that the characteristic is not important to the
quality of the open government dataset and 10 indicating that
the characteristic is crucial to the quality of the datasets).

F. PARTICIPANT’S QUALIFICATIONS
Participant NO.1: Associate Professor at King Saud Univer-
sity, pioneer in the field of data science.
Participant NO.2:ADirector of Analysis and Performance

Measurement Department.
Participant NO.3: Co-founder of Lucidia and a big data

specialist.
Participant NO.4: A Specialist in data science and R lan-

guage, visiting researcher at the University of Leeds, and PhD
in applied statistics and big data.
Participant NO.5: Data scientist and statistician, and a

consultant on data analysis.
Participant NO.6:General supervisor of the Big Data Cen-

ter in the Emirate of Makkah.
Participant NO.7: Assistant professor at Al-Jouf Univer-

sity, specializing in data science and big data.
Participant NO.8: Associate Professor at Imam Muham-

mad bin Saud Islamic University, specializing in open data,
data analysis, and management.
Participant NO.9:Data Scientist and Artificial Intelligence

Consultant at Oracle Middle East, and founder of Bayan
Enriching Data Science Platform.
Participant NO.10: General Director of Data at the Real

Estate General Authority and has a Master’s degree in Big
Data.

G. SURVEY RESULTS
See Figures 17–30.
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