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In recent years, the amount of data in the world is growing rapidly. Data growth also occurs in the government sector. All
ministries and institutions at every level are data producers. These government-owned data have a high potential if they can be
used properly. Open government data can stimulate innovation and economic growth and enhance business models. In order to
increase the willingness of citizens to use open government data and enjoy the benefits mentioned, the quality of open government
data needs to be improved. The quality of open government data encompasses a variety of dimensions and criteria. Also, the
importance of each dimension and criterion in increasing the quality of open government data is different. Therefore, we are faced
with a complex system that requires proper decision-making and management. In fact, we are dealing with decision-making in the
complex management system. Given the importance of this issue, the purpose of this study is to provide a new and comprehensive
method to improve the quality of open government data and increase the willingness of citizens to use the data by considering the
complex network of citizens and organizations. For this purpose, library studies have been used to extract comprehensive and
effective dimensions and criteria. The statistical population includes all articles related to the criteria of improving the quality of
open government data and increasing the willingness of citizens to use the data. The probabilistic sampling method of simple
random samples has been used, and 10 articles in this field have been reviewed. After extracting the criteria as well as the data of
112 governmental organizations and institutions related to each criterion from the open data portal, the complex network of
citizens and governmental organizations and institutions has been analyzed in order to identify high-degree centrality orga-
nizations. Then, the data characteristics of the organizations that were most desired by the citizens were extracted using data
mining techniques including the regression model. Also, field method and multicriteria decision-making technique including the
DEMATEL technique have been used to express the solutions and identify the cause-and-effect relationships between the
solutions. The criteria extracted in improving the quality of open government data and increasing the willingness of citizens to use
the data are included: “data originality,” “license openness,” “up-to-datedness,” “data access,” “metadata completeness,” “number
of data sets,” “format openness,” “nondiscrimination,” “understandable,” “number of categories of data sets,” “free,” “lack of
missing data,” “data request ability,” “visualization,” “feedback,” and “data subject matter.” Based on the results obtained from the
analysis of the complex network and the regression model, the criterion of “society subject” with a coefficient of 72.564 and a
positive sign has the greatest impact on increasing the number of citizens’ visits to open government data. After that, the criterion
of “format openness” with a coefficient of 52.682 and a positive sign has the second rank in increasing the number of visits.
Extracting comprehensive and effective criteria in improving the quality of open government data and increasing citizens’
willingness to use data, calculating the weight and importance of each criterion by analyzing the complex network of citizens and
organizations, as well as providing solutions, can help managers in decision-making and proper management in the complex
system of citizens and government organizations.
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1. Introduction

Open data refer to nonconfidential data that are made
available without any restrictions on use or distribution [1].
Open government data are tools for empowering citizens
and giving them access and permission to use data generated
by the government sector, so that they can use, store, re-
distribute, and integrate data with other data sources [2]. In
addition, open government data can be defined as data
belonging to a government entity that is published for free
use, reuse, and redistribute [3].

Providing information in the form of open data will
reduce corruption, gain public trust, and build a democratic
society. Open data provide more opportunities to monitor
governance activities. For example, it makes the way the
budget is spent transparently and the effects clear. It also
encourages citizens to be more involved in overseeing
governance. In the corporate sphere, open data primarily
help the entity itself to be aware of the existence of data in the
organization and to avoid parallel and costly activities to
collect data that have already been done by the organization.
Open government data enable citizens to participate in
decision-making processes with informed and structured
procedures [4]. Open government data can stimulate in-
novation and economic growth and enhance business
models [5].

In order to increase citizens’ desire for open government
data and enjoy the benefits mentioned, the quality of open
government data needs to be improved. The quality of
government data encompasses a variety of dimensions and
criteria. Also, the importance of each dimension and cri-
terion in increasing the quality of open government data is
different. Therefore, we are faced with a complex system that
requires proper decision-making and management. In fact,
we are dealing with decision-making in complex manage-
ment systems. In this study, first, comprehensive and ef-
fective dimensions and criteria in increasing the quality of
open government data and increasing the willingness of
citizens to use the data have been extracted using library
studies. In the next phase, an attempt has been made to
determine the extent of citizens’ willingness to use the data
of each organization by presenting a new and creative
method and considering the complex network of citizens
and government organizations and institutions providing
open data. Then, the characteristics of the data that the
citizens wanted were examined, and based on the obtained
results, the importance and weight of the dimensions and
effective criteria in increasing the quality of open govern-
ment data were calculated. For this purpose, data mining
techniques and regression model have been used. Also, after
analyzing the results, multicriteria decision-making tech-
nique has been used to provide solutions and their im-
portance. The method presented in this study and the results
obtained can help managers in the decision-making and
proper management of organizations providing open gov-
ernment data to increase data quality and thus increase the
desire of citizens to use and enjoy the benefits of open data
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(as a kind of decision-making in the complex system of
citizens and organizations providing open government
data).

In the following, in Section 2, the related works and the
disadvantages and limitations of previous researches and the
reason for dealing with the current research are stated.
Section 3 describes the research method, which consists of
different phases and includes the analysis of a complex
network of citizens and organizations to calculate the weight
and importance of criteria for improving the quality of open
government data and increasing citizens’ willingness to use
the data. In Section 4, the results are presented based on the
different phases expressed in the research methodology
section and the findings are discussed. Findings include the
extraction of comprehensive dimensions and criteria in
improving data quality and increasing citizens’ willingness
to use data, extraction of data of government organizations
and institutions based on each criterion, results of complex
network analysis of citizens and organizations and identi-
fication of organizations with high centrality, use of data
mining techniques involves a regression model to analyze
the characteristics of the data set related to organizations
with high degree centrality and calculate the weight and
importance of each characteristic and criterion, and to
provide solutions and identify the cause-and-effect rela-
tionships between the solutions using decision-making trial
and evaluation laboratory (DEMATEL) technique. Finally,
in Section 5, the conclusion is given.

2. Related Works

In this section, research conducted to improve the quality of
open government data and increase the willingness of cit-
izens to use the data is reviewed. Nikiforova and McBride
conducted a study entitled “Open government data portal
usability: A user-centered usability analysis of 41 open
government data portals.” Confirming the importance of
portal usability for the data reuse process, this study helps to
explain some of the initial insights by asking two questions:
“How can the usability of open government data portals be
evaluated and compared in different contexts?” and “What
are usually the practical aspects of open government data
portals?”. To answer these research questions, a set of 41
open government data portals have been selected for us-
ability analysis based on the feedback of 40 users. According
to the results of this study, the lack of interaction between
users with open government data portals in cases such as
providing feedback or requesting data sets is one of the main
problems of open government data portals. Therefore,
governments should focus on developing open government
data ecosystems and increasing the interoperability of these
portals [6].

Zhang and Xiao have examined the framework for
evaluating the quality of open government data. The purpose
of this study is to create a common framework as a reference
for evaluating the quality of open government data. In this
research, 10 qualitative studies have been combined in a



Complexity

common reference framework to evaluate the quality of
open government data. Based on a seven-step analysis, a
common reference framework for evaluating the quality of
open government data is presented, which includes six
criteria: accuracy, accessibility, completeness, up-to-dated-
ness, stability, and comprehensibility [7].

De Juana-Espinosa and Lujan-Mora evaluated open
government data portals in the EU from 2015 to 2017. This
study presents data collected from open government data
portals in 28 EU countries. Several parameters and criteria
observed over a period of 3years in open national data
portals have been identified and recorded to create this data
set. The data are obtained manually from existing public
information sources and official open government data
portals that are freely available on the Web. In this study, the
criteria “Existence of a link from an open government data
portal to the source site of the data set provider,” “Existence
of social network plugins” to discuss users’ experiences in
using an open government data portal, “Support for various
data set formats” and “Data search and filtering capability”
have been proposed as criteria for evaluating open gov-
ernment data portals [8].

Zheng et al. in a study entitled “Evaluating global open
government data: Methods and status” first examines seven
methods of evaluating open government data by regularly
comparing and analyzing their frameworks, criteria, and
methods. Based on this analysis, a framework for evaluating
the performance of open government data has been de-
veloped for all UN member states. According to the results,
most of the current evaluation programs focus on data and
foundation and pay less attention to software platforms, use
and impact. This study shows that in 2018, 34 countries
(18%) score “very high,” 40 countries (21%) score “high,” 43
countries (22%) score “medium,” while 76 countries (39%)
have received a “low” score [9].

Dahbi et al. have conducted a study entitled “Toward an
evaluation model for open government data portals.” In this
study, the authors define an evaluation model for open
government data portals based on several main dimensions
that have a great impact on their application. Specified
dimensions are information richness that deals with
adapting the portal to the needs of the user in terms of
content; detection capability associated with tools and
mechanisms that increase data access to the portal; reus-
ability, which deals with the openness of the data published
on the portal and the possibility of reusing them; and in-
teraction, which is related to the openness of the portal for
user feedback, cooperation, and interaction with published
data. The proposed evaluation model has been used to
evaluate four national open government data portals [10].

Vetro et al. offer an approach to measuring the quality of
open government data sets. They asked open government
data users about the challenges to open government data
quality. In general, they suggest that the data set be evaluated
for completeness, accuracy, traceability, comprehensibility,
compliance, and expiration. In other words, the ideal data set
should include complete and accurate data, be machine-
readable, have metadata, be updated, be accurate, and be
traceable in terms of source. This is a very complete and

useful framework for policymakers who want to control the
quality of data sets in open government projects or
programs [11].

Dawes et al. introduced a framework for evaluating the
quality of open data portals at the national level and pro-
vided a set of criteria for evaluating data quality problems in
open government data portals. These criteria were applied to
12 portals, and several dimensions of data quality were
introduced. These dimensions included the existence of
standards in data formats, the existence of metadata, ma-
chine readability, and the up-to-datedness of data [12].

Misuraca and Viscusi discuss the framework for eval-
uating the compliance of open government data based on
quality. These criteria include three dimensions of quality:
completeness, accuracy, and up-to-datedness [13]. Harrison
et al. focus on evaluating metadata quality [14].

As seen in previous research, each of the studies focused
on a specific dimension of improving the quality of open
government data and increasing citizens’ willingness to use
the data. Also, in the researches done so far, the weight and
importance of each of the dimensions and criteria have not
been specified. Considering the weight and importance of
each dimension and criterion based on the degree of will-
ingness of citizens to use the data so far has not been
considered in previous research. In this study, different and
comprehensive dimensions and criteria in improving the
quality of open government data and increasing the will-
ingness of citizens to use data as well as calculating the
importance of each criterion based on the analysis of a
complex network of citizens and open data providers are
presented. Also, after reviewing the obtained results, the
solutions and the causal relationships between them are
discussed.

3. Materials and Methods

In this research, the type of research based on the purpose is
applied research. In the first phase, library studies are
conducted to extract comprehensive dimensions and criteria
for improving the quality of open government data and
increasing citizens’ willingness to use the data. The statistical
population includes all articles related to the dimensions and
criteria for improving the quality of open government data
and increasing the willingness of citizens to use the data. The
probabilistic sampling method of simple random samples
has been used, and 10 articles in this field have been
reviewed.

In the second phase, the organizations, including all
government organizations and institutions present in the
open data portal (https://data.gov.ir/), are examined and the
data related to each criterion extracted in the first phase are
calculated for each organization. The number of government
organizations and institutions surveyed was 112.

In the third phase, the complex network of citizens and
government organizations and institutions providing open
data is analyzed. This network is a directional network. The
nodes in this network are citizens and government orga-
nizations and institutions, and the links represent data visits.
For example, in Figure 1, the citizen nodes are shown in
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FIGURE 1: A complex network of citizens and government orga-
nizations and institutions.

silver and the organizations nodes are shown in red. The link
from citizen i to organization j indicates that citizen i has
visited the published open data of organization j. In this
network, there can be directional links from citizen to an
organization or organization to another organization. But
there is no possibility of directional link between citizens or
organization to citizen in this network. It is also possible to
create a link from one citizen to several organizations,
meaning that one citizen can view data from multiple
organizations.

Degree centralization has been used to identify orga-
nizations whose data are more desirable. The absolute degree
centrality of node vi is calculated as follows [15]:

cp (i) = degree o f vertexi. (1)

The relative degree centrality of node vi can be calculated
as follows [15]:

¢p (1)

(n-1y

In formula (2), n—1 is the largest possible degree of a
network with n nodes. This information can be extracted
through the open data portal based on the number of visits
to the data set that each organization has provided openly.

In the fourth phase, data mining techniques were used to
extract the data characteristics of the organizations that were
more interested (had a higher degree centrality). For this
purpose, regression model has been used. The criteria
extracted in the first phase were used as attributes, and the
data extracted in the second phase, which are the data of
organizations based on each criterion, were used as a record.
The “visit rate” attribute has been used as a label. The output
of this model is the coefficients related to each quality
criterion that determine the weight and importance of that
criterion.

In the fifth phase, the results are reviewed and solutions
are presented. For this purpose, field methods and

Cp(i) = (2)
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multicriteria decision-making techniques have been used.
The DEMATEL technique was used to identify the cause-
and-effect relationships between the solutions. The research
process diagram is shown in Figure 2.

Also, the reasons for using each method stated in the
research process are summarized in Table 1.

4. Results and Discussion

This section deals with the results of the five phases described
in the previous section and discusses them.

4.1. Extracting Comprehensive and Effective Criteria in the
Quality of Open Government Data and Increasing the Will-
ingness of Citizens to Use the Data. In this section, com-
prehensive and effective criteria for the quality of open
government data and increasing the willingness of citizens to
use data in three dimensions of open data, data transpar-
ency, and interaction are stated. References related to each
dimension and criterion are also specified.

4.1.1. Open Data

(1) Data Accuracy [10, 16]. This dimension deals with the
originality of the data, the absence of lost data, and the up-
to-datedness. Missing data prevent the use and reuse of data
and have a major impact on the quality of programs that
reuse data. The following criteria relate to the data accuracy
dimension:

(a) Data originality [11, 16].
(b) Lack of missing data [10].

(c) Up-to-datedness [10, 16, 17]: this criterion evaluates
the up-to-datedness of the data in the published data
set. For each O; organization, this score is calculated
based on data published in the last five years using
formula (3). T; represents the number of data
published in j years ago.

oi=g<1-%>ij. 3)

(2) Discoverability [10]. Discoverability dimension deals
with tools and mechanisms that increase data access and
search. In other words, users should be able to search and
access the relevant data set in a simple and efficient way. This
will not happen if the metadata is not provided. Metadata
provides a better understanding of the importance of data
and data structure and helps users access the data they need
[18]. Assessing the discoverability dimension requires a
thorough evaluation of the descriptive metadata and the
availability of data access features. The following criteria
relate to the discoverability dimension.

(a) Metadata completeness [9, 10, 17, 19]: this criterion
evaluates the completeness of descriptive metadata.
For each data set, the completeness of the descriptive
metadata fields is evaluated. These fields include title,
description, tags, publisher, and more.
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FIGURE 2: Diagram of the research process.

TaBLE 1: Reasons for using each method in the research process.

Phase Method Reason for using the method
. . The reason for using library studies has been to extract comprehensive and
1 Library studies S . o .
effective dimensions and criteria in the quality of open government data.
Extracting oreanizations’ data based on the The reason for extracting the data of the organizations in the open data portal was
2 § org to identify the characteristics of each organization. In fact, the data of this phase

criteria obtained from phase 1

constitute attributes in phase 4.

In addition to the data extracted in phase 2, which identifies the characteristics of
each organization, it is necessary to identify the organizations whose data have

Analysis of the complex network of citizens and been most desired and used by citizens. For this purpose, the indegree of each

organizations organization in the complex network of citizens and organizations, which
indicates the number of visits to the data of the organization, has been used. In
fact, the data of this phase form the labels in phase 4.

Using data mining techniques

After extracting the data from phase 2 as attributes and the data from phase 3 as
labels, it is necessary to analyze the data in order to identify the positive or
negative impact of each attribute on the label (number of visits) and also to

calculate the weight and importance of each attribute.

Field method to provide solutions

The reason for using this phase is to extract solutions and identify cause-and-
effect relationships between the solutions in order to improve citizens’ interaction
with open government data. Identifying the cause-and-effect relationships
between solutions will help managers spend more time and cost on the solutions
that have the greatest impact on other solutions.

(b) Data access [9-11, 17]: this criterion evaluates the (3) Richness of Information [10]. Richness of

existence of attributes that increase data discovery,in ~ information measures the extent to which a user needs

particular, the existence of three attributes: search,
sort, and filter, which receive their value in the range
[0, 1] according to the existence of these attributes.

are met in terms of the amount of data. The following
criteria are related to the richness of information
dimension.



(a) Number of data sets [10, 11, 17, 19]: this criterion
evaluates the number of data sets that an organi-
zation has openly provided.

(b) Number of categories of data sets [19].

(c) Data subject matter [19]: citizens may be more in-
terested in some issues. Based on the open data
portal survey, the subjects of the entire data set were
extracted as follows:

(i) Heights
(ii) Planning
(iii) Water effects
(iv) Animal and plant ecology
(v) Borders
(vi) Images/maps/land cover
(vii) Location
(viii) .Weather
(ix) Society
(x) Health
(xi) Management
(xii) Environment
(xiii) Farming
(xiv) Science and research education
(xv) Energy
(xvi) Structure
(xvii) Economy
(xviii) Transportation
(xix) Earth sciences

(d) Data request ability [7, 10]: this criterion measures
the degree of openness to user requests. In other
words, it examines the possibility of allowing users to
request new data sets. Depending on the availability
of the data request, two values of 1 or 0 are assigned.

4.1.2. Data Transparency

(1) Reusability [10, 16]. The value of open government data is
realized only after its reuse [3]. Open government data are
considered reusable when the data are released under an
open license and there is unrestricted access, reuse, and
redistribution of data. It must also be published electroni-
cally and machine-readable. Reusability also deals with
features that provide an easy way to reuse data, such as
applications and the API (Application Programming In-
terface). The following criteria relate to the reusability
dimension:

(a) License openness [10, 16]: this criterion evaluates the
openness of the data set license for reuse.

(b) Format openness [10, 16, 19]: this criterion evaluates
the openness of the data format. For each D,, data set,
the FOI,, score based on the data format is assigned
as follows:

- If the format is machine-unreadable: FOI,, =0 (e.g.,
PDF).

- If the format is machine-readable: FOI,, =1 (e.g.,
JSON, CSV).

(c) Free [16].

Complexity

(d) Nondiscriminatory [11, 16]: access to and reuse of
data are the same for all individuals and legal entities.

(2) Understandable [16]

4.1.3. Interactivity

(1) Feedback [10, 16, 17]. This criterion examines the exis-
tence of features related to collaboration, feedback, and
evaluation and assesses the existence of three possibilities:
commenting on the data set, ranking the data set, and
feedback on the portal.

(2) Visualization [10, 17, 19]. This criterion evaluates the
existence of visualization tools and features such as maps,
diagrams, or programs for visualizing and interacting with
data.

4.1.4. Chart of Comprehensive and Effective Criteria in the
Quality of Open Government Data and Increase the Will-
ingness of Citizens to Use the Data. Figure 3 shows a chart of
comprehensive and effective criteria expressed in the quality
of open government data and the increasing willingness of
citizens to use the data based on the dimension, criteria,
reference, and year of publication of the reference.

4.2. Extracting Organizations’ Data Based on the Extracted
Criteria. In this phase, the data of government organiza-
tions and institutions present in the open government data
portal are extracted based on the criteria extracted in the
previous phase. The number of organizations in this portal
that provide open data was 112. Figure 4 shows a data
extraction of government organizations and institutions
present in the open government data portal based on the
stated criteria.

4.3. Analysis of the Complex Network of Citizens and Gov-
ernment Organizations. In this phase, the complex network
of citizens and government organizations and institutions
present in the open government data portal were examined.
In order to identify organizations and government insti-
tutions with a high degree centrality, input links from cit-
izens to organizations that represent the indegree of each
organization were calculated. This information was available
based on the number of visits to each organization’s data set
in the open government data portal. Figure 5 shows a view of
the extracted data, the number of visits to each organization,
and its data set.

4.4. Using Data Mining Techniques to Calculate the Weight
and Importance of Each Criterion. After extracting com-
prehensive and effective criteria in the quality of open
government data and increasing the willingness of citizens to
use the data, as well as extracting data from government
organizations based on these criteria and calculating the
number of visits to each organization’s data set based on the
complex network analysis of citizens and organizations, the
weight and importance of each criterion need to be deter-
mined. As mentioned earlier in this study, we intend to
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Data originality —— (Veljkovi¢ et al., 2014; Vetro et al., 2016)

Lack of missing data  |—— (Dahbi et al., 2018)

Data accuracy

(Veljkovi¢ et al., 2014; Dahbi et al., 2018;
Huang et al., 2019)

Up-to-datedness ~ ——

(Dahbi et al., 2018; Huang et al., 2019;

Metadata completeness Zhang et al., 2020; Saxena, 2018)

(Dahbi et al., 2018; Huang et al., 2019;

D I
ataaccess Zhang et al., 2020; Vetro et al., 2016)

Discoverability

|
Open data
|

(Dahbi et al., 2018; Huang et al., 2019;
Vetro et al., 2016; Saxena, 2018)

— Number of data sets +——

|| Number of categories of (Saxena, 2018)
data sets

—— Data subject matter ~(—— (Saxena, 2018)

(Veljkovi¢ et al., 2014; Dahbi et al., 2018;

| Up-to-datedness Huang et al., 2019)

Richness of information

L+ Datarequestability (—— (Dahbi etal, 2018; Zhang et al., 2020)

—  License openness  |—— (Veljkovi¢ et al., 2014; Dahbi et al., 2018)

(Veljkovic et al., 2014; Dahbi et al., 2018;

—  Format openness — Saxena, 2018)

Reusability

— Free —— (Huang et al,, 2019; Zhang et al., 2020)

L~ Non-discriminatory |—— (Veljkovi¢ et al., 2014; Vetro et al., 2016)

Data transparency

— (Veljkovic¢ et al., 2014)

Comprehensive and effective criteria expressed in the quality of open
government data and the increasing willingness of citizens to use the data

Understandable

(Veljkovic et al., 2014; Dahbi et al., 2018;
Huang et al., 2019)

Feedback

Interactivity

(Dahbi et al., 2018; Huang et al., 2019;
Saxena, 2018)

Visualization

F1GURE 3: Chart of effective criteria in the quality of open government data and increasing the willingness of citizens to use data based on
dimension, criteria, reference, and year of reference.

calculate the weight and importance of each criterion based identified. Then, the characteristics of this data set are
on the degree of willingness that citizens have so far from the ~ extracted, and based on this, the weight and importance of
data set of each organization. In this way, first the datasetsof =~ each criterion are determined. Therefore, the criteria
the organizations that have been desired by the citizens are  extracted in the first phase are considered as attributes. The
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FIGURE 4: View of the extracted data of organizations based on each criterion.
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Fi1GURE 5: View of the extracted data, the number

records include the data extracted from each organization
based on these criteria, which were extracted in the second
phase. The “number of visits” attribute has been used as a
label. Also, the names of government organizations and
institutions are considered as ID. In this phase, the re-
gression model is used to analyze the data and calculate the
weight and importance of each criterion. The output of this
model is the coeflicients that determine the weight and
importance of each criterion. Rapid Miner software has been
used for this purpose. Figure 6 shows the operators used in
this software.

The Split Data operator is used to divide the data into two
sets of training and testing data. 70% of the data were
considered as training data, and the remaining 30% as test
data. Figure 7 shows the training data, including attributes,
records, IDs, and labels. The number of training data was 78,
which were randomly selected from a total of 112 available
cases.

The linear regression operator is used to analyze the data
and calculate the regression coefficients. Figure 8 shows the
coefficients. The positive sign of the coefficient indicates the
positive effect of the specified criterion on the label, which is
the number of visits to the data set. The more positive and
larger the coefficient of a criterion, the greater its impact on
increasing the number of citizens visiting open government
data. A negative sign indicates the negative impact of a

Soace Research Institute :

of visits to each organization, and its data set.

specified criterion on the number of visits. The negative and
larger the coefficient of a criterion, the greater its impact on
reducing the number of visits to open government data.

As can be seen in Figure 8, the “society subject” criterion,
with a coeflicient of 72,564 and a positive sign, had the
greatest impact on the label, which is an increase in the
number of visits to open government data. This means that
citizens were more interested in data sets that were relevant
to the society. After that, the criterion of “format openness”
with a coefficient of 52.682 and a positive sign has the second
rank in increasing the number of visits. Therefore, citizens
were more interested in data sets that can be read by a
machine. Criteria for “metadata completeness,” “number of
data sets,” “understandable,” “data originality,” “free,” “lack
of missing data,” “nondiscriminatory,” and “open license”
being a positive sign, they gained the next ranks in increasing
the number of visits to open government data. The im-
portant point is that the criterion of “number of categories of
data sets” has a negative sign, which means that citizens are
more inclined to data set that is more focused on a particular
subject. Also, the “farming subject” with a negative sign and
a coeflicient of 160.413 had the most negative impact on the
number of open government data views. This means that
citizens were reluctant to visit the farm data set.

In order to evaluate the regression model and to
evaluate the accuracy of the obtained coeflicients, test data
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FIGURE 7: Training data.

were used. 30% of the total data were used as test data. The
number of test data was 78, which were randomly selected
from a total of 112 items. Figure 9 shows the test data with
the predicted rate for the label, which is the number of
visits of open government data using the regression
model generated. The actual number of visits is also
shown.

normal root-mean-square error (NRMSE) was 0.014 (1.4%),
which, according to [20] because it is less than 10%, indicates
the desired state of the regression model.

4.5. Solutions. In this section, solutions to increase citizens’

Root-mean-square error (RMSE) was also used to
evaluate the generated regression model, which was equal to
1998.435. According to the obtained RMSE, the value of

visits to organizations’ data sets are stated. This section
includes extracting solutions through library studies, as well
as identifying the cause-and-effect relationships between the
solutions based on the DEMATEL technique.
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Attribute Coefficient  Std. Error Std. Coeffici... Tolerance t-Stat p-Value Code
Number of data sets 10.349 9.285 53.912 0.051 1.115 0.385
Number of categories of data sets -24.826 344183 -21.768 0.979 -0.072 0.943
Metadata completeness 11.196 9.285 58.323 0.051 1.206 0.322
Data access -43.375 7.264 -263.771 0.856 -5.971 0.000 i
Data originality 8.719 9.285 45421 0.051 0.939 0.360
Lack of missing data 8.306 9.285 43.268 0.051 0.895 0.383
License openness 8.053 9285 41.949 0.051 0.867 0.397
Format openness 52.682 7.088 401.612 0.997 7.432 0 i
Understandable 8773 9285 45.699 0.051 0.945 0.357
Free 8.402 9.285 43767 0.051 0.905 0.377
Non-discriminatory 8.085 9.285 42117 0.051 0.871 0.395
Borders subject -77.242 245458 -352.390 1.000 -0.315 0.757
Images / Maps / Land cover -12.094 167.598 -52.889 1.000 -0.072 0.943
Location subject -27.968 220.930 -145792 1.000 -0.127 0.901
Society subject 72.564 124.799 384.651 0.998 0.581 0.569
Health subject -9.888 71.144 -72.756 1.000 -0.139 0.891
Management subject -42.155 42181 -270.373 1.000 -0.999 0.330
Farming subject -160.413 31.526 -1406.931 0.997 -5.088 0.000 o
Science and research education su -25.032 80.365 -90.318 1.000 -0.311 0.760
Energy subject -41.681 83.672 -158.187 0.999 -0.498 0.625
Structure subject -59.139 22.011 -430.373 0.997 -2.687 0.011 o
Economy subject -34.340 22894 -203.815 0.997 -1.500 0.177
Transportation subject -26.228 93.489 -68.123 1.000 -0.281 0783
(Intercept) 56.208 o ? ? 0 1

FIGURE 8: Regression coefficients based on each criterion.
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FIGURE 9: Test data with the predicted value of the label and the actual value of the label.

4.5.1. Extraction of Solutions. Most of the challenges, such  are that government organizations are reluctant to share
as the lack of up-to-date data, the small number of datasets  their data. The following are solutions and incentives to
presented, the lack of items such as data visualization, etc., encourage government organizations to share data.
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FIGURE 10: The direct-relation graph of solutions.

(1) Need for Human Resources [21-23]. External human
resources, such as expertise and ideas, are vital to gov-
ernment organizations pursuing service innovation. Hu-
man resources include the manpower, ideas, knowledge,
and skills needed to achieve the goals of the organization.
Government organizations are looking for human re-
sources and individuals to come up with ideas to help
innovate public services. Therefore, it is necessary for
government organizations to increasingly trust the ex-
pertise of foreign innovators to innovate services.
Therefore,

(i) The relative need for human resources has a positive
relationship with the dependence of the government
organizations on foreign innovators. The greater this
dependence, the more organizations will have to
provide government data more openings to attract
foreign innovators.

(2) Need for Financial Resources [21, 24, 25]. Financial re-
sources here refer to the monetary capital needed by gov-
ernment organizations to achieve their goals of service
innovation. Therefore, government organizations may rely
on external sources for financial assistance. Therefore,

(i) The need for financial resources is positively related
to the dependence of government organizations on
external resources. The greater this dependence, the
more organizations will have to provide more open
government data to attract external financial
resources.

(3) Need for IT Resources [21]. The use of IT resources for
innovative activities in the services of government organi-
zations is very important. For example, IT resources such as
sensors and servers are essential for organizations seeking to
innovate in smart city services. Government organizations
may need external resources to provide IT resources for
service innovation. Therefore,
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(i) The relative need for IT resources has a positive re-
lationship with the dependence of the government
organizations on external resources. The dependence
of government organizations on external sources is
also positively related to the dissemination of open
data.

(4) Need to Obey Higher Authorities [21, 26]. One of the main
factors in the involvement of government organizations in
providing open data is higher authorities (for example, local
and national governments) who implement formal and
informal policies to influence organizations in data sharing.
Such regulations or even the informal policies of higher
authorities create institutional pressures on government
organizations that shape their behavior. Therefore,

(i) The need for government organizations to follow
higher authorities is positively related to its open data
publishing behavior.

(5) Need to Create Transparency [21, 27]. It is expected that
government organizations’ need for transparency will affect
their open data behaviors. This is the freedom of information
(FOI), which is recognized by the United Nations as a
fundamental human right. When government organizations
share their data with the public through open government
data initiatives, citizens can control their activities and thus
meet their need for transparency. Therefore,

(i) The need for transparency in government organi-
zations is positively related to its open data pub-
lishing behavior.

(6) Reducing the Sensitivity of the Organization’s Work
Operations [21, 28-30]. The specific work operations of a
government organization affect its data-opening behavior.
Some government organizations hold and process sensitive
information because of their operations in government,
which can restrict the provision of open government data.
For example, government organizations related to health
care need to process private information such as patients’
medical records and background information. Similarly,
government organizations working in national security,
such as defense agencies, deal with limited information.
Accordingly, the more sensitive the operations of organi-
zations, the less data sharing will result. Therefore,

(i) The sensitivity of a government organization’s op-
eration is negatively related to its open data sharing
behavior.

4.5.2. Analysis of Cause-and-Effect Relationships between
Solutions Based on DEMATEL Technique. In this section,
the solutions are examined based on the cause-and-effect
relationships they have with each other. Identifying the
cause-and-effect relationships between solutions will help
managers invest more in solutions that have a greater impact
on other solutions. The DEMATEL technique has been used
for this purpose. Figure 10 shows the direct-relation graph of
solutions based on the DEMATEL technique.
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TaBLE 2: The degree of causality and effectiveness between the solutions.
R J R+)) R-))
R-J>0 — definite
Solutions Degree of Degree of Sum of causality and cause
causality effectiveness effectiveness R-J<0 — definite
effect
Need for human resources 0.5 1 1.5 -0.5
Need for financial resources 0 2.167 2.167 -2.167
Need for IT resources 1.25 0.667 1.917 0.583
Need to obey higher authorities 0.701667 0 0.701667 0.701667
Need to create transparency 1.291667 0 1.291667 1.291667
Reducing the sensitivity of the organization’s 0 0 0 0

work operations

TaBLE 3: Ranking of solutions based on the degree of causality, the degree of effectiveness, and the degree of interaction with other factors.

Rank Ranking based on the degree of causality

Ranking based on the degree of
effectiveness

Ranking based on the degree of interaction
with other factors

Need to create transparency
Need for IT resources
Need to obey higher authorities
Need for human resources
Need for financial resources
Reducing the sensitivity of the
organization’s work operations

A U R W

Need for financial resources
Need for human resources
Need for IT resources
Need to obey higher authorities
Need to create transparency
Reducing the sensitivity of the
organization’s work operations

Need for financial resources
Need for IT resources
Need for human resources
Need to create transparency
Need to obey higher authorities
Reducing the sensitivity of the
organization’s work operations

1.5
Need to create transparency
1
Need to obey higher o
05 authorities Need for IT resources
0@
05 15 ] 215
’_I\ _0.5 - ) —
= Reducing the Need for human
sensitivity of the resources
=1 organization's work
operations
-1.5 Need for financial
resources
-2
-2.5

R+J

FIGURE 11: Impact chart between solutions.

The degree of causality and effectiveness between the
solutions are shown in Table 2.

The ranking of solutions according to the degree of
causality, the degree of effectiveness, and the degree of in-
teraction with other factors is shown in Table 3.

According to Table 3, the “need to create transparency”
solution has the greatest impact on other solutions. The
“need for financial resources” solution is most affected by
other factors. Also, the “need for financial resources” so-
lution has the most interaction with other solutions. The
R -] is positive for “need for IT resources,” “need to obey
higher authorities,” and “need to create transparency.”
Therefore, these solutions are causes in system. R —] is also

negative for “need for financial resources” and “need for
human resources” solutions. Therefore, these solutions are
the effects in the system. In Figure 11, by considering (R + J)
on the horizontal axis and (R—-J) on the vertical axis, the
final position of the solutions in the system is specified.
Factors above the axis (R+]) are the causes and factors
below the axis (R +]) are the effects.

5. Conclusion

Despite the fact that some governmental organizations and
institutions provided their data openly, the interaction of
citizens with open government data was not favorable. This
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issue can be caused by various factors such as the subject of
the data set, the lack of format openness, the lack of up-to-
datedness, and the lack of use of visual tools. Therefore, it is
necessary to determine the effective criteria for the quality of
open government data and increase the willingness of cit-
izens to use the data. Unfortunately, each research has fo-
cused only on a specific dimension of open government data,
and there is no comprehensive set of criteria. Also, the
importance of each dimension and criterion is not con-
sidered. More importantly, the weight and importance of
each criterion have not been calculated based on citizens’
preferences to use different open government data. Also, the
solutions and the importance of each of them have not been
studied.

In this research, in the first phase, by studying and
reviewing the articles, comprehensive and effective criteria
were extracted in the quality of open government data and
increasing the citizens’ willingness from the data. The cri-
teria extracted were included: “data originality,” “license
openness,” “up-to-datedness,” “data access,” “metadata
completeness,” “number of data sets,” “format openness,”
“nondiscriminatory,” “understandable,” “number of cate-
gories of data sets,” “free,” “lack of missing data,” “data
request ability,” “visualization,” “feedback,” and “data
subject matter.” In the second phase, the data of 112 gov-
ernmental organizations and institutions present in the open
government data portal were extracted based on each of the
stated criteria. In the third phase, in order to identify the
organizations and their data sets that were most desired by
citizens, the complex network of citizens and government
organizations and institutions was analyzed. In order to
identify organizations and government institutions with a
high degree centrality, input links from citizens to organi-
zations that represent the indegree of each organization were
calculated. This information was available based on the
number of visits to each organization’s data set. In the fourth
phase, data mining techniques including regression model
were used to identify the data characteristics that were most
desired by citizens. The output of the model was a coefficient
that determined the positive or negative impact of each
criterion as well as the weight and importance of that cri-
terion. According to the results, the criterion of “society
subject” with a coefficient of 72.564 and a positive sign had
the greatest impact on increasing the number of citizens’
visits to open government data. After that, the criterion of
“format openness” with a coefficient of 52.682 and a positive
sign has the second rank in increasing the number of visits.
Criteria for “metadata completeness,” “number of data sets,”
“understandable,” “data originality,” “free,” “lack of missing
data,” “nondiscriminatory,” and “license openness” being a
positive sign gained the next ranks in increasing the number
of citizens visiting open government data. The “number of
categories of data sets” coefficient had a negative sign,
meaning that citizens were more inclined to have a data set
that focused more on a particular subject. Also, the “farming
subject” with a negative sign and a coefficient of 160.413 had
the most negative impact on the number of citizens’ visits to
open government data. Most of the challenges faced by
higher ranking criteria such as format openness, small data
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sets, lack of data updates, etc., were that organizations were
reluctant to present their data openly. Therefore, in the fifth
phase, it was stated to provide solutions and incentives to
increase the willingness of organizations to present their
data openly. Based on the study and review of articles, six
solutions include “need to create transparency,” “need for IT
resources,” “need to obey higher authorities,” “need for
human resources,” “need for financial resources,” and “re-
ducing the sensitivity of the organization’s work operations”
were extracted. Also, the cause-and-effect relationships
between solutions were identified using the DEMATEL
technique. Based on the results, the “need to create trans-
parency” solution has the greatest impact on other solutions.
The “need for financial resources” solution is most affected
by other factors. Also, the “need for financial resources”
solution has the most interaction with other solutions.

Extracting comprehensive and effective criteria in im-
proving the quality of open government data and increasing
citizens’ willingness to use data, calculating the weight and
importance of each criterion by analyzing the complex
network of citizens and organizations, as well as providing
solutions, can help managers make proper decisions and
manage complex systems of citizens, government organi-
zations, and institutions providing open government data in
order to increase citizens’ willingness to use the data and
reap the benefits of open government data.
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