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Abstract: The availability of open, relevant, and up-to-date public data is becoming an increasingly
important dimension of national competitiveness and sustainable development. It serves as a foun-
dation for novel technologies, such as big data analytics, machine learning, and artificial intelligence,
to take root and flourish, and it can help improve the quality and efficiency of government decision
making and render governments more transparent and accessible to the public. Often referred
as Open Government Data, or OGD, governments around the world have committed resources
to constructing various OGD platforms. However, building a robust and effective OGD system
has proved difficult, as the promise of OGD has not been realized fully around the world. At this
important juncture, this study aims to explore the relationship between national technological and
organizational capacities and environmental factor and the quality of OGD systems. In addition,
national innovativeness and the degree of “globalization” in a country and their moderating effects
between the predictors and OGD performance are examined. Our findings indicate strong positive
effects of national technological capacity, government organization capacity, and globalization on
OGD quality and a positive moderating effect of national innovativeness.

Keywords: innovation; moderating effects; open government data; technology-organization-
environment framework

1. Introduction

The increasing availability of public government data offers internal and external
stakeholders a broad range of opportunities. Often coined as Open Data (OD) or Open
Government Data (OGD), this increasing practice of making government data open and
available to the general public aims to create a more transparent and accessible govern-
ment. In addition, OGD enables the government, citizens, businesses, and researchers
to understand various public and social problems in a novel way and allows the govern-
ment to use advanced and emerging information technologies (e.g., big data analytics,
machine learning, and artificial intelligence) to facilitate a more effective and efficient
government decision-making process. The open nature of OGD can promote citizen partic-
ipation, government transparency, and service delivery [1–8] as key paths to sustainable
development [9–12].

With the rising demand for OGD, governments around the world have devoted
resources to building open government data platforms. However, they face various chal-
lenges in establishing effective open government data systems, and the promise of open
government data has not been sufficiently realized across countries [13,14]. With the back-
drop of increasing open data practice around the world, this study aims to determine
the performance of OGD systems using the technology-organization-environment (TOE)
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framework [15] and explore the moderating effect of the national innovative capacity
(“innovativeness”) between the TOE dimensions and OGD performance using panel data
across 115 countries from 2013 to 2016 [16–19]. In the following section, this study explores
the literature on OGD definitions and concepts, existing OGD evaluation models, and
key factors that are thought to determine the performance of OGD. Then, this study intro-
duces our theoretical framework, data and methodology, and discusses the findings from
the analysis.

2. Literature Review

In this section, we will first examine three main research trends related to OGD. The
first section will provide various definitions of open data as well as different initiatives and
polices associated with opening government data across the world. The second section
provides an overview of different open data evaluation models. The last section will discuss
the determinants and factors that impact the performance of open data.

2.1. Open Government Data: Definitions and Concepts

There are several ways to define Open Data, however, the main concepts are similar.
The Open Data Handbook describes Open Data as “data that can be freely used, reused
and redistributed by anyone- subject only, at most, to the requirement to attribute and
share alike” [20]. In 2013, the Office of Management and Budget (OMB) stated “Open
data refers to publicly available data structured in a way that enables the data to be fully
discoverable and usable by end users” [21]. Similarly, Data.Gov.UK defines Open Data
as “Open data is data that is published in an open format, is machine readable and is
published under a license that allows for free reuse”, and the Open Data Institute defines
the term as “information that is available for anyone to use, for any purpose, at no cost.”

A set of general principles for open data has been established even though there
are many definitions. In 2007, 30 leading open government advocates agreed that open
government data should comply with eight principles, the data should be: complete,
primary, timely, accessible, machine processable, non-discriminatory, nonproprietary,
and license-free. In sum, the main concepts of these eight principles emphasize that:
(1) “Government data is any data and information produced or commissioned by public
bodies”; and (2) “Open data are data that can be freely used, re-used and distributed by
anyone, only subject to (at the most) the requirement that users attribute the data and that
they make their work available to be shared as well” [22].

In recent decades, the concept of “Open Government Data” has become a global trend
among public and private sectors, leading countries such as the USA, Australia, China,
and South Korea to set it as an important development agenda [23]. The Office of the
Australian Government claims that information is considered the “lifeblood of a robust
democracy and productive economy [24]”. Governments and societies have gradually
increased their appreciation of accessing public sector information and are following the
trend of opening data due to pressure for increasing transparency in public sectors and
sustaining good governance. In 2003, the EU introduced the first legislative initiative
of reusing and opening public sector information, aiming to remove barriers and make
information available to reuse [25]. This directive was further developed in the following
years, setting “opening by default” as one of the foundational principles. This inspired
more organizations and institutions to open data to the public, leading to a boost in the
data market that can take advantage of open information and big data technologies [25].

It also led to the dramatic increase in the number of open data initiatives, from 2 to
over 200 between 2009 and 2014 as well as membership in the Open Government Partner-
ship (OGP), from 8 to 69 from 2011 to 2016. The USA, as another OGD leader, released a
Memorandum on Transparency and Open Government and formed open government fed-
eral policies during President Obama’s administration in 2009, defining three foundational
principles: transparency, participation, and collaboration [26–28]. Advantages of opening
data can be found across many different dimensions. Researchers and practitioners have
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demonstrated the considerable benefits of opening government data for various stakehold-
ers such as citizens, business, researchers to understand public or private problems in a
novel way with advanced data technology [29,30].

Furthermore, opening data can contribute to obtaining and integrating required
information in a more effective and efficient way, which leads to a faster transition to a
knowledge-based and technology-based economy and society. From a broader perspective,
Open Government Data have the potential to increase economic development, government
transparency, and accountability, as well as to promote civil engagement [31].

2.2. Different OGD Evaluation Models

There is no single rule to address the performance of opening government data. Re-
searchers have continued to explore different evaluation models from various dimensions
throughout the years. The earliest evaluation study on OGD was published by Perez and
his colleagues in 2005. By analyzing European government financial data, the study pro-
vided extensive evidence of the advantages of web-based data, which remain applicable to
a broader concept of Open Government Data [32]. This study motivated Open Government
Data related organizations to finalize the principles and guidelines for data providers and
publishers [33].

While previous studies basically focused on providing principles and guidelines,
more recent research has started to provide detailed operational methods for evaluating
open government data. For example, The Open Data Index focuses on data quality and
standards by analyzing factors such as machine-readable format, data availability, free
use, license, and data quality [20]. The New York Metropolitan Transportation Council
used a more comprehensive model, addressing open data performance by exploring
accuracy, objectivity, believability, reputation, accessibility, access security, relevancy, value-
added, timeliness, completeness, amount of data, interpretability, ease of understanding,
concise representation, consistent representation, appropriateness of format, feedback,
and user support [34]. Vetro et al utilized datasets from Italy’s national and city portals
and conducted quantitative assessment based on seven criteria: completeness, traceability,
currentness, compliance, expiration, understandability, and accuracy [35].

The Open Data Barometer evaluates OGD through a model based on the readiness of
various stakeholders such as government, the public, and enterprise; open data implemen-
tation such as the availability of data sets, innovative data usage and data categories; as
well as its social, political, and economic impacts [36]. Louyrenco compared seven interna-
tional portals by analyzing their characteristics of data disclosure, quality, completeness,
access and visibility, usability and comprehensibility, timeliness, value and usefulness,
and granularity and comparability [37]. Nahon et al. explored 16 US portals based on the
factors of use coverage, rhythm, categorization, and feedback [38]. Donker and Loenen
analyzed the OGD ecosystem by evaluating criteria such as data supply and open data
governance as well as open data user characteristics [39]. The Open Data Maturity report,
released by the EU in 2018, analyzed 28 European countries based on four aspects: open
data policy, open data portal, open data impact, and open data quality [40]. Moreover, Ahn
and Chu introduced an evaluation model including aspects of government managerial
capacity and political and legal environment, borrowing concepts from Rosenbloom’s
public administration evaluation approaches [22]. These different models provide us a
comprehensive understanding of current trends in and the performance of OGD.

2.3. Determinants of Opening Data

The concept of open government is multidimensional, including accessibility, trans-
parency, and participation [41–43]. Based on this concept, scholars have categorized the
determinants that impact the performance of OGD into internal organization variables
and external environmental variables [43,44], which include structural organizational de-
terminants [45], cultural organizational determinants [46], and external environmental
determinants [47].
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Organizational capacity, technological capacity, and a centralized decision-making
model are the three main factors of structural organizational determinants. The first
structural determinant of innovation adoption is organizational capacity, which means that
organizations with higher capacity may be able to afford innovations more easily and may
have more freedom to experiment with innovation, since Moon and Norris suggest that
organizational capacity is positively related to e-government implementation and progress
and claim that organizational capacity is critical to open government initiatives [48].

The second structural determinant is technological capacity. The availability of tech-
nological capabilities and expertise in an organization is important to different levels of
opening government [49], and Layne and Lee argue that in order to fully open government
data, governments must develop advanced technologies. The third structural determinant
is the decision-making model in organizations [50]. Hall suggests that a centralized organi-
zations may limit the contribution of individual employees [51], and Damanpour claims
that centralization has a negative impact on innovation adoption since there is less room to
experiment with new technologies, which makes it less likely for centralized organizations
to be accessible and transparent [43,52].

Work routines, innovation culture, and external stakeholders are the three main factors
of cultural determinants. Grimmelikhuijisen and Feeney claim that a civil servant in an
organization with strong routines may insist on maintaining a stable work environment
and may be less used to risk taking, which have a negative relation to the adoption of
open government [43]. An innovation climate in an organization may enhance their
adoption level of opening government. Moon and Norris argue that innovation-oriented
governments tend to adopt new managerial and technological approaches faster. Being
open to external stakeholders is the third cultural determinant [48]. Mahler suggests that
a culture of openness to external stakeholders may contribute to the likelihood of open
government adoption [53].

Competition, coercive pressures, normative pressures, learning, and the political
environment are the five factors of external environmental variables. Competition between
governments may result in more open and transparent government [47,54]. Coercive
regulations and vertical political mandates also put pressure on governments to adopt
particular innovations [55,56]. The culmination of common practices, values, and norms can
also put pressure on opening government. Observing the experience of peer governments
and learning from them also can impact the adoption of innovation. Furthermore, political
competition could foster open government because it represents political power [57].

3. Theoretical Framework and Analysis Framework

In this section, we will explore the organizational level of innovation as well as a
broader dimension: the policy level of innovation for opening government data. We will
first introduce the theoretical framework that guides our study: the TOE framework, known
as Technology, Organization, and Environment, affecting the application of technology.
Moreover, national innovativeness is also considered as another driving determinant in
this research. An analysis framework will be introduced to show the relationships between
Open Data performance, these determinants, and how they influence the performance
of OGD.

3.1. Theoretical Framework
3.1.1. Technology-Organization-Environment (TOE) Framework

The TOE framework has been influential in explaining organizational adoption and
application by emphasizing the combined influence of technological, organizational, and
environmental factors [8,15,58]. The first component, technological factors, refers to Infor-
mation and Communication Technology (ICT) infrastructure, including the characteristics
of the technology itself and its relationship to the organization, focusing on the goodness
of fit of technology with the structural characteristics of the organization as well as the
application capability of the organization [59]. The second component of organizational
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factors is government capacity often defined by the quality of regulation, the rule of
law, organizational characteristics and resources, organizational size, formal/informal
institutional arrangements, and communication mechanisms [60]. The environmental
factors include aspects such as globalization, market structure, demand pressures, and
institutional environment.

3.1.2. Policy Innovation and Open Government Data

Grimmelikhuijisen and Feeney integrate and test theories on policy innovation diffu-
sion [55] and innovation adoption [49,57] in order to explain different dimensions of open
government such as accessibility, transparency, and participation. The definition of policy
innovation adoption is something new to the adopting organization [60], and this new
idea requires “up-front expenditure” of resources and a major change from established
routines [59]. Open government can be considered as a form of public sector innovation,
since it requires governments to adopt new technology, develop different relationships
with stakeholders, and accept potential risks.

Furthermore, organizations may experience pressure from the external environment
and deliberate organizational decision making that may push organizations to innovate.
The innovation adoption theory argues that it is a way to adapt in order to maintain or
improve organizational performance [56,57]. The policy innovation diffuse theory explains
that competition, normative pressure, coercion, and learning are mechanisms that cause
states to adopt policies developed in other jurisdictions [55]. To apply this theory to the
open data case, governments that do not remain competitive and adopt innovations may
lag behind their peers. For this reason, different levels of government may respond to
pressures from the external environment to become more open as well as more transparent,
accessible, and participatory.

3.2. Analysis Framework and Hypotheses

Most existing research only focuses on either organizational technology innovation
or policy level innovation. Our research combines these two different dimensions of in-
novation to address the evaluation of open government data. We constructed an analysis
framework based on the TOE and Policy Innovation frameworks, as shown in Figure 1.
Factors such as technical condition, organizational capacity, global environment, and policy
innovation work together to influence the performance of open government data. Hypothe-
ses based on each determinant in the framework will be discussed in the following sections.
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3.2.1. Technical Condition: ICT Infrastructure

The technical condition refers to the organization’s technical ability to organize in-
formation technologies. As government data openness involves data generation, data
collection, data distribution, and data usage, data openness is closely associated with the
technological aspect [9]. Governments face many technical challenges in the implemen-
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tation of open government data. A low data collection rate, low machine-readable data,
unintegrated database, and less standardized data hinder the further improvement of gov-
ernment data openness [61]. Appropriate ICT infrastructure, efficient data collection, data
cleansing techniques, and comprehensive data management technology systems play a
significant role in the success of open government data practices [62]. One empirical study
found that the ICT infrastructure level significantly correlated with government trans-
parency through opening data in 122 countries [63]. Therefore, having a data infrastructure
is a foundation to implement open government data.

Hypothesis 1 (H1). A higher level of the nation’s ICT infrastructure will be associated with a
higher level of open government data.

3.2.2. Organizational Condition: Government Capacity

Maintaining open government data is not just a technical issue. Technology is a
means to achieve a goal, and it is important to explore other important factors to avoid
falling into technical determinism. Open data applications and practices are influenced
by organizational forms, institutional arrangements, administrative processes, and organi-
zational culture influence [64]. Studies found that the culture of organizational support,
organizational compatibility, and fairness and innovation play a positive and significant
role in open government data practices [65–67]. Due to the influence of a conservative
culture, government departments tend to choose not to disclose data or to disclose fewer
data in specific practices to avoid responsibility.

An effective legal system is a gatekeeper to avoid violations and protect the security
of public data [68]. A vague legal framework and the lack of institutional standards will
decrease the willingness to open government data, restrict data value transformation, and
cause implementation of inappropriate methods [69]. A more mature institutional envi-
ronment increases the probability of adopting open government data policies [70]. Open
government data involve multi-departmental collaboration issues, so institutional norms
help agencies clarify authority and responsibility, establish collaboration mechanisms, and
ensure practical interagency collaboration [13]. The legal system would strictly enforce
all levels of government and directly contribute to open government data, ignoring the
fragmentation and selective implementation logic of local governments in implementa-
tion. These ideas inspire us to adopt a more comprehensive and multilevel theoretical
perspective and analyze the complex mechanisms affecting open government data in
more depth.

Open government data are under pressure from “stock opening” and “incremental
opening”, which requires strong government capacity to provide sufficient resources,
appropriate systems, and efficient execution to promote open government data. A case
study on open government data in the Philippines found that the lack of government
capacity has led to the emergence of untimely data updates, the inability to perform online
statistical analysis, and the absence of a typical release mechanism [71]. The finding claimed
that government capacity is a crucial factor affecting the level of open government data.
Government capacity in this study was defined as the ability to effectively formulate,
implement, and test open government data policies and practices. As a result, government
capacity should lead to increasing open government data.

Hypothesis 2 (H2). A higher level of government capacity will be positively associated with a
higher level of open government data.

3.2.3. External Environment: Globalization

As organizations are embedded in the social environment, their fundamental goals are
to adapt, survive, and develop their institutional settings to the changing environment [72].
Grounded by institutionalism, pressure from peers and superiors, public pressure, and
competitive pressure significantly impact the level of open government data [73–77]. Glob-
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alization has provided the necessary conditions for the open government data movement.
The example of open government data construction in Saudi Arabia presented how inter-
national standards for open government data can encourage the country to learn about and
promote an increased level of open government data development [78]. This case indicates
that international standards of open government data as an external environment would
pressure countries to align their open data development with international trends.

The McKinsey Global Institute termed this diffusion phenomenon as “digital global-
ization [60]”. The greater the degree of globalization, the greater the pressure on a country
to increase the level of open government data, which will lead to the strengthening of open
government data construction and an increase in the level of open government data in that
country. Globalization is driving governments to compete, learn, and imitate around open
government data. This study an effect of globalization on open government data.

Hypothesis 3 (H3). A higher level of globalization will be associated with a higher level of open
government data.

3.2.4. The Moderating Effects of Innovation

National innovativeness, or “innovation”, is an essential driver for the continued
openness of government data [5,61]. Countries such as the UK and the US hold open
government data application and design competitions every year to encourage innovation
and apply the best entries to public services, which significantly contributes to open
government data. Innovation has been constructed in a wide array of measures. The
narrow definition of innovation was characterized as the commercialization of technological
innovation [79]. Innovation capacity as soft power creates more socioeconomic value for
data utilization, which results in the improvement of open government data through
interacting with other predictors.

Adopting a broader view of innovation and being able to establish innovative policies
on OGD can lead to a better result in its performance. A country’s capacity for innovation
reflects its ability to transform ideas into new products, services, and policies. According
to Schumpeter’s innovation theory, the more innovative an organization is, the better it can
adapt to changes in the external environment, and the higher its capacity and performance.
Innovation capacity can effectively interact with ICT infrastructure, government capacity,
and globalization to improve open government data. Together, this study suggests that the
innovation level should moderate the relationship between the TOE dimensions and open
government data.

Hypotheses 4a–4c (H4a–H4c). A innovation level will moderate the relationship between the
TOE dimensions—(a) ICT infrastructure, (b) government capacity, and (c) globalization—and open
government data.

4. Methods
4.1. Data and Meaures

The data in this study were collected from several sources from 2013 to 2016, including
the Open Government Data Barometer provided by the World Wide Web Foundation,
the United Nations e-Government Survey, the Governance Index published by the World
Bank, the Global Competitiveness Index reported by the World Economic Forum, the
World Globalization Report published by the Swiss Federal Institute of Technology Zurich,
and the World Development Report. The unbalanced panel data were extracted from
115 countries.

The performance of OGD as a dependent variable was defined as the actual status
and stage of open public data development reported by the Open Government Data
Barometer which comprehensively assessed a country’s open government data readiness,
implementation, and impact. The ICT infrastructure variable as a proxy measure of
technological capacity was measured by the degree of e-government quality assessed by
the United Nations e-Government study. The government organizational capacity variable
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is an aggregate of six governance dimensions (i.e., accountability, political stability, control
of corruption, government performance, quality of regulation, and rule of law) reported
by the Worldwide Governance Indicators project [80]. Using an aggregated measure of
governance is considered a better indicator than the individual governance measures [81].
The globalization variable was measured by the Globalization Index that assessed the
extent of political, economic, and social globalization in a country published by the Swiss
Federal Institute of Technology Zurich.

The moderating variable, innovation, was measured by the innovation pillar from
the Global Competitiveness Index report published by the World Economic Forum [82].
It is often used to measure the level of technological innovation and included capacity
for innovation, quality of scientific research institutions, company spending on R&D,
university–industry collaboration in R&D, government procurement of advanced tech-
nology products, availability of scientists and engineers, and patent applications. At
the country level, lagging the independent and moderating variables were suggested for
empirical validation [83]. Thus, we lagged both variables by one year prior to the base
year compared to the dependent variable to control the time impact. Previous studies
noted that a country’s economic development heavily determined government operating
resources [84,85]. Therefore, Gross Domestic Product per capita was used to control for
such variation.

4.2. Empirical Analysis

This study employed moderated regression analysis to test the role of innovation in
the relationship between three predictors and open government data. Three panel data
regression models were tested in this study. All three predictors in Step 1 (Model 1) and
the moderator with three predictors in Step 2 (Model 2) were included. Model 3 included
all the predictors, the interaction terms, and the control variable. As three interaction terms
were included in our model, the presence of multicollinearity among main effects and
interaction terms was carefully tested with the variance inflation factor (VIF). All VIF scores
were below 5, so the results indicated that no corrective measures were necessary.

We ran the Hausman test to detect model misspecification between a fixed effects
model and a random effects model with panel data. The result of the Hausman test
confirmed that a fixed effects model was significantly consistent at the one percent level to
estimate the unbiased effects of independent variables controlling omitted variable bias
with interactive terms in this study [86].

5. Results

Table 1 summarizes the descriptive statistics of the data. The average openness of
government data score across 370 countries was 33.17. The overall openness was relatively
low, especially in data security, regulatory system, and data ecology. The gap between the
highest and the lowest score of open government data was wide from 0 to 100, even within
the developed countries group. As such, the open data movement in governments across
countries seemed to be slowly moving forward to make government more accountable
and transparent. The innovation measure scaled from 1 (not at all) to 7 (to a great extent)
averaged 3.664.

The mean value of ICT infrastructure development was close to the midpoint and
ranged from 0.03 to 1. The results indicated that more governments adopted ICT to deliver
public services, but variations among countries remained. The government capacity mea-
sure was scaled from −2.5 to 2.5, with higher values representing better governance. The
average government capacity for the data period was 0.192, which indicated little improve-
ment in the world average of government capacity. The average index of globalization
scaled from a minimum of 1 to a maximum of 100 was 68.83. The ranges of globalization
scores in this study varied across countries.
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Table 1. Descriptive statistics of variables.

Variables Mean SD Min. Max.

Openness of government data 33.17 23.61 0 100
ICT infrastructure 0.499 0.262 0.03 1.00

Government capacity 0.192 0.916 −1.62 1.87
Globalization 68.83 13.18 38.84 91.31

Innovation 3.664 0.920 1.89 5.79
Economic development (log) 9.48 1.18 6.77 11.76

Note: N = 370.

The regression results are presented in Table 2. In Model 1, the R2 value of 0.692
(F = 240.365, p < 0.001) indicated that the overall model sufficiently explained the vari-
ance in open government data. The main effects of all three independent variables were
positively significant for open government data at the 0.01 level. An advanced ICT infras-
tructure, higher organizational capacity, and intensive globalization made governments
more open, consistent with previous research [62,64,78]. The highest predictor of the level
of open government data among those variables was ICT infrastructure. Open government
data practice involves complex technical issues including data standards, data warehouses,
and data integration, so technological advancement would be a significant driving force.
Although this study did not hypothesize the direct effect of innovation on open government
data, Model 2 presented the supporting result of innovation on open government data at
the 0.05 level, which is consistent with existing studies [14].

Table 2. Regression analysis for the interaction of innovation.

Variables Model 1 Model 2 Model 3

Government capacity 10.117 ***
(1.509)

7.809 ***
(1.924)

16.293 **
(1.611)

Globalization 14.003 ***
(3.561)

4.200 ***
(1.113)

6.083 **
(1.751)

Moderator (Innovation) 3.694 **
(1.336)

9.186 **
(2.930)

Interaction effects
ICT infrastructure × Innovation

6.067 **
(3.881)

Government capacity × Innovation 15.810 ***
(2.402)

Globalization × Innovation 3.330
(1.038)

Economic development (control) 6.045 ***
(1.449)

6.604 ***
(1.449)

5.789 ***
(1.453)

R2 0.692 0.705 0.720
F 240.365 *** 210.800 *** 129.635 ***

R2 Change 0.003 0.015
F Change 30.565 *** 81.165 ***

Notes: N = 370; ** p < 0.05, *** p < 0.01; standard deviations in parentheses; R2 Change indicates the increases in
R2 in the model from the previous model.

The change in R2 value from Model 2 to Model 3 was 0.015 indicating that the con-
structed interactive model for testing moderation effects could explain the hypothesized
relationships in this study. The addition of the moderating effects of innovation signifi-
cantly increased 1.5 percent of the explanation of variance in open government data. As
hypothesized (H1), ICT infrastructure and innovation (H4a) significantly interacted to
predict open government data at the 0.05 level. The result confirmed that the positive
relationship between ICT infrastructure and open government data was strong when
the innovation capacity was high; the effect of ICT infrastructure was amplified by the
country’s innovativeness. In addition, government capacity (H2) and innovation (H4b)
significantly interacted with open government data at the 0.01 level. The result indicated
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strong evidence for the positive effect of government capacity on OGD performance and a
strong moderating effect of innovation in this relationship.

However, the predicted interaction of globalization (H3) was not confirmed, although
the coefficient indicated a positive relationship. Innovation did not have any significant
moderating impact on this relationship either.

6. Discussion

Our findings showed that ICT infrastructure was a necessary condition, rather than
a sufficient condition, as the government’s organizational capacity matters significantly
in maintaining a high performance OGD system. Postulated by the TOE framework,
external pressures, measured in the degree of globalization, exert significant impact on
OGD systems. Taking globalization into our conceptual model to analyze the level of open
government data at the country level was helpful in understanding how countries with
inadequate ICT infrastructure and economic development may become aware of their open
government status and prompt them to leverage their resources and programs to achieve a
better Open Government Data system.

Our analysis confirmed the significant moderating effects of innovation on the na-
tional ICT infrastructure and government organizational capacity. A well-developed ICT
infrastructure and high-performing governmental organizations in a country considerably
improved the performance of OGD, whose effects were amplified by the country’s innova-
tive capacity [62,65,66,87]. Notably, the moderating effect of innovation with government
capacity was much stronger than with ICT infrastructure indicating the importance of the
government’s organizational performance rather than the nation’s technological capacity.
On the other hand, the impact of globalization was dissipated when innovation took effect
in the model highlighting the comparative significance of national innovativeness over
the degree of globalization in the country. In both cases, our study found that national
innovativeness had a significant influence on OGD performance directly and through
TOE factors.

7. Conclusions

Opening government data is a critical element of modern government in our complex,
connected, and globalized world with the emergence of novel and potentially disruptive
technologies such as big data analytics, machine learning, cloud computing, and various
forms of artificial intelligence. OGD enables these new technologies to develop and mature
opening a potential pathway to a smart and AI-augmented digital government. It also
allows for more accessible and accountable government with increased data transparency.
This study found that ICT infrastructure, a government’s organizational capacity, and
environmental characteristics (globalization) all had positive and significant impacts on
OGD performance. Consistent with previous studies [62], this study implies that the
ICT infrastructure facilitates robust OGD systems and promotes efficient data production,
sharing, control, and data applications. ICT infrastructure serves as an important necessary
condition for successful OGD implementation.

This study expanded our understanding of factors that affect the performance of OGD
systems at the national level by applying the TOE framework and national innovativeness.
However, the limitation of our data, being relatively broad and abstract, prevented us
from looking deeper into this emerging practice. Examining our model with data with
greater details about each nation would shed more light on the nature of the relationships
identified in our study. Lastly, future study should examine the OGD phenomenon with
more recent data to reflect the rapidly changing technological landscape.
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