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1. Abstract
It is clear that sustainable e-government has become an important consideration for governments, and a
political buzz-phrase encompassing e-government literature and sustainability. However, existing e-government
literature on sustainability is sparse. A quantitative empirical study was conducted to survey the perceptions of
Saudi Arabian citizens with regard to the characteristics of sustainable e-government. Survey data gathered from
442 respondents were analysed to investigate their understanding of the importance of each of these
characteristics, allowing the identification of a set of key characteristics likely to influence citizens’ utilization of
sustainable e-government services. The study also investigated users’ perceptions of three key barriers to the
ability of policymakers to develop and adopt sustainable e-government systems. The most significant barrier
was found to be low public awareness of the benefits of sustainable e-government, followed by the inability of
governments to predict the needs of future generations of citizens, and their inability to meet current users’
needs. This study also seeks to rank the characteristics of sustainable e-government according to citizens’
perceptions of their priority. The ranking of sustainable e-government characteristics provides an authoritative
measurement to guide efforts to develop e-government systems by identifying key characteristics in terms of
their effects on the sustainability of e-government. The results indicate that the characteristics perceived to be
the most significant were usability, security, performance, transparency and flexibility, whereas respondents
were relatively unconcerned with the social, environmental and economic dimensions of the impact of the
software used in e-government systems. Participants were found to differ by gender in the priority they assigned
to the various characteristics. For example, females considered security to be the most important of the eleven
characteristics assessed, while males considered usability to be the most vital characteristic. These results can
be utilised in future as part of a framework for evaluating sustainable e-government. Furthermore, the
characteristics identified here can be used as a means of providing valuable feedback for the planning and
implementation of future sustainable e-government initiatives.
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2. Introduction
There is growing interest in sustainability and increasingly strong claims are made regarding sustainable
development (Leyh et al., 2014). The most frequently cited definition of sustainability is that of the UN
Commission on Economic Development in the Brundtland Report (Attah, 2010; Kates, 2010; Venters et al., 2014)
which states that sustainable development is “development that meets the needs of the present generation
without compromising the ability of future generations to meet their own needs” (Sheldrick, 2015, p.17).
Similarly, there is no agreed definition of software sustainability (Venters et al., 2014; Mahmoud and Ahmad,
2013; Calero and Piattini, 2015), nor of e-government (Ibrahim et al., 2015). Unsurprisingly, Dzhusupova et al.
(2011) report that there is no explicit definition of e-governance sustainability in the literature. The software
industry often equates the term ’sustainability’ with ‘green-ability’; however, they are conceptually different:
individual products and processes can be described as green, while sustainability refers to whole systems (Wang
et al., 2015).
Given the existing variability in definition and scope of e-government sustainability (Dzhusupova et al., 2011;
Estevez et al., 2013; Nurdin et al., 2016), it can be argued that the very notion of sustainable e-government is
immature. Dzhusupova et al. (2011) state that the scoping of sustainability and e-governance is still in the early
stages, while Larsson (2014) reports that sustainability has not been discussed before in relation to egovernment research.

In 2005, the Kingdom of Saudi Arabia (KSA) initialised a programme of e-government services called ‘Yesser’,
which interacts with over 170 organisations (Yesser, 2018; Alfayad and Abbott-Halpin, 2017) and whose aim is
to deliver a national e-government programme (Alfayad and Abbott-Halpin, 2017). Alghazi et al. (2017) report
that a national government strategy for 2030 has been launched by the KSA government for all government
arms and public-sector bodies, aiming to improve performance. A digital transition plan has been launched in
support of this 2030 Vision, with sustainable development a key consideration (MCIT, 2018).
It is clear that e-government systems will play an important role in the KSA’s transformation, providing more
transparency, efficiency and effectiveness. It will importantly involve the use of artificial intelligence and big data
in risk management and in ensuring quick and accurate decision-making. Greater awareness of the benefits of
ICT sustainability, including software sustainability, would enhance Yesser. However, setting sustainability as a
high-level strategic goal in ICT development would not by itself ensure sustainable solutions and could prove
problematic if practical guidance is not provided.

3. Literature review
3.1 Importance of sustainability within e-government
E-government is a way to improve national development (Khamis and van der Weide, 2017) and a fundamental
element of sustainable development (Stoiciu and Popa, 2012), promoting integrated services, considering
economic, social and environmental dimensions of sustainable development and supporting integration across
these dimensions (Alcaide Muñoz and Rodríguez Bolívar, 2018). It is clear that the focus on digital preservation
of e-government information is a significant contributor to sustainable development.

3.2 Characteristics of sustainable e-government
Calero and Piattini (2015) state that risk, security and safety are strongly related to sustainability. Moreover,
Dečman (2003) affirms that without user trust, e-government systems can become unsustainable. Abu-Shanab
and Al-Quraan (2015) studied the factors that influence e-government project continuity, asserting the
importance of complying with national plans, goals and objectives for sustainable development. Their findings
indicate that availability, participation and awareness are predictors of sustainability, whereas trust is not.
Moreover, they affirm that citizens’ participation makes a major contribution to e-government sustainability.
Contrary to these findings, trust is generally considered an important candidate characteristic of sustainable egovernment.
Stoll (2009) agrees that trust is an important factor in social sustainability and contends that usability is
important in sustaining systems. Razavian et al. (2014) state that to be sustainable, government e-services must
address the economic, social, environmental and technical dimensions. Koziolek (2011) argues that system
sustainability cannot be achieved unless the system is cost-efficient, maintained and supports evolution over its
lifecycle. Ashaye (2014) empirically studied e-government evaluation and implementation in developing
countries, identifying sustainability and transparency as important criteria during implementation. A review of
existing studies suggests that the characteristics of sustainable e-government are rarely highlighted explicitly
during projects and that they first need to be identified.

3.3 Sustainable e-government in developing countries
Citizens’ perceptions are important because they are major stakeholders in e-government (Almagwashi, 2014)
and participate in one of the four relationships within e-government, Government-to-Citizens (Zaidi et al., 2014).
However, Choi et al. (2014) warn of the complexity of studying stakeholder involvement.
There are several reasons for using Saudi Arabia as a case study for this research. Since it is a developing country
(Saxena, 2018), Sæbø (2012) makes a connection between e-government and improved sustainability, asserting
that introducing e-government in developing countries impacts sustainability in those countries. Furuholt and
Wahid (2008) argue that in developing countries, e-government research tends to focus narrowly on the success
or failure of system development, with little research into sustainability within e-government systems. Lessa et
al. (2015) report that many e-government projects become unsustainable, indicating their failure to meet
stakeholders’ aspirations and needs. Moreover, a qualitative study by Mkude and Wimmer (2015) comparing e-

government design and implementation in developing and developed countries found that all respondents
considered sustainability an important and significant factor which must be addressed appropriately. Helbig et
al., (2015) identify two challenges to the sustainability of e-government initiatives in developing countries,
namely the dependency on donations to fund initiatives and the difficulty of understanding citizens’ needs.
Dzhusupova et al. (2011) note that few studies have addressed the challenges which face developing countries
and influence sustainable e-governance initiatives, in both identification and mitigation.

3.4 E-government success, failure and sustainability
Dečman (2003) states that sustainable development is a factor in e-government success. Nurdin et al. (2016)
report that high failure rates of e-government projects in developing countries arise from a combination of
organisational, financial, human and infrastructure challenges. According to Lessa et al. (2015), e-government
systems in developing countries often fail because of poor understanding of the relevant success factors. Recent
research has shown that in 2010, 21% of software development projects failed, while 63% of projects were rated
as unsuccessful overall (Dalcher, 2014). In 2015, as many as 71% of projects were unsuccessful (Hastie and
Wojewoda, 2015). In response to the lack of research into e-government sustainability in developing countries,
the presented empirical study helps to identify sustainability characteristics and their importance from the
perspective of citizen stakeholders.

4. Methodology
Few studies have been conducted on sustainable e-government (Kumar & Best 2006; Larsson & Grönlund 2014).
This study represents the first large-scale quantitative survey in the KSA on sustainability. Its objective is to
identify and rank the characteristics of sustainable e-government in the KSA and barriers to its success. The
characteristics and barriers explored were identified by reviewing the existing academic literature. However,
this study breaks new ground by testing the relationship between these characteristics and sustainable egovernment within a KSA context. This empirical investigation is exploratory and forms part of a larger ongoing
PhD study aimed at the development of an e-government framework for sustainable development.
Wohlin et al. (2012) explain that an explorative survey is used to prepare for further detailed investigations, in
order to ensure that vital issues are not overlooked. Accordingly, quantitative instruments were designed and
non-probabilistic sampling was adopted in the data collection phase, because these are beneficial characteristics
of exploratory research, particularly when seeking to understand a new situation (Cummings and Sibona, 2017).
Multiple sampling strategies were used, in order to improve the quality and quantity of the responses.
The majority of the 88 items in the survey were of the closed type, to support more effective comparison of
results. These were of two kinds: five-point Likert scale questions and ranking questions. Davino and Fabbris
(2013, p.24) report that ranking individual items can provide an ‘absolute measurement’. Ranking questions can
however be challenging to respondents, since they require considerable effort in mapping, thinking, ordering
and trading off their choices. Some open questions were also included, to explore respondents’ opinions beyond
the limits of fixed responses. However, the scope of this paper is limited to the analysis of a subset of the results.
The reliability and internal consistency of the survey were assured by two methods: experts were asked to assess
its face validity and the Cronbach’s alpha internal consistency test was applied. Alpha values ranged between
.828 for the three items on barriers to adopting sustainable e-government systems and .874 for the nine items
on sustainable e-government systems. These are well above the 0.7 cut off value below which Hair et al. (2010)
suggest that consistency may be problematic. There were 442 responses in total, but no response rate could be
calculated because the questionnaire was deployed online, using snowball, convenience and volunteer
sampling.

5. Key findings
Analysis of the survey results was completed using SPSS. Table 1 ranks the results for the nine Likert scale
questions on sustainable e-government systems. The results are shown as means in rank order for brevity.

Table 1: Sustainable e-government
Rank
1
2
3
4
5
6
7
8
9

Questions/hypotheses
A high level of software sustainability in e-government will encourage users to use it.
Using a sustainable e-government system will increase my trust in the system.
A sustainable e-government system will increase the security of my information.
A sustainable e-government system changes in a dynamic way to meet stakeholders’
requirements.
Using a sustainable e-government system will maintain good performance.
System reliability increases the level of sustainability of the system.
Using a sustainable e-government system will reflect a good user experience.
Using a sustainable e-government system on PCs or smart devices will reduce energy
consumption.
Using a sustainable e-government system on PCs or smart devices will reduce resource
consumption.

Mean
4.37
4.36
4.32
4.31
4.29
4.26
4.20
4.05
4.01

Responses showed a positive relationship between the level of sustainability within an e-government system,
especially its software, and its adoption. Trust and security were found to be respectively the second and third
most important characteristics of sustainable e-government systems. This is consistent with Choi et al. (2014).,
who found that security and privacy must be considered in order to achieve a sustainable e-government system.
An exploratory study by Condori-Fernandez and Lago (2017) identified satisfaction in terms of trust as a very
important requirement for social sustainability in software-intensive systems. Similarly, Almarabeh and AbuAli
(2010) state that trust is an important factor affecting the success of e-government systems. However, our
results contradict those of another recent exploratory study, by Abu-Shanab and Al-Quraan (2015), who
conclude that while the perception of trust is an initial factor attracting people to use a system, it does not
contribute to the sustainability of e-government projects by making them more likely to continue to use it. They
nevertheless argue that trust is a social belief which could evolve in future.
Lessa et al. (2015) report that many e-government systems become unsustainable because they fail to satisfy
stakeholders’ needs (explored in hypothesis 4; see Table 1). In view of the importance of meeting stakeholders’
requirements, which can evolve over a system’s lifespan, system flexibility is an important characteristic of
sustainable e-government. The fifth most important characteristic of sustainable e-government, according to
the current survey, is performance. Rodrigues et al. (2016) found that the adoption of e-government increased
when the performance expectancy of e-government services was high.
The sixth most important characteristic was reliability, indicating a positive relationship with the level of
sustainability within e-government systems. Usability was ranked seventh, indicating less importance compared
to other studies, such as that of Venkatesh et al. (2012), who found usability to be a significant factor in
determining citizens’ intention to use services and be satisfied by them. Similarly, Condori-Fernandez and Lago
(2017) identify usability as an important aspect of social sustainability in software engineering development. A
review of other studies by Rodrigues et al. (2016) also found that usability was a key factor in effective egovernment systems. Our results are consistent with the literature in finding that the use of sustainable egovernment systems will reflect a better user experience.
The two characteristics which received the lowest scores concerned the environmental dimension of
sustainability, specifically the beneficial effects of sustainable e-government on the consumption of energy and
of resources. It is notable that relatively few respondents agreed strongly with either of these two items,
compared with those ranked more highly. This could be interpreted as revealing a degree of uncertainty and
lack of understanding of the environmental dimension and its characteristics, or of the whole concept of
sustainable e-government. A relatively high proportion (around a fifth) of respondents gave neutral responses
to these two items, showing that environmental issues are not clearly understood by KSA citizens. Venkatesh et
al. (2012) affirm that computer resource requirements have an important effect on citizens’ intention to use
services and their satisfaction with them. The lack of concern with the consumption of both resources and
energy in the present study places the environmental dimension as the least important in software sustainability
in the KSA. More and deeper investigation is needed into green software issues, their intertwining with the
sustainability of e-government and how members of society understand these concepts.

This area was explored further in a question exploring the difference between green-ability and sustainability.
Unsurprisingly, around 40% of respondents expressed no opinion about similarities and differences between
these concepts and a similar number had an incorrect understanding of the difference, despite definitions of the
two concepts being provided alongside the question. While the overall results show that using sustainable egovernment systems can reduce energy consumption on smart devices and PCs, this appears to be of little
interest from the perspective of users in the KSA.
The Spearman’s rank-order correlation coefficient (rs) was calculated to determine the relationship between the
importance of sustainability characteristics and the length of respondents’ experience with e-government
services (less than a year, 1-3 years, 4-6 years, over six years). The use of rs was appropriate because the results
were not normally distributed. We found a strong, positive correlation between experience of e-government
use and seven of the nine characteristics explored in Table 1, all statistically significant according to their rs and
p-values, as seen in Table 2.
Table 2: Spearman's rank-order correlation results for experience in using e-government and sustainable egovernment characteristics
Sustainable e-government characteristics
Trust
Performance
Resource consumption
Usability
Flexibility (Changing needs)
Sustainability increases adoption
Reliability

rs
.152
.119
.118
.163
.111
.106
.175

p
.001
.012
.013
.001
.020
.026
.000

The results in Table 2 show that trust, usability and reliability were the most strongly correlated with egovernment experience. Two characteristics, namely energy consumption and security, are absent from Table 2
because they were not significantly correlated with experience of e-government use.
Spearman’s rs was also calculated to determine the relationship between each sustainable e-government
characteristic and the strength of respondents’ knowledge of sustainability (none, poor, moderate, good, very
good). There was a strong, positive and statistically significant correlation between sustainability knowledge and
five characteristics, according to their rs and p-values (Table 3).
Table 3: Spearman's rank-order correlation results for sustainability knowledge and sustainable e-government
characteristics
Sustainable e-government characteristics
rs
p
Trust
.171 .000
Performance
.138 .004
Resource consumption
.117 .014
Usability
.211 .000
Reliability
.129 .007
Table 3 shows that the characteristics most strongly correlated with e-government experience were trust,
performance, usability and reliability. Overall, the results confirm the importance of awareness of the
sustainability concept and its relation with e-government.

5.1 Barriers
The study investigated three main barriers to the adoption of sustainable e-government, identified from the
literature, namely lack of awareness, inability to predict the needs of future generations and inability to meet
current users’ needs. The first barrier is related to policymakers’ mission to improve public awareness of the
benefits of using sustainable e-services, including e-government. Dzhusupova et al. (2011) found that there had
been little research into the challenges, including low awareness, facing developing countries in their efforts to
undertake sustainable e-governance initiatives. Abu-Shanab and Al-Quraan (2015) report a significant positive

relationship between citizens’ awareness of e-government projects and sustainability. Related research
indicates that in order to ensure that software engineering is sustainable, it is essential to raise awareness among
business analysts and developers of the benefits of sustainability in the software industry (Penzenstadler, 2014).
The second and third barriers arise from the pivotal importance of meeting users’ present and future needs
when developing sustainable e-government systems. Al-Khouri (2013) argues that existing practice in the egovernment field reflects the difficulties of ensuring that such complex systems meet current needs. Considering
the Brundtland definition of sustainable development cited in the introduction to this paper, sustainable egovernment systems must be designed to meet the next generation’s needs. However, it is unclear how they
can be expected to do so if their development does not satisfy current needs and take account of their dynamic
nature. These considerations highlight a number of issues which are critical to the sustainability of e-government
systems, namely predicting future needs, identifying the effects of existing e-government systems in the short
and long term and mitigating the negative influence of e-government services on the sustainability dimension.
Calculation of mean scores on survey items related to the above barriers reveals little difference among them in
their perceived importance. Respondents considered lack of awareness to be marginally the most important,
with a mean score of 4.1, followed by the government’s inability to predict future generations’ needs (4.0) and
its inability to meet current users’ needs (3.9). While failing to distinguish clearly among them in terms of
importance, the results are consistent with findings in the literature that these are three key barriers to
sustainable e-government.

5.2 Ranking
Respondents were asked to evaluate the characteristics of sustainable e-government discussed in Section 3.2
according to their priority. The proposed list was based on reviewing the literature on software sustainability
and e-government. Overall mean values were calculated and a non-parametric Friedman test was conducted,
allowing the characteristics to be ranked by total mean scores as shown in Figure 1.

Figure 1: Total mean scores for sustainable e-government characteristics
Figure 1 shows that participants considered usability more important than users’ security, contradicting the
results reported earlier. The contradiction can be justified as the previous question asked respondents how
important a specific characteristic is for sustainable e-government, whereas in this question, respondents rank
a characteristics against one another. Other highly significant characteristics were performance, transparency
and flexibility, while sustainability standards and compliance with software engineering guidelines during the
development of e-government systems were more important for respondents than compliance with conditions
established by regulators, which indicates users’ awareness of sustainable e-government. It is notable that
respondents were not greatly concerned with the impact of sustainable e-government software on social,
environmental and economic factors but that they were somewhat more concerned about its social impact.
Finally, the study identified gender differences in the responses. According to the results of a Mann-Whitney U
test, males ranked usability and flexibility higher than females did to a statistically significant degree: U = 13702,
p = .002 and U = 12955, p = .000 respectively. Conversely, females ranked software impact on society and costeffectiveness statistically significantly higher than males: U = 13918, p = .004 and U = 13544, p = .001

respectively. The mean rankings of these characteristics also differed by gender in that the first priority for males
was usability, whereas for females it was security.

6. Conclusion
This paper reports an in-depth exploration of sustainability from the perspective of e-government service users
in the KSA. In doing so it highlights key differences between priorities reported in the literature on green-ability,
in terms of both resource and energy usage, and those identified within the KSA. The research also investigated
the importance of key barriers identified in the literature with regard to sustainability in the KSA, confirming
their importance. Finally, it indicates interesting variances in the perceived importance of characteristics based
on gender, which could be explored more fully in a follow-up study.
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