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Abstract: Cloud computing hastens technology driven innovation by taking advantage of the speed,
the cost-effectiveness, the efficiency and the security that such applications offer. By using cloud
computing, public organizations can exploit the economies of scale and innovate both efficiency and
rapidly. The present study focuses on the factors influencing the adoption of a new technological
application within the procedures of change management. It examines the willingness to adopt
cloud computing for the case of administrative employees in a higher education institute working
environment. A prediction model explores a Ubiquitous cloud computing adoption system (USAS),
utilizing the theory of technology acceptance model (TAM) and resulting that end users are welcoming
the adoption of the cloud computing. Policy makers should move towards empowering the
stakeholders with e-skills to stimulate technology driven innovation, resulting in improvements
in effectiveness and efficiency, in the creation of new jobs and in the promotion of sustainable
development practices.

Keywords: technology acceptance model; technology driven innovation; cloud computing; support
vector machine; SVM classifier; open innovation

1. Introduction

One of the recently emerged technological evolutions is cloud computing. It allows for
organizations to have access to computing resources hosted by third parties through the Internet or
Web servers (the ‘cloud’) [1] and benefit instead of building or expanding their own IT infrastructures.
cloud computing offers organizations the opportunity to adopt information technologies (ITs) that
could not otherwise afford due to high cost [2]. It also allows for accessibility to data, quick processing,
easy transfer and storage of digital resources regardless of location, time, borders and geographical
distances [3,4]. cloud computing services emphasize on providing low cost or free applications through
the Internet.

To date, research mostly focused on the adoption of cloud computing by organizations through
the technology-organization—environment (TOE) model, by studying the underlying factors of the
organizational settings [5-7]. Very few studies have explored the factors that influence the adoption of
cloud computing by specifically concentrating on the end users [2,7,8]. The end users are approaching
cloud computing as professionals/ employees or individually for private use. Sharma, et al. [2] and Yang,
etal. [9] have examined the employee’s perceptions of using cloud computing at a public sector working
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environment. This subject requires attention since users’ perceptions may influence and motivate the
implementation of cloud computing in an organization. The adoption procedure of cloud computing
may fail if end users within the organization resist to or sabotage the adoption of this new technology.
To understand the factors that influence end user’s adoption, the methodology of technology acceptance
model (TAM) is used. TAM explains user’s intention to use the technology [10-12].

Through the TAM model, Davis [11] applies the constructs of perceived ease of use (PEOU) and
perceived usefulness (PU) as beliefs capable to predict future behavior of the users. Some researchers
propose the extension of this research model by adding more variables that may influence users’
behavioral intention to adopt the cloud computing [2]. In addition, information system researchers
have proposed the use of predictive analytics instead of explanatory statistical analysis to build and
test the theory [13-15].

Public sector globally has delayed in adopting cloud computing compared to the private sector.
Some of the hurdles that public sector organizations incur is the lack of in-house expertise on Information
Technologies (ITs), the lack of trust in the technology or the providers, the absence until recently of
regulatory authorities and the lack of willingness to change the currently used procedures [16,17].
The cloud computing situation in EU-28 is illustrated in Figure 1, according to Eurostat data [18].
This figure shows a rising trend in cloud computing usage between 2014-2018 for all countries.
Nowadays, almost one out of four enterprises in Europe (with Internet access and >10 employees)
uses cloud computing. Greece falls back in cloud services diffusion, where only 13% of the surveyed
companies used cloud computing. One of the prevailing characteristics of Greek economy is that it
consists of a business network where 95% of businesses are small and medium-sized enterprises (SMEs)
that have less than 10 employees, so authors assumed that these enterprises were not surveyed [19].
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Figure 1. Cloud computing Usage in EU-28 enterprises (created by the authors according to
Eurostat [18]).

The economic crisis and the problems caused in the global financial system affected, among others,
the operations of educational establishments, with governments spending less money than before to
invest in upgrading them [20]. The rapid development of technology demands continuous upgrades
on hardware and software programs and creates pressure to educational institution budgets to keep up
with digital technologies. cloud computing seems to be the opportunity for the educational system to
invest on the new way of delivering computing services and benefit from the flexibility of “paying as
you go” cost structure. Furthermore, strategic alliances between private firms and education institutes
under the concept of open innovation offer significant benefits for all parties involved. One of the
main characteristics of cloud computing are the significant cost advantages on IT expenditures and
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the simplification and convenience of the way computer related services are delivered, since cloud
computing services can be accessed by less powerful devices, such as smartphones or notebooks [21,22].
Document sharing and editing at the same time by different employees (for example via Office 365
platform) enhances elaboration and efficiency of administrative staff [22]. cloud computing permits
the reduction in administrative overheads and reduced resource management costs [23]. The research
of the Washington State University’s School of Electrical Engineering and Computer Science (EECS)
concluded that despite the challenging economic climate, cloud computing has led to an expansion of
the services offered to staff and students [24].

This research analyzed the adoption process of cloud computing by end users and identified the
factors affecting their adoption decision, by using the case of administrative personnel working at two
public universities in Greece. The contribution of this study is significant for implications on public
economic organizations due to the difficult economic conditions that Greece has faced during the
last decade and which do not allow for high-cost investments to implement technologies that can be
challenged by end users. Furthermore, the collected data are analyzed through classification algorithms
to predict the cloud technology use intention and the best method is identified. More specifically,
the research model and the hypotheses are looking for the factors to determine any significant impact
on the administrative personnel’s behavioral intention to adopt cloud computing.

The remainder of the study is structured as follows: A literature review provides the background
on cloud computing and models of adoption theory; then the foundations theory of the research model
are presented and the research hypotheses are proposed. After the results, the main findings and their
implications are outlined in a discussion and conclusion section about the empirical results. The final
section also includes limitations for future research.

2. Literature Review

2.1. Cloud Computing and Open Innovation

The concept of open innovation promotes the idea that knowledge is better developed both inside
the limits of an organization and outside of it. The concept of open innovation supports the sharing of
a firms’ unused resources with other organizations, the common collaboration of resources and the
formation of alliances. Open innovation offers significant benefits such as cost reduction, access to
new ideas and more funding research and development (R&D) capabilities [25]. A close relation of the
adoption of open innovation and a firm’s performance was reported for the case of an information
and communication company [26]. One of the novel operations that emerged during the last decade
within information and communication technologies is cloud computing [27]. The term describes a
model that enables ubiquitous, convenient on demand network access to computing resources, rapidly
provisioned and released with minimal management efforts [28]. There are software applications that
are available to users via high speed Internet access and consist of two components, infrastructure
of the cloud and software applications that run on the cloud. The first component consists of the
hardware resources required to support the cloud services that are provided as server, storage and
network components. The second component refers to software applications and computing power for
running business applications, as provided via the Internet by third parties. Large-scale enterprises,
SMEs and public organizations seek the advantages that cloud computing offers; reduced cost of
IT services, minimum infrastructure investments, increased reliability, availability and flexibility of
services [7]. There are four different models that an organization may choose for cloud computing:
(a) The public cloud, which is available through a third-party service provider, e.g., Google Apps,
(b) The private cloud, which is managed within the organization or a large company in a segregated
area (physically and logically), (c) The Community cloud, which is used and controlled by a group of
companies who share common interests and (d) The Hybrid cloud, which is a combination of public
and private cloud [22].
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The applications provided in cloud computing include: (a) software as service (SaaS) applications
such as word processing, CRM (customer relationship management), ERP (enterprise resource
planning) which are available over the Internet (hosted) from commercial vendors such as Gmail,
Google Apps, Facebook, Cisco WebEXx, (b) platform as service (PaaS) applications, which are platforms
and software development kits available over the Internet from commercial vendors such as Microsoft
Azure services, Google App platform, Amazon relational database, (c) Infrastructure as service (IaaS)
applications, which are tangible physical devices like virtual computer servers, storage devices that
are located in a data center and can be assessed and used over the Internet using login authenticating
system and passwords [22]. For example, in an educational institution, administrative personnel,
academic staff and students can use the service of SaaS and IaaS applications of cloud computing
providers. Any software launched by end users resides at the server of the SaaS cloud provider and is
assessed online [20]. The same SaaS applications addressed to medium sized e-commerce business
having criteria as complexity, reliability, security, privacy, firm size while a business should choose
PaaS or laaS applications with criteria of compatibility and scalability [29].

Among the benefits of cloud computing are the scalability, the ease of implementation and enhanced
service quality provided to users. Poniszewska-Maranda et al. [30] examined the combination of real
time systems and the use of cloud computing and resulted in building efficient systems.

Adopting cloud computing, may also imply organizational risks related to data protection of
organizations, businesses and citizens, data confidentiality, data integrity and general security concerns.
There is a fear of data segregation in the cloud and worries about the long-term viability of the cloud
computing provider [31]. Other risks include disputes or litigation with the provider about service
debasement, cost escalation or hidden service costs and fear of data segregation in the cloud [32].

The use of cloud computing services in higher education institutes can set an example and
promote the development of the organization [25]. The alliances between government, universities and
businesses (known as triple helix) concerning the promotion of R&D and open innovation concept is
emphasized in a review study concerning the public support for open innovation [33]. It is mentioned
that “public investment in education, mainly at a postgraduate level, can promote regional and national
innovation systems” [33].

European Union (EU) has acted towards the protection of citizens, civil servants and economic
entities by introducing the EU’s general data protection regulation [34]. Some EU countries have
developed their own guidelines on cloud computing services. In Greece a local implementation
law at 2019, along with EU’s general data protection regulation [34], underlines critical issues about
insuring data security and data protection with reference to legal and operating issues, including
the obligation of cloud providers to provide transparency in collecting and processing personal data
relating to customers, provide security and decryption of data and prevent transfer of these data to
third parties [34].

Next, authors discuss the factors that may influence the end users” adoption of cloud computing
in a working environment and authors made the hypotheses for this research study:.

2.2. User Adoption of Cloud Computing

Exploring technology acceptance by end users is a longstanding issue in management information
systems (MIS) research. Performance gains from the adoption of a new technology may be delayed or
postponed if users are unwilling to accept and use the available systems/applications [35].

The successful implementation and adoption of a new technology such as cloud computing
depends on technical factors of IT, on characteristics of the organization that introduces the technology
and on the response of professionals/employees within the organization, the end users of the new
technology [36].

Prevailing models in explaining technology adoption by end users is the technology acceptance
model (TAM) Davis [37], the theory of reasoned action (TRA) [38] and the theory of planned behavior
(TPB) [39]. The models of TRA and TPB predict the factors that influence the users” intention to use a
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new technology. According to TRA, someone’s intention is a direct determinant of his future attitude.
Attitude and subjective norms (the opinion of important others) influence users’ intention to perform
towards the new technology. The TAM aims at tracing the impact of external factors on internal beliefs
of the end user and their attitudes.

TAM was extensively used in a wide range of scientific domains such as: e-learning [40,41],
Internet banking [12,42—44], mobile learning [45-48] and social networking [37,49].

According to TAM [50] there are two perceptions in adopting a new technology: the perceived
usefulness (PU) of the new technology and the perceived ease of use (PEOU). These internal beliefs
according to TAM determines the behavioral intention and the attitude of the user to perform towards
the adoption of the new technology. These beliefs mediate the influence of all other factors in the
acceptance and usage of new information systems [51].

Davis [11] stated that the belief of perceived usefulness (PU), is someone’s belief that a system
is “capable of being used advantageously” p. 320 [11]. Another definition of perceived usefulness is
“the degree to which an individual believes that using a particular system would enhance his or her job
performance”. Potential users could consider a specific technology as useful, but at the same time they
could consider it as hard to learn and use, thus questioning the performance benefits resulting from
the usage. Hence, in addition to the usefulness, usage is influenced by application’s perceived ease of
use. If a system fails to support people in performing better in their jobs then the new technology is
not likely to be accepted, despite of careful implementation efforts by the management [52].

Perceived ease of use (PEOU) refers to someone’s belief that using a new technology would be
free of physical or mental effort or any kind of difficulty. PEOU is supported to have a significant direct
effect on perceived usefulness (PU) of the new technology [53]. Some studies in Information systems
adoption literature including new technologies refer to the influence of PEOU on the technology
acceptance. These subjects are on internet banking [12], smartphone technologies [54] and mobile
internet [2,55].

PU is considered a significant factor in predicting technology adoption. Kryvinska et al. [2] and
Chong [13] support the hypothesis that PU plays a significant role in the adoption of Internet services.
Almazroi et al. [56] examined factors influencing the adoption of cloud computing and resulted that
perceived usefulness was the strongest predictor of users’ behavioral intention. There are studies that
resulted that PEOU is a much stronger predictor for adoption than the PU [36]. A study by Chong [13]
used advanced hybrid statistical modeling and found that ease of use was not a statistically significant
predictor [2].

Various studies researched the existence of psychological factors and individual differences as
contributors to forming perceptions towards the adoption of cloud computing [57]. Venkatesh and
Davis [53] and Venkatesh [58] researched the model TAM2 which incorporates additional external
variables as factors influencing the adoption of the new technology [59]. According to TAM2,
a person’s performance is determined by his behavioral intentions. Behavioral intention is the
potency of one’s intention to perform a specific behavior and is determined by ones” Attitude and
by his Subjective norms. A negative attitude during technology’s initial implementation forms
perceptions affecting the intrinsic motivation to adopt the technology [60]. Gupta in a research
on SME’s adoption of cloud computing concluded that PEOU and convenience were the strongest
predictors of adoption [22]. Gangwar and Date [61] resulted that threat, risk, vulnerability, availability,
support and compliance are important determinants in adoption of cloud computing in Indian
organizations [57]. Behrend et al. [36], examined the factors affecting the adoption of cloud computing
in colleges. They searched additional determinants to PEOU and PU in an extended version of TAM
(TAM 3) [62]. They resulted that important determinants of PEOU are individual differences, such as
information technology self-efficacy and computer anxiety—and some facilitating conditions such as
trust. The social influence is an important determinant of PU that affects the behavior of the user and
the specific system characteristics [36].
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Information technology self-efficacy and computer anxiety are two factors that have impact
on user’s behavior. The perception of Ease of use influences peoples” attitude and their behavior
through self-efficacy. According to Bandura [63] self-efficacy is a judgement of how well someone
can execute actions required in order to deal with prospective situations. According to Compeau and
Higgins [64] computer self-efficacy is the degree that an individual believes that is capable to perform
a specific task or job using a computer or a related technology. information technology self-efficacy
is an important factor to consider when determining whether administrative personnel will adopt
cloud computing [28]. Ashtari and Eydgahi [28], found that information technology self-efficacy was
a strong and significant predictor of users’ perceived usefulness of cloud computing applications.
Sharma et al. [2] resulted that information technology self-efficacy, trust and job opportunity are
important predictors of adoption of cloud computing. Having higher degree of information technology
self-efficacy is expected to influence users to feel more comfortable in learning new knowledge for
Internet activities and helps them achieve the desired results [2].

Information technology anxiety is defined by Venkatesh [58] as an individual’s discomfort in
the possibility of using computers. Computer anxiety refers to negative emotions, fear or anxiety
towards computer usage and hostile or aggressive thoughts about utilization of computer-based
technology [28,65]. Ashtari and Eydgahi [28] resulted in significant negative correlations in information
technology anxiety and PU of cloud computing.

One of the main concerns in cloud computing adoption remains the systems’ security and
unauthorized access and loss due to breaches of security [28]. In addition, Liao and Cheung [66]
found that system security is a significant determinant of user’s adoption. The risk minimizes as
authentication and encryption procedures are applied to data [22]. Users’ intention to adopt cloud
computing follows the trust to the system provider, to minimize the risk of system failure or the fear
to experience personal loss of money, time or data [67]. Ma et al. [68] resulted that potential users
tend to adopt cloud computing services based on the trustworthiness of service provider. It was also
emphasized that adopters continue to use CC if their quality of experience is as per their expectation.
A zero difference between user’s prior expectations and the actual perceived performance of the
technology enhance adoption [69].

Data privacy risks are among the first issues reported by users of cloud computing [70]. In order
to protect citizens, businesses and some governments in European Union (EU) along with EU’s GDRP
regulations have also enact privacy regulations that aim at providing increased levels of security for
citizens and prohibit the leakage of sensitive personal data outside the EU. These regulations prompted
Amazon among others to expand on storage facilities located within EU [34].

3. Materials and Methods

In the current research authors pertain the adoption of cloud computing through the prism of
individual user choice adoption, while the innovation diffusion and adoption studies in technological
and organizational context are approached through the diffusion of innovation theory (DOI) [71] and
the technology, organization and environment framework (TOE) [5]. The research model that guided
the study measured perceived usefulness and perceived ease of use by using items adopted from
studies on technology adoption theory, the TAM2 instrument [53,58]. The items for self-efficacy were
adopted from [64,72]. The items of perceived risk were based on [73]. The proposed model aims to
predict cognitive and affective determinants of cloud computing adoption by end users.

3.1. Data Collection

To determine user’s intention to adopt cloud computing, a survey was conducted during the
second quarter of 2019. Initially, a pilot study was performed to 30 participants to ensure the
applicability of the construct. Questionnaires were afterwards distributed to 820 administrative
personnel of two Greek public universities resided in the largest city of Greece, Athens, the University
of West Attica and the Panteion University, in a method of convenience sampling. The total number
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of Administrative personnel working at 36 Greek universities is 7751 persons, according to the
Education and Lifelong Learning Center of University of Athens. Participants were administrative
employees, familiar with Internet access for inquiries and communication purposes with other people or
organizations. Participation was voluntary. All respondents were assured for privacy and were asked to
indicate the extent of their agreement with the statements of the questionnaire. All questionnaires were
distributed and recollected after one week. A total of 702 complete responses were obtained, with a
response rate of 86%. Finally, 697 usable questionnaires were collected after eliminating incomplete
questionnaires (net response rate of 85%). Demographic variables such as gender, age, education,
job position and work experience were adopted from [74] and were employed to estimate possible
response bias.

3.2. Experimental Setup Dataset Structuring

Authors evaluated the given dataset where each instance summarizes data collected for a certain
user. The dataset was created by collecting variables concerning user’s preferences with regards to
cloud computing adoption at the public sector working place. Our class attribute (dependent variable)
is a binary question (no/yes) concerning users’ preference to adopt cloud-computing technology soon.
Specifically, the research questionnaire contained of 23 questions on the opinion of each user separately.
The dataset structure is presented in Table 1.

Table 1. Dataset Structure.

Attribute Type Value
Adoption Predictive {0,1,2,3,4}
Use Predictive {0,1,2,3,4}
Satisfaction Predictive {0,1,2,3,4}
Job performance Predictive {0,1,2,3,4}
Work more quickly Predictive {0,1,2,3,4}
Increase productivity Predictive {0,1,2}
Make job easier Predictive {0,1,2}
Effectiveness Predictive {0,1,2}
Perceived information quality Predictive {0,1,2}
Perceived system quality Predictive {0,1,2}
Efficiency Predictive {0,1,2}
Access costs Predictive {0,1,2}
Ease to use Predictive {0,1,2,3,4}
Ease to become skillful Predictive {0,1,2,3,4}
Ease to learn Predictive {0,1,2,3,4}
Predisposition Predictive {0,1}
Security Predictive {0,1}
Informational technology anxiety Predictive {0,1}
Work experience Predictive {0,1,2,3,4}
Education Predictive {0,1,2}
Gender Predictive {0,1}
Age Predictive {0,1,2,3}
Preference to Adopt cloud computing Class {0,1}

Out of the 702 users, the actual dataset had 697 instances because there were omitted instances
with missing values. Each instance depicts all the available information of a unique user taking
part to the survey. Hence, authors performed predictive analytics for the preference to adopt
cloud-computing technology in the working environment with the data produced by 697 users
participating in the incorporated survey. In addition, each instance of the dataset had 23 attributes,
22 of them where predictive attributes, while the last one is the class attribute. Since the class
attribute (preference to adopt cloud-computing) takes only two values (no/yes), authors used binary
classification algorithms. The initial value is 466 out of 697 users that were willing to adopt in
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cloud-computing soon. The 22 predictive attributes take categorical values in the range of “strongly
disagree” to “strongly agree”. The class attribute takes value either 0 or 1, where 0 value means that
the user is not ready to adopt cloud computing soon and 1 value means that the user is ready to adopt
cloud computing.

3.3. Adopted Classifiers

Authors experimented with binary classifiers where it was assessed their efficiency to rank
them and propose an optimal solution. Such solution enables the prediction of user preferences
in the working environment regarding the adoption of cloud computing technology in the public
sector [75-78]. Machine learning classification algorithms are used as the core object of performing
predictive inference analytics. Such algorithms according to the predicted values of the examined
model are divided in two major categories. In the first category the predicted value is numerical,
which is in the case of regression analyses. Instead, in the second category the predicted value is
categorical, which is in the case of classification analyses. If there are more than two classes, authors
dealt with multiclass classification. In the specific case where the predicted categorical values take
only two class values authors dealt with binary classification.

To define which classifiers to adopt in this study authors experimented with certain classification
algorithms available in Weka [79]. Such classifiers are:(1) k-nearest neighbors, i.e., k-NN, (2) One R,
(3) Hoeffding tree and (4) support vector machine, i.e., SVM. It was assessed the prediction accuracy of
each selected classifier to rank them and define the optimal one for our problem.

The experimented parameters of the final dataset include the adopted classifiers, the evaluation
method, as well as the evaluation metrics incorporated to assess the proposed classification models.
See Table 2.

Table 2. Experimental setup parameters and values.

Parameter Value
1st Experimented classifier k-NN
2nd Experimented classifier One R
3rd Experimented classifier Hoeffding tree
4th Experimented classifier SVM
Evaluation method 10-fold cross-validation
Evaluation metrics a, Confusion matrix

3.4. Evaluation Method and Metrics

Authors evaluated the examined models with 10-fold cross-validation evaluation method, which
divides the initial dataset to 10 equal sized parts and then in certain loop incorporates the first 9 parts
to train the classifier and the remaining 1 to test the classifier. This process is repeated until all the parts
are used for training and testing. To clarify the creation of the training and testing datasets the authors
used 9 parts of the initial dataset in 10 certain loops, to create the training dataset. The remaining last
partis used to create the testing dataset. By the end of the process, it holds that all the parts of the initial
dataset have been used for the creation of certain training and testing datasets. The process prevents
the use of a single part to belong both to training and testing dataset, thus once per part is used for the
creation of the training dataset it is not allowed to form the testing dataset. The 10-fold cross-validation
is a common evaluation method in machine learning literature to assess the efficiency of a classifier,
especially when the available amount of data in the dataset is limited, as it is the case in our study.

It was also evaluated the adopted classification models with the confusion matrix evaluation
metric. The confusion matrix is a special form of matrix, which in the case of binary classification has
the following form, as described in Table 3:
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Table 3. Confusion mat