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Abstract: Grid computing is emerging as the foundation upon which virtual 
collaborations can be built among large organisations with the aim of 
integrating and sharing computer resources, and thus offering performance  
and resource availability, which is unattainable by any single institutional 
technology resources. With the level of increase in the number of tertiary 
institutions in Africa, and the attendant shortage of basic information 
technology resources, the use of grid computing for collaboration purposes 
would contribute to the enhancement of research, course delivery, course 
management, and other aspects of institutional development. This paper carries 
out an empirical study of the possibility of adoption of grid computing as a 
vehicle for collaboration among tertiary institutions in Nigeria from the 
perspective of the potential adopters (users) of the systems. This study also 
proposes a design and implementation framework for adoption of this 
technology by the tertiary institutions. The key challenges that significantly 
affect the adoption of grid computing in tertiary institutions are mainly 
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attitudinal (perceived need and perceived benefits). Infrastructural issues 
(facilitating conditions) also impose limitations on the ability of universities to 
implement grid computing. 

Keywords: grid computing; adoption; perceived needs; perceived benefits; 
university. 
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1 Introduction 

Advances in internet and the availability of powerful computers and high speed networks 
are changing the landscape of large scale parallel and distributed computing. These 
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technology advances have allowed the use of distributed resources as a single and 
powerful virtual machine, leading to what is popularly known as grid computing. 

Research-oriented organisations and universities practicing in advanced research 
collaboration areas require the analysis of tremendous amounts of data. Grid computing 
provides mechanisms for resource sharing by forming one or more virtual organisations 
providing specific sharing capabilities. Such virtual organisations could resolve specific 
research problems with a wide range of participants from different regions of the  
world. Grids make a large number of computing resources, data stores, analysis and 
visualisation tools available to analysts and collaborators in a coalition environment for 
decision support and related applications. Besides the advantage of accessing locally 
unavailable resources, the grid is usually also expected to utilise the existing resources 
more efficiently. Grid computing is not only a mainstream computing paradigm for 
resource intensive scientific applications but it also promises to become the future 
computing paradigm for enterprise applications. 

In times of global economic slow-down, organisations are increasingly under pressure 
to cut down their budget. With significant advances in and impact of information and 
communications technology (ICT), there is an increasing perception of computing as the 
fifth utility – after water, electricity, gas and telephone (Rajkumar et al., 2009). Grid 
computing is one of the computing paradigms that would utilise the power of computing 
in propelling everyday lives. Grid computing and server consolidation are two aspects of 
computing that could assist organisations in reducing their budgets on computing 
facilities. Server consolidation process focuses on reducing the physical number of 
computers and moving the workloads/applications running on them to a smaller set of 
computers, while still maintaining service level objectives. Grid computing tries to utilise 
the existing computer infrastructure to create a virtual computer that has higher 
computational power (performance rating) than any single computer. Grid technology 
can aggregate all the powers from the CPU’s of participating organisations to generate a 
super computing power that will help users to access various types of services 
simultaneously (Foster et al., 2001). 

Grid computing is a resource sharing platform that presents a new trend in  
distributed computing and internet applications. It can construct a virtual single image of 
heterogeneous resources, provide uniform application interface and integrate disparate 
computing resources into a completely ubiquitous and transparent aggregation (Jin, 
2004). Grid computing has impacted on the development of some resource sharing 
technologies, such as cloud computing and heterogeneous distributed systems (Zhang  
et al., 2010). Grid computing enables organisations (real and virtual) to take advantage of 
underutilised resources to meet business requirements while minimising additional costs. 
The nature of a computing grid allows organisations to take advantage of parallel 
processing; making many applications financially feasible. Grid computing makes more 
resources available to more people and organisations while allowing those responsible for 
the IT infrastructure to enhance resource balancing, reliability, and manageability. It has 
the potential of reducing maintenance cost and improving overall performance without 
significant hardware changes. It could if done properly, reduce the complexity 
infrastructure, the cost of maintenance as well as increase the efficiency of the utilisation 
of computing resources. 

The higher educational sector is gradually moving from the individualistic model to a 
highly collaborative model as universities continue to seek rational opportunities for 
managing resources. The economic recession of 2008/2009 has brought a new sense of 
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reality in higher education, with dwindling governmental funding for research and 
learning. It is argued (Sultan, 2010) that cloud (and grid) computing would be one of 
those opportunities sought by cash strapped educational establishments. Apart from the 
recent economic realities, the development of the internet, Web 2.0, and other 
communication technologies has brought about knowledge integration and dissemination 
in a seamless manner. Universities are gradually tending toward a meta-university 
system. Wheeler and Waggener (2009) suggest that this meta-university is already 
emerging, based on a consortium sourcing model that provides a generalised template for 
like minded interests to opt-in to efficiently aggregate demand and coordinate research 
and educational resources. 

This study focuses on the factors affecting the adoption of grid computing for 
collaboration and resource sharing by universities a developing country context. A 
number of cooperate organisations (especially in the developed world) have taken 
advantage of grid computing. As with most technology adoption, developing countries 
(especially in Africa) have lagged behind. The e-readiness levels of these countries are 
low (McKenna, 2006), and inadequacy of facilitating conditions could hinder the 
adoption of technology such as grid computing. The rest of the paper is organised as 
follows: Section 2 presents a review of some relevant literature on grid computing 
technology and adoption. In Section 3, the framework for the research is presented, while 
the methodology adopted in the study is described in Section 4. The analysis of data is 
carried out in Section 5, while the results are discussed in Section 6. Some conclusions 
are drawn in Section 7 

2 Literature review 

Grid computing is the aggregation of distributed and heterogeneous autonomous 
computing resources connected by a network into one large virtual system. The  
large-scale virtual system is redistributed as needed by the end users. Examples  
of the computing resources are: processor, storage, data, hardware, software, 
telecommunication facilities, and personnel. Grid computing technology dynamically 
connects remote computers and computing resources over the internet or a virtual private 
network. It focuses on increasing computing power, defined computational capabilities, 
coordinating the sharing of resources, and solving problems in multi-level virtual 
organisation (Heather and Benn, 2004; Manvi and Birje, 2010; Oracle Corporation, 
2009). 

In Oracle Corporation (2009), the detailed description of the basic technology 
principles on which grid computing operates is presented. The technology principles are: 
standardisation of hardware and software components to reduce incompatibility of  
system components and simplify configuration and deployment of available resources; 
virtualisation of ICT resources by pooling them into shared resources; and automation of 
systems management which includes resource provisioning and monitoring. The 
application of grid computing architecture enables organisations to create a large-scale 
computing infrastructure from inexpensive, off-the-shelf components. Other benefits of 
grid computing are: quick response to volatile business needs; real-time responsiveness to 
dynamic workloads, predictable ICT service levels, and cost reduction as a result of 
improved efficiency and smarter capacity planning (Oracle Corporation, 2009). With the 
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aid of the distributed system of computers, computing workload can spread across and 
the grid users can take advantage of the enormous ICT resources in the grid. 

Grid technology is well applied in electric power system where power grid is 
established. Thus, consumers of electricity do not need to know anything about what 
stays beyond the socket. The consumers can utilise all the electricity they want but this is 
subject to the agreement with the electrical society or company. Today grid computing 
has attracted global attention in a variety of application domains such as environment, 
chemistry, aerospace, physics and healthcare systems (Pin et al., 2007; Lingfen and 
Emmanuel, 2005). Grid computing is designed to achieve the following objectives 
(Kentaro et al., 2005; Foster and Kesselman, 2004): sharing of distributed and 
heterogeneous computing resources belonging to different organisations; exploitation of 
underutilised resources; enablement and simplification of collaboration among different 
organisations; provision of login service with secure access to grid resources and ensure 
security in remote sites; provision of resource management; secure data transportation; 
and provision of quick and accurate results. 

Figure 1 presents a conceptual diagram of the architecture of grid computing that 
provides links to remote institutions and end users via wired and wireless networks.  
This is a basic architecture on which other models of grid computing in various  
problem domains are built. Grid computing components are classified into: resource 
management (this includes uniform, scalable mechanisms for naming, locating and 
allocating computational and communications resources in distributed systems); 
application-development environments (this entails the integration of grid services into 
existing frameworks, environments and languages); data management and access; 
information services; and security. 

Figure 1 Conceptual diagram of grid computing architecture (see online version for colours) 

 

Source: Kumar et al. (2008) 
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Grid-based collaborative learning approach is the facilitation of learning through  
the provision of shared ICT systems that are connected using the internet and web 
technologies. It provides the platform to create a pool of the teaching and learning 
resources available in various academic institutions, as well as the resources available in 
various industries that have linkages with the academic institutions. It offers a 
complementary platform for students to conduct additional learning activities out of the 
classroom, and also for working adults or other non-regular students to learn, based on 
their own individual schedules. Grid-based learning is expected to be a strong support to 
traditional education system. It provides convenience to the students in terms of time and 
space, and improves the efficiency of the educators and as a result, supports more 
students’ participation, timely updates of course or subject materials, and online 
assessments (Li et al., 2008). 

A number of research works have been done on the development of grid computing 
architecture for institutional collaboration in order to facilitate electronic learning. For 
example, Victor and Gottfried (2003) gave a detailed outline of a proposed architecture 
for e-learning grid which integrates core grid middleware and learning management 
system (LMS) functionality appropriately. The objective was to draw up a research 
agenda for the exploitation of grid computing in e-learning. The advantages derived from 
grid computing and the applications that could benefit from it are presented. In Yang and 
Ho (2005), data grid technique is proposed to connect idle storage devices on campuses. 
This serves as substitute for expensive storage devices, such as disk arrays, and as  
e-learning platform storage devices. Thus, schools with insufficient budgets can obtain 
better services and vast teaching resources using the data grid learning technology. In 
Choo et al. (2007), a learning community network, EGRID is proposed to create a global 
network for users in the e-learning community to interact and to participate in the 
educational process. The paper highlights the grid architecture used and the key features 
of the grid. Other forms of grid-based collaborative learning models are presented in the 
following works (Leila et al., 2007; Contreras and Murtagh, 2005; Marc et al., 2005; 
Maozhen and Marios, 2008; Jukniute and Paulikas, 2007; Nabil, 2010; Saleh, 2010). 
Resource discovery is an important function of e-learning, thus Boon et al. (2006) 
describe the development of such resource discovery services as part of an initiative to 
pilot e-learning and a shared digital library infrastructure for grid computing training 
projects in Europe. 

2.1 Development, implementation and adoption issues 

Grid computing is faced with some development, implementation and management 
challenges. In Heather and Benn (2004), these challenges are classified as: technical, 
organisational and strategic challenges. Though the vision of grid computing is 
promising, but the challenges of managing grid infrastructure are daunting. Some of the 
difficulties include the heterogeneity of devices on the grid; the need to operate in 
geographically dispersed and complex environments; the unpredictability of system 
performance and behaviour over time; and the existence of multiple administrative 
domains. There are also concerns about usage pricing, service-level agreements and 
network-security issues. These challenges include: measuring the efficiency of grid 
computing for collaborative learning system (Paul et al., 2010); measuring the 
performance, reliability and scalability of grids (Omid et al., 2006); improving trust and 
security in grid (Amit et al., 2010; David et al., 2010); resource usage policy expression 
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and enforcement (Jun et al., 2007); efficient access to many small files in a file system for 
grid computing (Douglas and Christopher, 2007); efficient anonymity protocol for grid 
computing (Souvik and Zhao, 2004); pricing information service (Alexandru and Jörn, 
2007); end-to-end accountability (Elisa et al., 2008); and implementation of system 
policy derived from the interactions between service level agreements (Bradley and 
Hanan, 2005). 

A number of authors have studied the adoption of grid technology by corporate 
organisations (e.g., Lim, 2010; Manvi and Birje, 2010; Oracle Corporation, 2009; 
Lingfen and Emmanuel, 2005; Li et al., 2008; Maozhen and Marios, 2008; Nabil, 2010; 
Saleh, 2010; Paul et al., 2010). Despite the benefits derivable for grid computing 
adoption, there is still a low level of adoption of grid technology due to some reasons 
explained in Table 1. 
Table 1 Grid computing adoption factors 

Author(s) Grid computing adoption factors 

Earl and John 
(2004) 

Inability of users to understand how grid can fit in their environments. In this 
way, grid runs the risk of underwhelming users and because grid is still largely 
undefined, users run the risk of adopting a vision that ultimately remains 
unfulfilled. 

Ramkumar 
(2009) 

Factors considered are mainly from the perspective of consumers/users of grid 
computing service rather than from the perspective of providers/vendors of 
grid services. For example, the demand for using grid computing services, 
frequency of usage, stage of consumers’ line of business. The authors also 
emphasise that the decision to adopt and use grid computing services in an 
enterprise is a major strategic decision, which involves both objective and 
subjective decision making process. 

Joseph et al. 
(2004) 

Complexity of the IT infrastructure required to implement a grid, the 
complexity of IT integration across heterogeneous environments, enabling grid 
resources in homogeneous and heterogeneous environments, enabling 
resources as services to grid partners, and enabling virtualised applications to 
grid partners, and ability of grid technology to deliver increased business value 

Won et al. 
(2009) 

Security of computer system and data stored on them, performance measured 
in terms of communication time between the client computer and the web 
server in the grid, compliance to some government regulations regarding the 
secure storage, privacy, and disclosure of data, harmonising the functionalities 
of private grids and resolving possible conflicts, integration of applications and 
data on multiple public grids, cost of development, implementation, 
management, and remote administering of computing resources 

Subhas and 
Arka (2011) 

Size of the IT resources in the organisations, the organisations’ utilisation 
pattern of the resources, sensitivity of the data the organisations are handling, 
and criticality of work done by the companies. 

Christian 
(2010) 

Size of the IT department of the organisations, management-related 
innovativeness and organisation employee-related innovativeness,  
open-mindedness of the management and employees of the organisations about 
new practices, trust, uncertainties about new technology, and coercive pressure 
from suppliers, customers, or parent companies can exert pressure on 
organisations to adopt grid technology. 

Gridbriefings 
(2008) 

Standardisation which translates to interoperable, rapidly changing 
marketplace (this makes it hard to pin down a strict standard). 

Foster et al. 
(2001) 

Lack of viable business models that can make organisations to gain 
economically from the grid market could result in non-adoption. 
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3 Research framework 

This study utilises the diffusion of innovation model (DOI). The DOI model (Rogers, 
1983) sees innovations as being communicated through certain channels over time and 
within a particular social system. Similar to the DOI model is the technology acceptance 
model (TAM) (Davis, 1989), which places emphasis on subjective/psychological 
predispositions and social influences on behavioural intention to adopt a new technology. 
A similar theory is the theory of planned behaviour (TPB) (Ajzen, 1991), which identifies 
three factors that influence consumers’ acceptance of new products; namely: attitude, 
subjective norms and perceived behavioural control. 

Figure 2 DOI model 

 

Receiver variable 

 Demographic characteristics  
  Social characteristics 
  Perceived need for innovation 

Knowledge 
I 

Persuasion
II 

Decision
III 

Confirmation 
IV 

Rejection

Adoption

ConsequencesProcessAntecedents 

Continued adoption 

Discontinuance 

Later adoption 

Continued rejection 

1. Replacement 
2. Disenchantment 

Social system variables 

 Social system norms 
  Tolerance of deviancy 
  Communication integration 

Perceived characteristics 
of innovations 

 Relative advantage 
  Compatibility 
  Triability 
  Observability 
  Complexity 

Communication sources

Channels

 

Diffusion studies have focused on the following five elements: the characteristics of an 
innovation, which may influence its adoption; the decision making process that occurs 
when individuals or organisations consider adopting a new idea, product or practice; the 
characteristics of individuals/organisations that make them likely to adopt an innovation; 
the consequences of adopting an innovation; and communication channels used in the 
adoption process. According to Rogers (1995), the perceived attributes of innovation are: 
a relative advantage: the degree to which an innovation is perceived as being better 

than the idea it supersedes 
b compatibility: the degree to which an innovation is perceived as consistent with the 

existing values, past experiences, and needs of potential adopters 
c complexity: the degree to which an innovation is perceived as relatively difficult to 

understand and use 
d triability: the degree to which an innovation may be experimented on 
e observability: the degree to which the results of an innovation are visible to other 
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The DOIs theory suggests that the different dimensions of attitudinal belief toward an 
innovation can be measured. In general, perceived benefits of an innovation are positively 
related to its rate of adoption (Rogers, 1983). Previous research has also indicated that an 
innovation with substantial complexity requires more technical skills and needs greater 
implementation and operational efforts to increase its chances of adoption (Cooper and 
Zmud, 1990). Rogers (in Tan and Teo, 2000) argues that potential adopters who are 
allowed to experiment with an innovation will feel more comfortable with the innovation 
and are more likely to adopt it. 

The DOI model provides a useful framework for studying innovation at 
organisational levels. The DOI emphasises the influence of receiver variables, social 
system variables, and perceived characteristics of innovation as determining factors for 
adoption of technologies. We posit that the adoption (or non-adoption) of grid computing 
for collaboration among universities in Nigeria can be understood in the light of these 
three factors, which constitute the basis of our research hypothesis. 

3.1 Receiver variables 

The DOI model recognises organisational demographic characteristics, social 
characteristics, and perceived need for innovation as important variables that could 
present controlling effects on the organisation’s intention to adopt technology. Our study 
considers perceived need for grid technology as a major factor that could influence the 
adoption of grid by Nigerian universities. Determining the amount of training received by 
Faculty and staff of the universities would provide insight into the level of knowledge of 
grid computing and consequently, the perceived need for grid. Equally, demographic 
variables such as age of organisation could be useful in explaining grid adoption 
intention. H1 relates to the receiver variables and is states as follows: 

H1 The perceived need for a facility (such a grid computing) would prompt decision 
makers to adopt the technology. 

3.2 Perceived innovation characteristics 

The DOIs theory suggests that the different dimensions of attitudinal belief toward an 
innovation can be measured using the following perceived attributes; namely: facilitating 
conditions, perceived benefits, compatibility, complexity, triability, and observability. In 
general, perceived benefits of an innovation is positively related to its rate of adoption 
(Rogers, 1983). Previous research has also indicated that an innovation with substantial 
complexity requires more technical skills and needs greater implementation and 
operational efforts to increase its chances of adoption (Cooper and Zmud, 1990). In our 
factor analysis, complexity did not produce an eigenvalue that was significant for 
analysis. Therefore, complexity was excluded in our hypotheses. The following four 
hypotheses relate to innovation characteristics: 

H2 The perceived benefits derivable from the use of grid computing would be a key 
factor in the decision to adopt grid computing in universities. 

H3 Availability of facilitating conditions such as computing facilities, network 
infrastructure, and power supply would positively affect a university’s ability to 
adopt grid computing. 



   

 

   

   
 

   

   

 

   

   254 F-M.E. Uzoka et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

H4 The compatibility of a given technology with existing systems would increase the 
chances of its adoption. 

H5 The adoption of grid computing by Nigerian universities is influenced by the 
existence of grid computing in other situations (sectors) in the country. 

3.3 Social system variables 

Social system variables are important moderators in the adoption decision. This  
is because the organisation is a social system and for most members of a social  
system, innovation decisions depend heavily on the innovation decisions of the other 
members of the system (Rogers, 1995). Hypotheses H6 and H7 relate to social system 
variables. 

H6 Grid computing would be adopted if it is perceived to enhance inter-institutional 
communication 

H7 The extent of tolerance to deviancy would significantly influence an organisation in 
deciding to adopt a new technology, which may be a deviation from the known 
systems. 

4 Methodology 

4.1 Sampling scheme 

The sampling method was random judgment sampling. Fifteen universities were 
randomly chosen from a population of 104 Universities in Nigeria. The list of universities 
was obtained from the National Universities Commission (http://www.nuc.edu.ng/pages/ 
universities.asp). The universities chosen included federal, state, and private universities. 
Ten questionnaires were administered to staff of the randomly selected universities using 
purposeful sampling. The questionnaire was distributed to management (academic and 
administrative) and information technology (IT) staff of the universities. These categories 
of staff are likely to be responsible for taking decisions on the adoption of major 
technology facilities. 

4.2 Instrument 

The data gathering instrument used in the research was the questionnaire. A total of  
150 questionnaires were distributed to the 15 universities that constituted the  
sample for this study. One hundred and two of them were properly filled and used  
for analysis purposes. This represents 68% response rate. The questionnaire consists  
of two sections. The first part summarises demographic information including 
information on availability of grid computing supporting infrastructure, and 
implementation of full grid computing. The second section of the questionnaire measured 
variables relating the DOI model that could affect the adoption of grid computing.  
An empirical study of potentials of adoption The items were measured on a five-point 
Likert type scale (from 1 = strongly disagree to 5 = strongly agree). 
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4.3 Processing 

Descriptive statistics were employed in the presentation of data obtained from the first 
section of the questionnaire. The next part of the analysis involved the use of exploratory 
factor analysis to reduce the variables into a small number of factors that could have an 
effect on the adoption of grid technology in universities. The reduced factors were used 
as explainable factors that can affect the adoption of grid computing. The factor analysis 
was carried out using the statistical package for social sciences (SPSS) for Windows 
Version 17.0. The factors were extracted by principal axis factoring and rotated using 
varimax with Kaiser normalisation method to maximise the relationship between the 
variables and some of the factors. The Kaiser-Meyer-Olkin normalisation (KMO) 
measure of sampling adequacy indicates the suitability of the application of factor 
analysis for exploratory purposes (KMO measure = 0.710). The Bartlett’s test of 
sphericity was used to confirm the adequacy of the sample (χ2 = 1,004.762, df = 210). 
Finally, multiple regression analysis was used to test the hypotheses relating to the factors 
that affect implementation of grid technology. 

5 Data analysis 

The data were collected from university management and IT personnel. Table 2 depicts 
the demographic characteristics of these respondents. 
Table 2 Respondents characteristics 

Variable Value Percent 

Male 74.5 Respondents gender 
Female 25.5 
≤ 30 40.2 

31-50 52.0 
Respondents age 

> 50 7.8 
Administration 15.7 

Academic department 30.4 
Information technology 23.1 

Respondents department 

Others 30.8 
0–5 44.1 
6–10 22.5 

11–15 14.7 

Age of organisation (years) 

≥ 16 18.6 
Senior management 24.5 
Middle management 51.0 

Management level 

Others 24.5 
Management 21.6 
IT department 29.4 

Responsibility for IT facilities decision 

Management in conjunction with IT 49.0 
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Majority of the respondents were males (74.5%) and also less than 50 years of age 
(92.2%). This gender and age bracket defines the demographics of IT personnel cum 
management in Nigeria. Most of the IT and management positions are occupied by 
males, and Nigerian universities are increasingly employing younger people into 
management positions. Management staffs that were surveyed were mostly heads/chairs 
of departments, deans of schools, and top academic management (30.4%). Administrative 
management constituted 15.7% of respondents, while the IT staffs were 23.1%. Most of 
the universities were new (less than five years), which could point to the randomness of 
sampling tilting more to newer (private and state) universities. In most of the universities 
(49.0%), the responsibility of deciding to adopt a major IT facility (such as grid 
computing) lies with management in conjunction with the IT department. 

Table 3 presents the frequency of grid computing training undergone by university 
staff, while component analysis of grid (and grid-related) computing implementation is 
shown in Table 4. From Table 3, it is observed that most universities (61.8%) never 
provided any form of training/awareness on grid computing to its staff. This is a 
reflection of low adoption intention. Table 4 shows that internet connectivity and security 
of systems are at fairly above average levels of 3.3235 and 3.2843 respectively on a scale 
of 1–5, while collaboration among universities is either at an average or below average 
level. Collaboration is measured in terms of: sharing of educational resources using ICT 
(3.0882), and computer network-based communication (2.8922). Implementation of full 
grid system is at below average level of 2.6765. 
Table 3 Frequency of training on grid computing 

 Valid percent Cumulative percent 

Every three months 17.6 17.6 
Every six months 12.7 30.3 
Every year 7.9 38.2 
Never 61.8 100 
Total 100.0  

Table 4 Implementation of grid-related computing 

S/N Performance index Mean Standard 
deviation 

1 Connectivity of systems across departments via computer network 3.3235 1.15323 
2 Communication between the institution and other  

institution via computer networks 
2.8922 1.21791 

3 Sharing of academic resources between the institution and other 
institutions using information and communication technology 

3.0882 1.29051 

4 Security of existing institutional network 3.2843 1.17210 
5 Implementation of a full grid system 2.6765 1.31376 

Table 5 shows the exploratory factor analysis of variables affecting the adoption of grid 
computing. Forty variables were initially included in the survey to test the hypotheses 
relating to the DOI model. After three iterations, a total of 19 variables were dropped 
from the model either due to low communality or non-factor loading. Thus, 21 variables 
were included in the analysis. The extraction method found to produce the most 
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meaningful factor structure was principal axis factoring while varimax rotation with 
Kaiser normalisation was adopted. 

The 21 variables loaded on seven distinct factors. The factors are indicated, including 
their eigenvalues, percentage contributions to the variability of data, variables that loaded 
on each factor, and Chronbach’s α values indicating reliability/internal consistency of 
data. Two factors that had single variables were retained due to the high factor loadings 
and incompatibility with other factors. Though the eigenvalue rule (engenvalue ≥ 1) was 
adopted, in factor extraction, the scree plot also pointed to seven factors. Thus, the 
hypotheses were reformulated based on the factor loadings. 
Table 5 Factor analysis 

Factor Eigenvalue Variance 
explained Variables Factor 

loading (α) 

Resourcefulness of grid computing .854 
Enhancement of job satisfaction .783 

Enhancement of motivation  
and efficiency 

.760 

Essential for the institution .700 

Perceived 
benefits 

3.356 15.981 

Relevance to networking .488 

0.862 

Existence of grid computing 
in other schools 

.704 

Attitude of management 
to grid computing 

.586 

Awareness of grid computing .546 
Number of participating institutions .514 

Training exposure  
on grid computing 

.492 

Relevance of grid  
computing awareness 

.489 

Perceived need 2.340 11.142 

Acceptability of grid computing .426 

0.791 

Effective means of communication .797 
Time savings .630 

Communication 1.788 8.194 

Improvement of communication .521 

0.744 

Adequacy of facilities .779 
Power supply .524 

Grid computing permits laziness .813 

Facilitating 
conditions 

1.389 6.249 

Anxiety about grid computing .591 

0.516 

Compatibility 1.389 6.614 Accessibility to other  
institutions resources 

.607 1 

Observability 1.083 5.159 Utilisation of grid  
computing in other sectors 

.609 1 

For the purpose of testing the hypothesis, a regression analysis was carried out. Full 
implementation of grid computing was used as the dependent variable, while the 
extracted factors constituted the independent variables. The model had a fair predictive 
ability (R2 = 0.309). The ANOVA test produced an F value of 6.009 and a significance of 
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0.000, indicating a significant global influence of the extracted factors on grid computing 
adoption. The regression statistics is shown in Table 6. The t-values indicate that 
perceived benefits, perceived need, and facilitating conditions have statistically 
significant predictive capability. In other words, these factors exert a significant influence 
on the adoption of grid computing by Nigerian universities. The standardised beta 
coefficients indicate that the perceived need exerts the highest significant influence  
(β = 0.404, t = 4.694, p = 0.00) followed by facilitating conditions (β = .258, t = 2.992,  
p = .004) and lastly perceived benefits (β = .213, t = 2.470, p = .015). Thus, H1, H2, and 
H3 are supported, while H4, H5, H6 and H7 are not supported. Therefore, compatibility, 
observability, communication, and tolerance to deviancy do not have significant impact 
on the adoption of grid computing by Nigerian universities. 
Table 6 Regression statistics 

Unstandardised 
coefficients 

Standardised 
coefficients Model 

B Std. error 
 

Beta 
t Sig. 

(Constant) 2.676 .112   23.881 .000 
Perceived benefits .295 .120  .213 2.470 .015 
Perceived need .586 .125  .404 4.694 .000 
Communication .023 .127  .016 .182 .856 
Facilitating conditions .380 .127  .258 2.992 .004 
Tolerance of deviancy –.077 .131  –.051 –.590 .557 
Compatibility .178 .120  .128 1.484 .141 

1 

Observability –.052 .132  –.034 –.394 .694 

Note: aDependent variable: implementation of full grid 

6 Discussion of results 

An e-learning data grid of all technical and human resources of universities in Nigeria 
with all their resources fully shared and accessible would minimise the problems of 
insufficient technical resources and dearth of teaching staff in the universities. Table 3 
shows that 61.8% of the universities never made provisions for training/awareness 
programmes on grid computing for staff and students. In addition, the t-value (Table 6) 
shows that users perceived need (β = 0.404, t = 4.694, p = 0.00) for grid technology is a 
significant factor for adoption. The inability of users to understand the concept of grid 
and how it fits to their work environment is a major factor affecting the adoption of 
technology (Uzoka and Nzinge, 2009). Grid computing is largely undefined in the 
Nigerian tertiary institutions. 

Furthermore, the poor knowledge of the users about grid prevents them from 
perceiving the various benefits attached to it, particularly for teaching and learning. This 
is reflected in the results presented in Table 6 with perceived benefits having (β = .213,  
t = 2.470, p = .015). In the real sense, people will like to embrace any technology that 
they know about its benefits to them. Nigerian tertiary institutions are yet to have a full 
understanding of the extent to which grid system could facilitate research, teaching, 
learning and resource sharing. In Earl and John (2004), poor organisational (consumer) 



   

 

   

   
 

   

   

 

   

    An empirical study of potentials of adoption of grid computing 259    
 

    
 
 

   

   
 

   

   

 

   

       
 

demand for grid services and infrequent usage is attributed to inability of the 
organisations or consumers to visualise the merits of using grid services. 

Our result also shows facilitating conditions (β = .258, t = 2.992, p =.004) as another 
significant factor affecting the adoption of grid technology in the universities. Facilitating 
conditions such as electricity, ICT equipment (such as internet access, bandwidth size, 
software, personal computers, communication cables, routers), ergonomics facilities 
(such as lightings, air conditioner, furniture, etc.), and security facilities (e.g., firewalls) 
are expected to be adequate for grid system to work efficiently. A number of these 
conditions seem to be poorly developed in most developing countries such as Nigeria. 
Facilitating conditions have been identified in Won et al. (2009), Christian (2010), and 
Subhas and Arka (2011) as significant for grid technology adoption. 

Our result did not find communication as a significant influence on grid computing 
adoption because most respondents did not know much about grid computing and its 
benefits. The communication aspects of adoption (including the impact of grid on 
communication) are largely unknown by the potential adopters. In addition, with grid 
technology largely undefined in the Nigerian tertiary institutions, tolerance to deviancy 
will not be a significant factor to grid technology adoption. This is because a large 
population of the people in the institutions are not aware of it and as such, would not be 
anxious about its impact on their job performance and productivity. Since several people 
are not aware of grid technology, then observability will not be a significant factor for 
adoption of grid technology. 

7 Conclusions 

Grid computing is an emerging technology in the private and public sectors today. It is 
capable of enabling high-performance in environments where emphasis is on agility and 
the ability to optimise resources allocation. In this paper, we examined variables that will 
impede the adoption of grid technology in Nigerian universities. After three iterations, we 
were left with 21 variables that were included in the analysis and these variables were 
loaded on seven distinct factors. The t-values from the regression statistics indicate  
that perceived benefits, perceived need, and facilitating conditions exert a significant 
influence on the adoption of grid computing by Nigerian universities. The standardised 
beta coefficients indicate that the perceived need exerts the highest significant influence 
(β = 0.404, t = 4.694, p = 0.00) followed by facilitating conditions (β = .258, t = 2.992,  
p = .004) and lastly perceived benefits (β = .213, t = 2.470, p = .015). Our result shows 
that communication, tolerance to deviancy, compatibility, and observability do not have 
significant impact on the adoption of grid computing by Nigerian universities. 

In order to take advantage of the benefits associated with collaborative grid, 
management of universities need to invest in awareness programmes, workshops, and 
acquisition of grid resources. Grid computing relies on a number of existing technologies 
such as the internet, virtualisation, and reliable systems with reasonable computing 
power. In addition, universities need to work out a trust model for implementing grid 
technology. Three kinds of distributive computing trust models are identified in Sangroya 
et al. (2010). These include direct trust, transitive trust, and assumptive trust. In a grid 
computing environment, transitive and assumptive trusts are critical because of the  
inter-organisational exchange of data and programmes. Direct trust would be useful in a 
cloud paradigm where the cloud provider is the common trust entity that performs all 
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original entity authentications and the generation of credentials that are bound to specific 
entities. Factors triggering transition to the next stage Nigerian universities could evolve 
into a virtual meta-university with the adoption of grid technology. A four step, two tier 
model is proposed for such collaborative integration based on an adaptation of the model 
presented in Joseph et al. (2004), which recognises enterprise grid and partner grid. 
Figure 3 shows a proposed grid model for Nigerian universities. In the proposed model, a 
transition is proposed from the enterprise grid to the partner grid. 

Figure 3 Grid model for universities 

Factors triggering transition to the next stage 

 Need for direct 
interactions/transactions  
with other universities 

 Need for staff and 
faculty to work on same 
data and information 
with other universities 

 

 Opportunity to involve 
business process 
improvements as part of 
the increasing value 
from IT investment. 

 Convergence of web 
services standardisation 
and grid standardisation

 Increased requirement 
for value from IT 
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 Expanded impact of grid 
technology 
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At the level of the enterprise grid, universities can adopt infra and intra grids. Infra grid 
enables optimisation of resource sharing within departments in each faculty/school of the 
university. This provides a well controlled environment with defined business policies, 
integration and security requirements. The intra grid would enable a more complex 
resource sharing among faculties/schools within the university. This type of grid would 
provide a valuable experience in dealing with the more complex data security, data 
sharing, and required resource sharing policies. Such ‘campus’ grids would provide 
impetus for collaboration at an external level. 

The partner grids proposed for the university system would be defined at two  
levels – homogeneous level and heterogeneous level – in terms of the statutory objectives 
of the university. The universities in Nigeria could be categorised broadly as 
conventional universities, universities of technology, and universities of agriculture. The 
universities in each category have some homogeneity in terms of statutory objectives, 
research interests, teaching, and learning needs. Universities with some levels of 
homogeneity could form extra-grids, while the last stage would involve the collaboration 
of different extra-grids in an inter-grid configuration. 

In implementing the model proposed in Figure 3, a data classification scheme is vital 
(Kurta, 2010) along the lines of the categorisation of the university in terms of objectives, 
teaching, and research. Furthermore, universities should determine the extent of IT 
services that can be aggregated and why (Wheeler and Waggener, 2009). Based on the 
roadmap in Educase and Nacubo (2010), the following could be utilised by universities as 
the roadmap for commencement of grid adoption: 
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1 create a map of grid space 
2 create campus grid computing roadmap 
3 publish guide to departments and faculties to writing a business case for grid 

collaboration 
4 develop a costing template 
5 develop a risk assessment framework and guide 
6 develop a need-to-know guide for campus leaders 
7 identify and acquire skills needed for grid implementation 
8 develop and implement service agreements and policies. 
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