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Abstract—Like other HE institutes in the world, Libyan 

universities have continuously been working on developing 

their own ISs or adopting commercial solutions. Both models 

have shown negative results to some degree. This research was 

aimed, therefore, to introduce a new model, called: 

Collaboratively-Developed Enterprise Resource Planning 

(CD-ERP) to be applied in Libyan Higher Education (LHE). 

Generally, the model is based on two main principles: ERP 

packages and community-source. This study comes as the 

conclusion to a series of studies in a project to assess the 

CD-ERP model. After investigating the applicability of this 

model in the Libyan context, a CD-ERP model for LHE is 

proposed in this paper, including: the business model of the 

consortium, cloud architecture, alongside several 

recommendations for successful and efficient transformation 

from the current systems to the CD-ERP model. 

 
Index Terms—Collaboratively-developed IS, ERP, 

cloud-computing, multi-tenancy, community-source, Libyan 

Higher Education (LHE).  

 

I. INTRODUCTION 

As a developing country, Libya is struggling to invest 

more in information and communication technology (ICT) in 

many sectors. The higher education (HE) sector is one vital 

segment that needs a significant upgrading of information 

technology (IT). Using IT effectively in HE is considered to 

be a highly practical method of enhancing its performance. 

The issue of information system (IS) development is a crucial 

part of ICT [1], [2]. To deal with the issue of IS development, 

universities worldwide face the decision of whether to build 

their own system or outsource its development to a third party. 

Alternatively, many projects in the HE sector have followed 

the principle of community-source. Community-source 

(referred to as the collaborative development approach in this 

research) can be defined as a type of open source project that 

is governed by a consortium of educational institutions [3]. 

Also, the ISs currently used in Libyan universities are often 

outdated and should be replaced. It is a costly task to rebuild 

ISs from scratch. ERP was hence included in this model to 

avoid such a problem.  

The research question of this study is ―What form of 

CD-ERP is suited to the size and needs of Libyan universities, 

and the requirements of HE planners at national level?‖ To 

 
 

answer this question, a CD-ERP model is proposed after 

investigating the Libyan context, international experiences, 

and a literature review. This paper is organized into 6 

sections. Section I provides an introduction to the study. The 

theoretical framework of the study is discussed in Section II. 

Section III provides the background to the subject of the 

study including: a definition of the model, related studies, 

and findings from previous studies carried out by the research 

team. Section IV presents the CD-ERP model and its 

structure. A summary of the study, limitations, and 

constraints is provided in Section V. Section VI concludes 

the study with recommendations and directions for future 

work. 

 

II. THEORETICAL FRAMEWORK 

The theoretical framework provides a scientific 

justification for a study. This section presents the framework 

used in order to gain the information required to propose a 

suitable approach to the development of ISs in LHE.  In order 

to formulate the CD-ERP Model for LHE, the applicability of 

CD-ERP in LHE was questioned by conducting a series of 

studies, as shown in Fig. 1. Firstly, a deductive approach was 

followed, in which a literature review was used to draw 

conclusions about the core elements of the CD-ERP model. 

Secondly, lessons learnt from similar projects (referred to as 

international experiences) were included. Thirdly, an 

inductive approach was followed to study the Libyan context 

by conducting three case studies of Libyan universities. 

Based on the findings from these studies, the CD-ERP Model 

is constructed. 
 

 
Fig. 1. Theoretical framework of the study. 

 

III. BACKGROUND 

A. The Concept of Collaborative-Development 

―Community-based open source‖ is also described in short 

as ―community-source‖, while in this research it is called 

―collaborative development‖. It was first proposed by Brad 
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Wheeler and defined as a type of open source project which 

is governed by a group of educational institutions or even 

firms [3]. In a community-source project, a consortium of 

partners share their financial efforts and human resources to 

complete a project. Such projects are managed through a 

defined form of consortium governance [4]. In particular, 

CD-ERP is a new model of software development which is 

intermediate between two well-known models (closed- and 

open-source systems). 

B. Related Studies 

The applicability of the CD-ERP model to LHE was 

studied by examining both international experiences and the 

Libyan context. To our knowledge, this study is the first to 

deal with both sides. Little attention has been paid to 

international experiences of the community source approach. 

The studies that have been carried out on these projects 

generally regard their technical issues, rather than the 

consortium itself. Consortiums between universities have 

existed for a long time, e.g. the CINECA project in Italy [5], 

[6] which dates back to 1969, while the community-source 

paradigm was first applied by the KUALI [7] and SAKAI 

projects [8]-[10] in the United States. Similar projects have 

been implemented in Europe, Asia, and Africa, including; 

USOS in Poland [11], [12], the Sigma Suite and the CRIS 

Argos Suite in Spain [13], [14], FS University Consortium in 

Norway [15], [16], the AMUE system in France [17], Ladok 

in Sweden [18], and HisinOne in Germany [19], [20]. Other 

projects include development work on Sakai at both 

Cambridge and Oxford in the UK, and KUALI at Strathmore 

University in Kenya, JISC and UCISA in the UK, Surf in the 

Netherlands, AXIES in Japan, ASAUDIT in South Africa, 

and CUCCI in Canada [3], [4], [21]. 

The CD-ERP model presented here follows the principle 

of community-source in a similar way to those projects. 

However, our model differs, since it is based on ERP. Indeed, 

all of the projects mentioned have built integrated ISs based 

on existing codes/systems, e.g. the HisinOne project [20]. 

The fieldwork in Libya has indicated that the level of the ISs 

implemented in Libyan universities is very low and there is 

also a lack of capabilities for IS development. Moreover, it is 

challenging to integrate certain projects (for example, Sakai) 

with other enterprise software systems, such as ERP [22]. 

Therefore, the CD-ERP model is based on ERP, in order to 

avoid building integrated ISs from scratch and achieve faster 

and more reliable results. On the Libyan side, Bakeer has 

investigated the deployment of ISs in Libyan universities 

with an emphasis on the University of Misurata [23]. These 

studies neither discussed the development of ISs in Libyan 

universities as a whole, nor suggested any solutions. In 

contrast, this study proposes a solution to the issue of 

developing ISs by introducing the community-source 

approach as represented by the CD-ERP model. 

C. Findings from Previous Work 

This section presents some of the results of previous 

studies related to the applicability of the CD-ERP model. As 

mentioned earlier, three main data sources were used to 

construct a CD-ERP model: a literature review, the lessons 

learned from similar projects and results from fieldwork in 

Libya. Although some failures of ERP systems have been 

ascribed to their complexity and the high-costs of 

implementation, it has been observed that most of the 

problems with ERP systems are more related to 

administrative issues than technical problems. This indicates 

that ERP software itself does not lead to unsuccessful 

implementation [24], [25]. Also, international experiences 

indicate that it is beneficial to build a system on existing code 

that works at least fairly well. Some cases of international 

projects have faced difficulties integrating their systems with 

ERP packages. Libyan universities would, therefore, benefit 

from adopting ERP-based solutions and not having to build 

their systems from scratch. 

Concerning collaborative development, the findings have 

indicated that many benefits can be gained through following 

such an approach. For instance, following this approach is 

predicted to enable higher productivity and quality at lower 

cost, create a pool of locally available skilled resources, 

create leading-edge infrastructures and gather statistics from 

all HE institutes at national level under the Ministry of 

Education [26], [27]. Despite its difficulties, collaborative 

development has been adopted by many universities and 

government bodies worldwide.  Also, HE is a sector based on 

knowledge sharing and the collaborative-development 

approach is described as a ―perfect fit‖ for HE. Indeed, 

collaborative development can be viewed as a means of 

knowledge sharing, alongside other means of sharing, such 

as sharing costs or human resources. Additionally, the 

fieldwork in Libya has indicated that cooperation in IT has 

already been established between Libyan public universities. 

Indeed, some Libyan universities have adopted ISs which 

were developed by leading universities in Libya, such as the 

University of Tripoli and University of Benghazi. 

Another term used in the proposed model is ―Cloud 

computing‖ (CC). CC was added to the CD-ERP model, 

since it represents a great benefit to HE, especially when 

universities intend to work jointly. The growing interest in 

CC within the HE sector could be a result of many factors, 

including the possibly of cost sharing [28]. Although security 

matters are a challenge, there is no absolute failsafe method 

providing security or data protection in any system. Higher 

Education Institutes (HEIs) have to overcome their fears. 

Furthermore, as CC already has a relatively long history, 

there are well-known service providers, as well as practices 

and models for CC. This helps minimize the risks and creates 

conditions for efficient and secure activities in the Cloud. In 

fact, some risks associated with CC could be alternatively 

viewed as benefits, such as: storing data and applications in 

CC will definitely save them in the case of a disaster. Also, 

due to the high level of protection in CC, data and 

applications are often better protected than on companies’ 

local servers [28]. However, developing a Cloud architecture 

for HEIs may be challenging and must take the following into 

consideration: the purpose and infrastructure of the 

institution itself; and national rules and regulations [29]. 

Moreover, multi-tenancy allows a variety of organizations 

to securely take advantage of a single application, which 

reduces costs and increases operational efficiency, while 

various degrees of isolation or sharing could be implemented. 

There are a number of reasons why multi-tenancy 
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architecture is part of the CD-ERP model. First of all, many 

of the challenges of adopting multi-tenancy architecture, 

such as security, regulations or scalability, come from 

gathering completely different organizations into one project. 

Libyan universities are organizations which share common 

characteristics and, in particular, are geographically clustered. 

Also, a central organization (the Libyan Ministry of 

Education) delivers common services to multiple IT 

sub-departments (of Libyan universities) that also have 

autonomous portfolios for service delivery. It seems natural 

that these universities would benefit by sharing management, 

infrastructural and application development costs by 

adopting a multi-tenancy architecture [28], [29]. Also, in the 

case a university requiring a custom user interface with a 

unique brand or logo, multi-tenant applications are 

configurable in this way. In particular, customizations can be 

implemented during runtime, since the source code does not 

need to be modified. This, in return, ensures that the updates 

by ERP vendors would run smoothly. 

 

IV. THE CD-ERP MODEL 

To answer the research question, the authors provide the 

proposed CD-ERP Model, including: the proposed model of 

collaboration, the business model of the consortium, the 

consortium structure (governance model), the CC 

architecture and several recommendations embedded for 

successful and efficient transformation from the traditional 

system into a CD-ERP system. 

A. Overview 

 

 
Fig. 2. Cloud ERP for HE institutes (Authors’ own work, activities were 

classified on the basis of the model of business activities in HE institutes 

presented by [30]. 

 

The name of the Model: Collaboratively-Developed, 

Cloud-Based Multi-Tenant ERP Systems (in short: CD-ERP) 

Definition of the model: CD-ERP is a model of software 

development which is intermediate between two well-known 

models (closed- and open-source systems) in which both the 

administration and the development costs are shared among 

the beneficiaries (here Libyan universities under the direction 

of the Libyan Ministry of Higher Education). The CD-ERP 

model is a comprehensive and secure version of Cloud-based 

ERP that is developed jointly (or at least the development is 

jointly guided) by educational institutes to provide access to 

current information to all their stakeholders via a range of 

devices. The administration and development costs are 

determined in the form of an agreement, where rights and 

duties are also defined. This model is aimed at both LHE 

institutes and planners of LHE at the Ministry of Education. 

With the adoption of cloud-based ERP solutions, it is 

projected that various universities and colleges will have 

their business activities computerized in one integrated 

system as shown in Fig. 2. Based on the model of business 

activities in HE institutes presented in [31], all of the business 

activities in HE institutes are classified into educational, 

research and other activities. This ensures that different types 

of institutes can join the consortium, regardless of their types 

and sizes. For instance, research institutes can benefit from 

ISs dedicated to research activities only or any other 

activities.  

B. The Proposed Model of Collaboration 

This section presents a proposal for the form of 

collaboration among the members of the consortium based on 

the findings from the fieldwork in Libya, the international 

experiences and the literature review. We cannot say whether 

the proposed model is considered to be outsourcing or 

insourcing, or whether it is onshore or offshore. In fact, the 

CD-ERP model is a hybrid one in which the ERP part follows 

an outsourcing approach, while universities collaboratively 

develop the system and configure/customize open-source 

ERP using an onshore approach. Additionally, this model is 

not simply about traditional forms of collaboration, but rather 

about developing ISs collaboratively for all the beneficiaries 

(Libyan universities under the direction of the Libyan 

Ministry of Higher Education). The approach of 

collaborative development can be applied to several sectors, 

such as universities, governments, and the private sector.  

C. Proposed Business Model of the Consortium 

The proposed structure is based on the findings of the 

study. The business model is summarized in the following 

points: 

1) Type of Consortium: a nonprofit consortium of Libyan 

universities and research institutions, as well as the 

Libyan Ministry of Higher Education. The consortium 

should provide high-performance computing services, 

such as hardware resources, software application and 

human expertise.  

2) Consortium Structure (Governance Model) – as 

illustrated in Fig. 3, the consortium consists of two main 

bodies, namely: the Consortium Council, Board of 

Executive Directors, and other committees as required, 

such as a committee of development partners. The 

consortium council is composed of the rectors/delegates 

from all of the Libyan educational organizations (public 

universities, private universities, community colleges or 

research centers) that have joined the consortium with 

equal voting rights. The executive directors consist only 

of the core members, since involving all the members in 

every detail of the work would slow down development 

too much. 

The board of executive directors is responsible for the 

development, organization, and management of the 

ERP 
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consortium's activities. Technically, the executive directors 

have overall control of most of the tasks, such as initiating 

projects, proposing budgets or generating reports. The final 

approval of these tasks is, however, the responsibility of the 

consortium council. This kind of structure ensures that all 

members would have the right to be involved in decision 

making.  
 

 
Fig. 3. Consortium structure (governance model). 

 

Other committees could be set up as required with a 

minimum of three committees, namely: Committee of 

Development Partners, Technical Committee and Legal 

Affairs Committee. Local companies that wish to take part in 

the project can be admitted to the Committee for 

Development Partners. In return, these companies would 

have priority to become involved in consortium projects. The 

idea of such a committee comes from the international 

experiences, e.g. the Kuali project has a similar structure, as 

well as the findings from the fieldwork in Libya, since all 

three universities studied host their data in the same local 

company. The technical committees (e.g. development 

committee, security committee, networking committee) work 

as consultancy committees to the executive directors. Finally, 

the Legal Affairs Committee is to handle compliance with the 

law, the consortium’s statute and the principles of proper 

management. Each committee may consist of units handling 

their practical assignments. For example, the development 

committee may consist of a database unit, applications unit, 

web development unit, or any other required units. 

1) Source of funding – New members must pay a joining 

fee. Also, annual fees are paid on the basis of the project 

budget and the size of the member. Members of the 

Development Partners committee (companies) are also 

subject to fees and providing IT services to community 

members. The level of participation of members 

determines the privileges granted.   

2) Goals of the consortium:  

a) Developing the ISs needed by the members or at least 

guiding the development of such ISs.  

b) Fully operational ISs to be made available to 

members, together with technical support covering all 

subsystems and modules. All the members are to be 

provided with open source ERP-based integrated 

systems. These systems will be developed 

collaboratively in such a way that ERP modules will 

be customizable to meet an LHE's unique needs. 

Customization is advised only for processes that are 

critical, in order to avoid the shortcomings of heavy 

customization. 

c) Source code will be available on-demand to 

institutions participating in the project, with no limits 

on end-users or installations. Fees will be based on 

the size of a member, which will ensure that even 

small institutions can join the consortium. 

d) The system will be multi-tenancy. It will be possible 

to carry out customization during run-time. The ERP 

core code will not be modified, which will allow the 

ERP vendors to run upgrades/updates smoothly. 

D. The Cloud Architecture 

The implementation of CC in HEI faces many challenges, 

which may vary from technological aspects to national rules 

and regulations [32]. Based on both the private cloud and 

educational cloud architecture for HEI presented by [31] and 

the model of a hybrid cloud presented by [21], the following 

model of CC is recommended (see also Fig. 4): 

1) Each university will possess its own private cloud. The 

sharing of data on a private cloud with other universities 

will be banned. Such clouds will store sensitive data and 

applications relevant only to a particular university. The 

type of data held in a private cloud will be referred to as a 

university’s internal data, which will comprise all the 

data that a HEI owns. 

2) The Libyan Ministry of Higher Education will own a 

community cloud, called an ―Academic Cloud‖. 

Institutional data will be generated by all of the 

universities participating in this academic cloud. The 

Ministry of Higher Education will be responsible for 

ensuring the integrity of these data. Consequently, 

institutional data will be shared with other universities, 

as well as being monitored and controlled by the 

Ministry of Higher Education. This will eliminate 

duplication and universities’ stakeholders, e.g. students 

and academics will also benefit greatly from avenues for 

sharing knowledge and research among HEIs. 

3) A hybrid cloud will be designed to enable the portability 

of data and applications between the academic cloud and 

the private cloud. 
 

  
Fig. 4. The CC architecture proposed for the CD-ERP model. 

 

V. CONCLUSION 

This study has discussed the possibility of introducing the 

CD-ERP Model in LHE. CD-ERP represents a very 

promising solution to LHE which offers considerable 

benefits. This article has proposed a business model for such 
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a consortium, together with a Cloud architecture and several 

other recommendations aimed at ensuring a successful and 

efficient transformation from the current systems. The model 

presented is a new approach to system development. The 

conclusions were based on the results of the case studies. 

Hence, the generality of these conclusions are unclear. In fact, 

the case study approach has often been questioned, since it 

investigates a person, group or organization rather than an 

entire population. For this reason, the authors tried to include 

as many case studies as possible, based on the research 

schedule. However, due to the recent instability in Libya, the 

authors were unable to include more cases. Regarding the 

examples of international projects using a similar approach, 

the authors intended to use a deductive method using data 

collected from online questionnaires based on the 

SERVQUAL model. These questionnaires were sent to the 

administrators of these projects. Unfortunately, none of them 

responded to the researcher. Thus, the authors suggest that 

further study of other projects which use a similar approach is 

required.  

 

VI. RECOMMENDATIONS AND FUTURE WORK 

As presented in Section III, the community-source 

approach is a successful model, since there are a considerable 

number of projects across the world that continue to use such 

models. However, the authors recommend that the 

implementation of this approach in the Libyan context should 

be studied through the establishment of a research team that 

will conduct comprehensive multidisciplinary examinations 

based on multiple case studies of Libyan HEIs.  The authors 

also recommend investigating the factors of success and 

failure involved in adopting a CC model and multi-tenancy, 

including architectures, economic factors, performance, 

maintenance and scalability. The legal and regulative issues 

involved with adopting a CD-ERP model should also be 

studied. 
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