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Today, new information and communication technologies (ICT) have been involved in all 

parts of life, such as medicine, engineering, and even social life. One of the most effective 

ways to use ICT in a beneficial way to human life is education. Some universities use e-

learning systems to increase the learning rate and accessibility. In this study, we have 

compared the learning management systems (LMS) using criteria developed according to 

the opinions of educational technology experts by focusing on open source systems. The 

learning management systems used in this research are Moodle, OpenedX, and SAKAI 

due to their popularity and widespread use. The results of this study can help decision-

makers looking for an LMS that suits their needs to select the systems that meet their 

requirements. In our research, we have collected and combined many comparison criteria 

for LMSs from previous studies and then developed novel criteria set by adding new 

points of comparison. Moreover, we proposed a new evaluation methodology. In this 

thesis, we have described the method we have introduced in detail and presented how each 

LMS performs in each criterion. We found that Moodle has the best features compared to 
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others. According to our evaluation method, Moodle scored the highest score (69 out of 

74), followed by OpenedX (63 out of 74) and Sakai (58 out of 74). 

Keywords: e-learning, learning management system, comparison criteria, Moodle, 

Sakai, OpenedX 
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EĞİTİMDE ÖĞRENME YÖNETİM SİSTEMLERİ KULLANIMI: AÇIK KAYNAK 

ÖĞRENME YÖNETİM SİSTEMLERİNİN KARŞILAŞTIRMASI 

 

YOUNUS Ahmed Imad Younus 

Yüksek Lisans, Bilgisayar Mühendisliği Anabilim Dalı Bilgi Teknolojileri Programı 

Tez Yöneticisi: Dr. Öğretim Üyesi Murat SARAN 

Eylül 2019, 61 sayfa 

Günümüzde, modern bilgi ve iletişim teknolojileri (BİT) tıp, mühendislik ve hatta sosyal yaşam 

gibi yaşamın tüm kısımlarına dahil olmuştur. BİT’i insan hayatına faydalı bir şekilde kullanmanın 

en etkili yollarından biri Eğitim'dir. Bazı üniversiteler, öğrenme oranını ve erişilebilirliği arttırmak 

için e-öğrenme sistemlerini kullanmaktadır. Bu çalışmada, popülerliği ve yaygın kullanımı 

nedeniyle açık kaynaklı sistemlere odaklanarak ve eğitim teknolojisi uzmanlarının görüşlerine 

göre oluşturulan karşılaştırma kriterlerini kullanarak e öğrenme yönetim sistemlerinin (LMS) 

karşılaştırmasını yaptık ve sonuçları sunduk. Bu araştırmada kullanılan sistemler Moodle, 

OpenedX ve SAKAI’dir. Bu çalışmanın sonuçları, taleplerine uygun bir LMS arayan karar 

vericilere gereksinimlerini karşılayan sistemleri seçmelerine yardımcı olabilir. Araştırmamızda 

önceki çalışmalardan birçok karşılaştırma kriterini toplayarak birleştirdik ve daha sonra yeni 

kriterler ekleyerek geliştirdik. Sonuç olarak, LMS karşılaştırmaları için bir kriter seti oluşturduk 

ve yeni bir değerlendirme metodolojisi önerdik. Bu tezde önerdiğimiz metodolojiyi ayrıntılı olarak 

açıkladık ve her bir LMS’nin her kriterde nasıl performans gösterdiğini sunduk. Moodle’ın 

diğerlerine göre en iyi özelliklere sahip olduğunu bulduk. Önerdiğimiz değerlendirme yöntemine 

göre Moodle en yüksek skoru aldı (74 üzerinden 69), sonrasında OpenedX (74 üzerinden 63) ve 

son sırada Sakai (74 üzerinden 58) yer aldı. 

Anahtar Kelimeler: e-öğrenme, öğrenim yönetim sistemleri, karşılaştırma kriterleri, Moodle, 

Sakai, OpenedX  
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INTRODUCTION 

From the beginning of the development circle, human life has been affected by it and real 

change accelerated with the invention of computers. Many fields related to the computer 

were related to human needs. Most notably in the educational field, many techniques have 

been improved and from those fields came e-learning. Many higher institutes in developed 

countries have increased their learning and teaching rates [1]. Many researchers clarify 

the aspect of information and communication technology (ICT) to enhance the e-learning 

effect [2]. E-learning has an on many countries including developing countries such as 

Rwanda [3] [4].  

Using e-learning management systems has many benefits that can be summarized thus [5]: 

1. Learning management systems are used to manage distance learning and online 

systems as examples. 

2. Learning management systems give the ability to create and support many online 

learning courses that are accessible for many students around the world. 

3. Online Quizzes, which provides the learner with challenges and can be a good 

measurement for the class understanding. 

4. Course repositories, is where you can find the materials for subjects and the 

availability of them is a crucial need. 

5. Good community environments to exchange ideas between students and 

instructors. 

6. Mailing ability. 

7. Multilingual interfaces. 
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1.1 Aim of the Study 

In this study, we make a comparison of e-learning management systems and we focus on 

open source systems and provide results with criteria according to the opinions of 

educational technology experts. We will be comparing between three open source learning 

management systems: Moodle, OpenedX and Sakai. This will help decision makers who 

are searching for systems that suits their demands and select systems that meet their 

requirements 

1.2 Significance of the Study 

Migration from one LMS (Learning Management Systems) to another is a challenging 

process that might contain a full reconstruction of course materials or even websites. Since 

decision-makers will be responsible for their LMS choice, they must choose the right 

systems that meet their requirements. In our study, we provide a benchmark with criteria 

that makes the selection decision easier for them without repeating the evaluation process 

that shows the strengths and weakness of LMS systems. Our criteria are standardized and 

determined by educational technology experts on e‑learning systems. 

1.3 Research Questions 

1) What are the evaluation criteria that determine the LMS system that best meets 

academic needs according to the educational technology experts? 

2) Which of the widely used open-source learning management systems such as 

Moodle, Sakai, and Openedx meets the criteria set by educational technology 

experts at the highest level?  
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1.4 Related Work 

Many people around the world found their missed need for learning through the Internet, 

especially online courses on what is known currently as distance learning [6]. Therefore, 

many universities and institutes have focused on increasing their teaching rate with e-

learning and found the opportunity with that learning [6] [7]. Many researchers have 

studied different LMS systems and measured them with different criteria. A study made 

by Cavus and Zabadi [8] focused on six open-source LMS systems: Atutor, Claroline, 

Dokeos, Ilias, Moodle, and Sakai.  

The comparisons were between those systems from different aspects.  

The main comparison points were: 

 Whiteboard/video services; 

 Discussion forums; 

 File exchange/internal mail; 

 Online journal mail; and 

 Real-time chat. 

The work concludes that Moodle is one of the best LMS systems among the other LMS 

systems with a rating of 8.3 and a high number of users around the world with 70,696,570 

users in June 2013. Moreover, the conclusion stated that Moodle and ATutor were the best 

in terms of friendly user interface and accessibility of information, Ilias was excellent 

from the perspective of availability. On the other hand, Sakai and Claroline provide a 

complexity of content, which makes it difficult to retrieve information. All the systems 

mentioned in the paper have a discussion forum. At the end of the paper, the authors gave 

promising hope regarding the developments of LMS systems and stated that it might be 

challenging to decide which LMS would be the best in the future. Fertalj, Jerkovic, and 

Hlupic [9] published a paper comparing ten   
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LMS systems and discussed four main issues: 

 Proprietary of Learning Management Systems; 

 Open Architecture in Learning Management Systems; 

 Mainly proprietary and partly standard-based Learning Management Systems; and 

 Mainly standard-based Learning Management Systems and partly proprietary 

Learning Management Systems 

The conclusion stated that the “standard/proprietary” systems at the current time lead the 

e-learning market as well as the near future and that Moodle has the largest community 

and ranked the LMS in the Table 1.1. 

Table 1.1: Rankings of compared LMS Systems [9] 

Rank LMS Type 

1 ANGEL 6.2 Standard/Proprietary 

2 WebCT Vista 3 Standard/Proprietary 

3 Black Board Academic Suite Standard/Proprietary 

4  +Ecollege AU  Proprietary/Standard 

5 .Moodle 1.5 Open 

6 Sakai 2.0 Open 

7 Learnwise  Proprietary/Standard 

8 Learning Manager Enterprise 

Edition 

Proprietary/Standard 

9 Jenzabar Internet Campus 

Solution 1.03 

Proprietary 

10 Claroline 1.4 Open 
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In other work performed by Subramanian, Zainuddin, Alatawi, and Javabdeh [10] the 

success of the online LMS systems was discussed from the perspective of learning and 

interactive structures. Moreover, the paper presented a discussion of the harness effect of 

LMS systems on students’ ability to take action during an online course. They compared 

the basic functionality of the LMS systems regarding the (1) Communication tools, (2) 

Productivity tools, (3) Student involvement tools. 

[11] suggests ten factors to measure any LMS system regardless of the size or the 

environment that uses that LMS. These factors include the following:  

 Technical support 

 Design 

 Friendly interfaces 

 Repositories that are well designed 

 Organized objectives 

 The ability to administer a course 

 Sharing and interactions between users 

 Feedback 

 Profiles 

 Pedagogy 

As a final result, the paper declared Moodle to be the best LMS virtual learning system 

with the necessary tools that transform and update the present educational system. Again, 

they claim that it is too early to determine which system is better in the future. Another 

work has suggested that the students' needs might differ from one another. In that study, 

they found that the students on the commuter campus preferred learn-to-learn methods, 

while the residential campuses preferred more interactions within the content of the course 

[12].  
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In conclusion, the user's requirements will continue to change from time to time and from 

one place to another, and we will always encounter different people with varying opinions. 

Here, using standard factors will provide accurate feedback on any LMS system appearing 

or being developed in the field. 

1.5 Thesis Structure 

This thesis consists of five chapters. Chapter 2 presents a review of the literature about 

the systems. Chapter 3 explains in further detail the methodology of the LMS systems we 

selected for this thesis. Chapter 4 presents the results of the practical part, and Chapter 5 

concludes the work and the results and discusses future work. 
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LEARNING MANAGEMENT SYSTEMS 

2.1 What are Learning Management Systems (LMS)? 

As we all know, the regular classroom has an open environment and gives the student 

more to interact with the lecturer. On the other hand, many students lack the courage to 

participate in class, and this directly affects their academic requirements. Here appears the 

online learning to cover those learning objective needs for users and especially students 

[13] [14] [15]Moreover, forums have expanded the community of LMSs further and 

enable sharing of knowledge between students, especially when there is the ability to 

interact with users and the instructor [16]. Additionally, there are no constraints on time 

or place [17], and opportunities are provided not to attend a real class for people with a 

fear of participating in a class [18].LMSs have been designed to transform the manner of 

learning [19] and were fully commercial initially [20]. An LMS should have the ability to 

manage, track, and deliver learning to different groups of people regarding their work or 

educational backgrounds [21]. 

2.2 Types of LMS 

There are different types of LMSs, and most vary in their design but share the same 

concepts. To understand conventional LMSs, it is necessary to clarify their categories 

according to the central ideas underlying their design and architectures. 

The most common types of LMS are as follows:  

CHAPTER 2 
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2.2.1 Free vs. Commercial 

Comparing to the commercial, the free or the open-source LMSs have a direct impact on 

the users. Firstly, it is free. Secondly, the source code is available, which makes it 

customization regarding the user demands easy. The commercial provides the user with 

the support from the developers, and it is easier to maintain. The only problem in these 

LMSs is the cost.  

2.2.2 Installed vs. SaaS (Software-as-a-Service) 

The difference between the installed and the SaaS products is that the installed one 

required hardware only specification such as memory. This one offers the user the ability 

to maintain and update the system, but it requires staff to manage these operations. 

Otherwise, the SaaS software does not require and expensive cost for hiring a team for 

updating the maintenance, and it also assures a high availability with a small cost 

depending on the software [22].  

2.3 Main Elements of LMSs 

The following elements are the central parts of Learning Management Systems to exist: 

1. Hardware: Many devices, such as PCs, smartphones, notebooks, iPads can be 

used to access an LMS. Such devices provide different media support, including 

pictures, videos, and many other types of mediums. Initially, PCs and notebooks 

were the only devices being used to access LMSs. With the modern technology 

revolution, usage has expanded to include mobile phones and notepads. 

Additionally, networks such as WAN, MAN, WLAN, or even Intranets are central 

parts of modern LMSs; these are the communication elements in an LMS. CDs 

and DVDs can be elements in some hybrid LMSs [21].   
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Figure 2.1: LMS hardware parts [21] 

2. Software Component: The software is the most critical element in an LMS 

because it contains the materials and the environment of the class. The main 

features that should be found in any software component for an LMS are 

accessibility, customization, and flexibility. Moreover, software components 

should support the materials in different representations such as HTML that 

contains PDF, Word, or even PowerPoint slides and animations [23]. The courses 

and course materials are designed by tools developed by companies and those 

companies most of the time charge money for the use of those tools, including suit 

authoring tools developed by Macromedia and Adobe companies (known as 

"Macromedia Authorware" and "Adobe eLearning Suite." Additionally, we have 

the online Authoring Tools that are provided by websites such as UDUTU as an 

example of that kind of LMS. Here, we can either use it on the website or download 

materials to our own LMS [24]. The last version of authoring tools is open source. 

These can be used gratis, and they can even be modified in their source code 

without any violation of licenses. Table 2.1 and Table 2.2 list commercial and open 

source authoring tool  
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Table 2.1 Commercial Authoring Tools  

Tool Owner Website 

Wondershare Rapid E-Learning 

Suite 

Wondershare http://www.sameshow.com/e-

learning-suite.html 

Adobe e-Learning Suite Adobe www.Adobe.com 

Macromedia Authorware Macromedia No longer supported after Adobe 

merged with Macromedia 

Articulate e-Learning Software 

tools 

Articulate http://www.articulate.com/ 

Table 2.2 Open Source Authoring Tools 

Tool Owner Website 

UDUTU online Course 

Authoring 

UDUTU http://www.udutu.com/index.html 

Exe Authoring Tool The University of 

Auckland, 

Auckland University of 

Technology, 

Tairawhiti Polytechnic 

www.exelearning.org 

Xerte and Xerteonline 

toolkit 

University of Nottingham http://www.nottingham.ac.uk/xerte/ 
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2.4 Learning Management Systems Anatomy 

An LMS may be defined as software that provides learning and teaching processes and 

tracks them for users regardless of whether users are lecturers or students. An LMS and 

an open-source installed-free portal are connected to a database and manage the content 

of courses with the user interface and record actions to retrieve them when necessary [25]. 

A sequence of actions can be handled by installed-free system and those actions consists 

of accessing courses, memorizing the progress of the education and generating statistical 

information for all the usage of the content, recording the time that users spend on a 

course, recording the start and end times of courses and recording courses in which users 

are interested and in which they might enroll [26]. Such information helps to save time 

for suggestions of courses, and it can give a clearer understanding of the effect of a course, 

thereby saving time and reducing costs [27]. 

2.5 Comparison of Learning Management Systems 

Many papers have covered LMS comparisons, with criteria varying from paper to paper. 

Some have covered insufficient features while others have covered as many features as 

possible to make better comparisons. We searched for various papers to determine our 

criteria. Some papers used experimental evaluations, and some focused on comparing 

different LMSs. To select the proper LMS, we need to use many factors as criteria [28].In 

2007 [29], a paper presented a study on the comparison methods that have been used from 

1998 until 2007. The paper stated that from 30 papers, 17 focused on feature comparisons 

while others compared them with different criteria. However, the work did not gain 

attention on account of the technical comparisons. There should be an amount of 

flexibility when selecting any LMS, and this would offer various options to both tutors 

and students and make it useful for pedagogy. From a study in 2005, the study concluded 

that 94% of higher educational facilities in the US studied using one LMS, at least during 

the study [30]. Due to the functionality of LMSs, the complication increases. 

Nevertheless, there is a study stating that an LMS should be centered around three main 
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points: usability, reliability, and support [31]as the main criteria. Secondary criteria 

include [32]: 

 financial support 

 integrity 

 long viability 

 pedagogy 

 technical support 

Nowadays, users' attitudes attract functionality over any other criteria. The reason for this 

is the direct connection between functionality and users' need for moderating the LMS 

and for content manipulation. In our work, we depend on criteria that are focused on the 

functionality of an LMS. To make a good comparison, we need to identify the 

functionality of the LMS. According to [33], functionality is the software mechanism to 

overcome users' demands under the control of the constraint. We can also use the 

functionality to scale the satisfaction of users for the LMS they are using [28]. There are 

four functionality features created by [29] and [34]. The criteria have been inspired by the 

work of Abdullatif [35]. The main criteria include the development of courses, activities, 

tracking courses, assessments, and learners' communication. We dropped the additional 

criteria such as news and calendar. The criteria we used were the results of work from 

many previous papers, and by using those combined features, we were able to obtain a 

pure technical criterion that serves user needs.  

Eight main factors have been identified by Hoffman to measure any successful 

technology [36]:  
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1. Administration: Any technology needs to be supported by facilities by providing 

the appropriate staff and assisting them with their needs and requirements. 

2. Technical support: Any technology can be complicated and needs to be 

developed rapidly, so it is necessary to provide the appropriate staff with the right 

skills and experience to train and develop the team that will use the technology.  

3. Availability: Any technology should be available as the user needs it, and it needs 

to be accessible at any time when requests appear. 

4. Use Plan: Funding is essential for any technology, and there must be a plan for its 

implementation. A plan may last between 3 and 5 years to ensure that a system is 

developed through the stages of the plan. 

5. Coordinator: For any technology, there must be a person that controls the 

workflow and assists in training to create a capable system. 

6. Maintenance: Installation and continuous maintenance of the system assure that 

the system will work effectively for an acceptable period. It might struggle when 

there is a problem in the system, but there will be a higher probability for the 

system to work rather than fail or become disabled. 

7. Assessment: Consideration for any system to succeed needs to be calculated, and 

that score can be collected from scoring test systems to provide a clear view of the 

system working. 

8. Broad Participation: For any system, there must be an implementation for it. 

Therefore, this implementation cannot be performed by one person. There must be 

staff with different skills cooperating to work on a successful implementation.  
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2.6 Learning Management Systems Used in This Study 

All the LMSs used in this study are open source. The benefits of open source software are 

its lower cost, high reliability, flexibility, and quality [37]. These criteria determine 

whether software would be considered an open-source based on the Debian Free Software 

Guidelines [38]. The main reason for this concept to offer the source code of the software 

to others and permit them to reconstruct and modify the software freely under the general 

public license (GPL or GNU). Open-source software is more flexible than commercial 

software due to the ability to customize open-source software. Additionally, usability is 

better in open-source software. Most modern facilities and schools have adopted open-

source software, most notably LMS, which is the reason for its suitability within the 

educational style of those institutes. In contrast, commercial LMSs cannot cover every 

user's demands, and it does not suit the style of the educational philosophy. Open source 

LMSs are more flexible than commercial software, and they can be modified to meet users' 

needs [39]. 

2.6.1 OpenedX 

OpenedX is an open-source LMS platform founded at the end of 2013 as a collaboration 

from many institutions the most well-known of which are Harvard University and MIT. It 

now provides many users with courses from different sections, and many courses have 

been added by leading universities, such as Harvard, MIT, and Boston University. Even a 

prestigious organization provides courses on OpenedX, including organizations such as 

ETS, Microsoft, UC Berkeley, and the Linux Foundation. Later, Google shared its 

knowledge with edX and transformed into MOOC, an acronym for Massive Open Online 

Courses. In this work, we used the Ginkgo.2 versions [40]. 
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Figure 2.2 OpenedX user interface 

2.6.2 Moodle 

Moodle is an acronym for Modular Object-Oriented Dynamic Learning Environment and 

is an open-source LMS. It has many features that make it one of the more popular e-

learning applications. In addition to being an LMS, it is also a Course Management System 

(CMS) and a virtual learning environment (VLE) [41] [42]. Moodle has more than 98,862 

registered sites distributed among 234 countries with 129,433,013 

users [http://moodle.org/stats/]. Moodle has eighty languages and a Graphical User 

Interface (GUI) [Moodle.org, 2018]. It was created by Martin Dougiamas during his Ph.D. 

study [43]. Moodle has many features, such as content management, multi-support from 

many applications, communication with others in a course, quizzes and exams, and 

community sharing. Moodle has an independence platform, which means it stores 

information in separate storage systems such as databases and it supports many versions 

of database management systems, including Oracle, Microsoft SQL Server and MySQL 

[44]. Moreover, it is fully open-source and can be copied and modified under the GNU 

license [41] [43]. In this study, we used version 3.4.2+ of Moodle [41] 

http://moodle.org/stats/
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Figure 2.3 Moodle graphical user interface 

2.6.3 Sakai 

Sakai is one of the most popular LMSs known in the market. It is an open-source LMS 

with a vast global community of users. It also provides users with many tools, such as 

teaching tools, generic collaboration tools, and workspace tools [45]. Sakai was developed 

by four American universities (MIT, Stanford University, University of Michigan and 

Indiana University) in collaboration with the Jasig organization in 2004. After the initial 

development, many universities and colleges joined the original four universities in the 

project (such as the University of California, Berkeley University, and Foothill 

Community College). Each of these universities contributed tools to the project known 

now as the "Sakai Project," which was originally funded by the Mellon Foundation. The 

most significant contributor was the University of Michigan, which named the LMS Sakai 

due to the critical effect on the project by the project leader Hiroyuki Sakai. The project 

was developed in the Java programming language and was available officially in 2005. 

With more than 350 facilities around the world using it, and having been translated into 

more than 20 languages, Sakai has served approximately 5.25 million students, one 

million of whom are outside the U.S. In our work, we used the 12.0 version [46] for the 

installation for the LMSs used in this work see (Appendix A)  
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Figure 2.4 Sakai user interface 

2.7 Market Share 

Most software yields to the competition between companies. The software industry is a 

multi-billion-dollar industry. Nowadays, the foundations of LMSs endeavor to exceed 

their rivals by adding many new features or by updating the current version according to 

user demand. This kind of competition has contributed to the development of LMSs over 

the past years, and it has brought LMSs into their current form. Initially, many LMSs had 

fluctuated in the market, and many of them leveled off for many years. Although the 

famous names in LMSs, such as Sakai and Moodle, dominated the market for many years, 

many LMSs have been brought to the forefront because of their compatibility with users' 

needs. By comparing the requirements of many institutes and educational centers, each 

region wants different claims, and this returns the orientations of the people in that area. 

By taking the US as an example of the market share for LMSs, we found that many LMSs, 

such as Canvas, arose dramatically and surpassed even the widely used LMSs, such as 

Sakai, while Blackboard gradually decreased but still ranking first as the most used LMS 

in the US until March 2018. Moreover, the market in the US tends to commercial LMSs, 

and the study has compared open-source LMSs in order to bring the best among them to 



 

18 
 

the front interface and focus the attention of the developers on them. Figure 2.5 shows the 

US market share of LMSs until march 2018.  

 

Figure 2.5 Market share of LMSs in the US 

However, there is a need to mention many countries for this kind of comparison, and this 

will create ambiguity for the researcher due to the large differences in users' requirements. 

In 2017, a comparison provided by the Edutechnica website [47] illustrated that most 

LMSs are used in four countries (US, Canada, UK, and Australia), and by looking at the 

statistics of the study, there is a clear contrast in the usage of the LMSs in those countries. 

For instance, in the US, the most used LMS is Blackboard, which is a commercial LMS, 

while in Canada, Moodle (an open-source LMS) has invaded the market. An identical 

scenario applies in the UK except that it has a higher value for Blackboard than in Canada. 

Finally, in Australia, Blackboard dominates over other LMSs and competes with Moodle, 

which is the second most used LMS in Australia.  
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Figure 2.6 LMS usage in different countries in the fall of 2017 

 

Figure 2.7 LMS Usage data from LISTedTECH [48]  
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Another source from (LISTedTECH) which appears Moodle is the most used one in 

(Europe, Latin-American, and Oceania) after Moodle Blackboard is used one in thus 

countries, in North America Blackboard is common after that is Moodle. 

The learning management systems evaluated in this study have been selected according 

to their market share. The first two widely used open-source learning management 

systems, namely Moodle and Sakai, and one of the new open-source learning management 

system called OpenedX, were selected in this thesis. See (Figure 2.7).  
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METHODOLOGY 

In this chapter, we present a detailed explanation of the criteria determination process, an 

experimental method that we used in this study including the explanation on how we set 

up the Learning Management Systems on a server. The evaluation methodology employed 

in this thesis is divided into two steps, as shown in Figure 3.1.  

 

Figure 3.1 Overall LMS Evaluation Methodology 

The first, second, and third steps explains how to develop the necessary comparison 

criteria to evaluate the learning management systems according to the opinions of 

educational technology experts by using an online survey. How to analyze the collected 

data and how to categorize the data is explained in these steps. The fourth and fifth steps 

comprise testing the systems according to the criteria determined in the survey.   

CHAPTER 3 
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3.1 Determining Comparison Criteria 

While determining the comparison criteria, we first collect the candidate criteria from the 

previous studies and add new criteria that are not available in the earlier studies. Then, we 

survey to get the opinions of the educational technology experts. The following parts first 

explain the candidate criteria and then the expert survey process. 

3.1.1 Candidate Criteria 

In this step, first, a pool of candidate evaluation criteria set for Learning Management 

Systems was developed in order to select the criteria that will be considered in our 

evaluation methodology. The pool comprises a set of 70 candidate criteria selected from 

previous studies [28] [29]. 

 The criteria are organized under ten categories covering the following essential aspects: 

1) System Management Criteria 

2) Reliability Criteria 

3) Usability Criteria 

4) Learning Analysis Criteria 

5) Security and Privacy Criteria 

6) Communication Criteria 

7) Authorship tools Criteria 

8) Evaluation Criteria 

9) Support Criteria 

10) Course Management Criteria  

11) The criteria categories and their sub-criteria are explained below:  

Category 1: System Management Criteria 

In addition to the user interface, these criteria measure the manipulation of the system 

regarding the use, installation, and management of the main sections inside it.  
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1. Ease of Installation: Here, we are taking into consideration the time consumed in 

installing the exam regarding its difficulty. Most of the installations differ depending on 

many factors, from which we have the number of dependent and independent libraries 

required to be installed to have the program function correctly. Much open-source 

software requires additional software to make it work, which is a return to a policy of use 

for the GNU license. 

2. Installation Time: In this criterion, we took the installation time into consideration due 

to its importance in the survey depending on the result as it scored as an absolutely 

important factor. The installation time contrast from one software package to another 

depends on the number of additional programs and libraries that are required to be 

installed beforehand. 

3. OS Compatibility: In the current time, there is much invisible competition between 

operating system developers, and for a long time, open-source was not considered to be 

far-flung software. After the expansion in the use of open-source software, rivalry 

increased markedly. Many programmers around the world started to immigrate to open 

source programming languages and software. This forced developer to create programs 

that would work on different platforms due to the variety of user preferences.  

4. System Update Features: In this criterion, we considered the ability of a system to 

update and whether the developers inserted update systems to avoid bugs. The most 

critical elements are security and loss of data. Many developers create unique programs 

without putting many features into them due to the lack of planning for future use. 

Therefore, many open source programs require periodic enhancements.  

5. Maintenance and Upgrading: This factor pertains to major updates for software as a 

complete platform. In modern times, many technological aspects changed with rapid 

improvements in the fields of computer science. One important feature is the ability of a 

system to upgrade itself without the need to install a new version which might significantly 

affect data and potentially cause a loss in information.  
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6. Application Programming Interface: This criterion was also selected as one of the 

impact factors in our survey. The importance of the API comes from the first impressions 

of users and how easy it is to use a program effectively without complexity or prior 

knowledge about the system. 

Category 2: Reliability Criteria 

For these criteria, we focused on protection and the ability of an LMS to retrieve data after 

loss and whether a system can store a copy of the user’s information. Moreover, in these 

criteria, we have to measure and estimate the performance of an LMS (LMS Health Check 

or Error-Prone). Finally, we cover the correctness as an essential standard. 

1. Backup and Recovery: The importance of this feature comes from the capability of 

the system to store copies of the data and the databases for a user to retrieve them in case 

of data losses or security issues. The other part of the feature is recovery such that the 

LMS should be able to regain the data when any risks end or for a new fresh system where 

the user brings his data to a physically better environment. 

2. Error-Prone: This feature shows curves to evaluate the health of the system and 

whether it is working correctly. Moreover, it shows the flow of the data and presents an 

analytical view of the LMS. Those data are essential for users and experts. The data are 

used to benchmark the systems and how each LMS handles the data and the flow of the 

information inside them. Moreover, the data give a prior notification if there is something 

going wrong, and that could be a fatal danger to the LMS.  

3. Correctness: This criterion is considered to be a scientific standard because it is utilized 

in a systematic perspective to measure the ability of an LMS to return a correct result 

while being compared with the total result. Usually, such features should be measured 

with an embedded system; however, we covered them regarding the final research 

performed on the LMSs mentioned in our work. The underlying factors here are 

computational accuracy and precision.  
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Category 3: Usability Criteria 

Through most of the criteria we have covered in this section, the only one remaining that 

is essential is web browser support. 

1. Support for Existing Browsers: Nowadays, we have a range of popular web browsers, 

such as Google Chrome and Mozilla Firefox and many others, and the crucial part is the 

user's use of those programs. It is crucial to determine whether the LMS supports those 

browsers. 

Category 4: Learning Analysis Criteria 

In this part, we covered most of the criteria that focus on the statistics that can be observed 

and collected through the monitoring characteristics in an LMS. The main benefit of this 

section is to provide the manager of the course with any necessary information to enhance 

the learning rate for the students. Furthermore, it mitigates the exertion consumed in 

teaching the students with high learning pace. 

1. Providing Reports on Student Progress: An LMS with such a feature as this has a 

high potentiality to get more information about attended students. It has a higher success 

rate with all the information that the user can gather from reports which might aid him in 

enhancing the course and recognize the level of learning for each student. 

2. Time Analysis Feature: This feature helps the user to compare the activity of students 

by knowing times of login to the course and log out to check the time the student has spent 

in the course. It also helps to give any details about the latest active student in the course.  
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Category 5: Security and Privacy Criteria 

One of the critical problems in the cyber world is security. Most modern technology 

requires sophisticated protection techniques to prevent leakage of information, especially 

private information. For LMSs, this is still a real problem that requires further upgrades 

that are sometimes not occurring in a short period and being updated continuously. We 

covered the security issue and made it the central part of our survey. After making 

selections from the users, we obtained the following standards. 

1. Different Types of User Support: Any LMS can be used around the world for multiple 

users. However, there is still an urgent situation when a course should be manipulated by 

multiple users when materials differ each period or each level within a course. Although 

it is not difficult to comprehend the importance of such a feature, the problem becomes 

acute when the level of security in that LMS is limited by simple procedures. 

2. Validation of Input Feature: Validation is an essential factor in any information 

system. It helps to provide identical data and prevent any duplication which can take space 

in memory and possibly give wrong corresponding for a user's demand for data. The 

system should also provide the user when any data are duplicated to mitigate the effort 

and notify the user in advance. 

3. Data/Document Encryption Feature: Data in an LMS should be encrypted with a 

robust algorithm to guarantee a high level of protection from vulnerability. Moreover, the 

system should retrieve data for the user regularly without difficulty by not showing the 

decryption process to the user. The algorithm should be robust and require a complex key 

and inform the user to use the right password with various types of characters. 

4. SSL Certificate Layer Support: The SSL (Secure Socket Layer) certificate is a 

protocol used in the network to encrypt information from the server to the user and vice-

versa. The importance of this protocol is critical, and this returns to the fact that it protects 

data from being readable until it reaches the end-user. This ability protects the data.  
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5. Email Verification Feature: This feature is modern, and most websites use it in 

modern times. This feature asks the user to log in to the system after entering the system 

through a portal link sent to the user's email that was used for registration in the system. 

This procedure protects both the system and the user by disallowing and registering 

without ensuring that it is the correct user with the same information. 

Category 6: Communication Criteria 

Always communication considered as one of the most critical instrumentation in modern 

life. We cover these criteria as the sixth criteria section in our work due to the high results 

scored in our survey. 

1. LIVE Video Conferencing: If an LMS provides a streaming method for either voice 

or video media, then the course provides information in real-time, which makes such a 

course very close to a real-life course. It is a beneficial way to give the student the best 

method to participate in course discussions, and it also helps them to ask the teacher 

directly without any communication difficulties. Moreover, any student can take a course 

regardless of its location, which means that a course may contain many students from 

different countries, helping them to build friendships and share knowledge. 

2. Private Email Feature: Internal email is useful for sending notifications about a course 

and helping to solve problems occurring for students. It is also a beneficial secure 

communication method without the need to communicate with different emails that may 

contain spam, thereby preventing them. The use of external email requires additional 

network complexity 

3. Forum Feature: One benefit of a forum is that it helps students to share their 

information with others and exchange knowledge between them. A forum also helps to 

decrease pressure on the lecturer to answer questions, especially when there are identical 

questions from many students.  
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4. Whiteboard: A whiteboard is a simple but useful tool to extend an explanation and 

draw one's ideas. It helps when the student or tutor needs to represent his idea graphically. 

He can open the whiteboard in the LMS and start drawing figures to represent his ideas. 

5. File-Sharing: A sharing system is an excellent method in the development of the LMS. 

A tutor can share additional resources to help students to understand a topic easily without 

the need to launch into an unnecessary explanation about topics that might be secondary 

subjects to the main subject of the course. Alternatively, it might be a central part of the 

course regardless of how well explained it is in another resource or even a course. 

Category 7: Authorship Tools Criteria 

The ability to manage the materials inside a course is also one of the crucial leads in our 

survey and acquiring most of the attention in our survey because of its direct impact on 

course knowledge. It represents the technical manipulation of the course and its materials. 

1. Linking: An LMS may contain additional resources for the course, and some of those 

resources have copyrights. Therefore, an LMS needs to provide users with a linking 

method for scientific information or materials that belong to other courses. This may also 

be used to decrease the time for the recreation of information. Instead, it merely navigates 

the user toward the appropriate data, websites, or even tools. 

 2. Create/Delete Courses: Most modern LMSs include an add-delete feature which gives 

the user the ability to create many courses and easily delete them after finishing those 

courses or due to a technical reason related to a particular user. 

3. Upload-Download Resources: As is the case for any software, an LMS needs to 

contain media content. However, since an LMS can contain many courses, there is a need 

to modernize it with the latest items. There are many types of media, including images, 

flash videos, and document files. The LMS should be able to upload and download such 

items easily and compress them into one archive file, such as a Zip file.   
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4. Course Template: Whenever a user searches on the Internet, there is a special feature 

that attracts his attention. This feature is widely used on YouTube and many other 

websites for videos. This feature is called a template which inserts a picture either from 

videos or as the owner desires. This template gives the user a first impression of the course. 

It is useful in an LMS and gives it a more aesthetic appeal. 

5. Interactive Activities During Learning: Doing activities in a physical classroom can 

bring about more significant learning outcomes and more enjoyment to the students. 

Similarly, in a virtual class, doing interactive tasks within a course provides more learning 

in the class and helps to decrease decreasing the consumed time in getting new material 

maybe by a small detail. 

6. Online Quiz Editor: For any modern LMS, there is a need to meet at least some criteria 

from the real educational world. One of the basic needs is to grade the student and compare 

their development through quizzes. A quiz is a small exam provided by the teacher for 

students to check their comprehension of the course information. Identical to that found 

in the real world except for its more technical aspects, it helps to achieve better results 

expressively. Moreover, it helps to make the grading system superior in terms of speed 

and analysis. A useful quizzing feature for a Learning Management System is the tutor 

permissions that create courses and modify them easily. Due to all the facts mentioned 

thus far, online quizzing is considered to be one of the most effective technical sub-feature 

criteria in LMSs. 

7. YouTube Integration: Since it is one of the largest sources of various types of videos, 

content can vary from entertainment to tutorials. YouTube is considered to be one of the 

most productive resources for learners which feeds courses with visual education. 

Moreover, it can contain more effects and graphics inside a video to facilitate the 

explanation of subjects in a course.  
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Category 8: Evaluation Criteria 

Psychologically, self-assessment is a process of measuring our abilities regarding a 

specified aspect. Self-assisting helps the student to improve by offering him a small exam 

after a lesson or a course to measure his knowledge. Additionally, this assists more 

introverted or diffident students to change their learning. 

1. Self-Evaluation: In an LMS, offering self-assessment to students can give them more 

confidence in what they are learning and decrease the effort for the lecturer. It can also 

provide them with a better approach to evaluation without the elements of exam stress, 

such as time constraints or nervousness. 

2. Online Grading Feature: The grading system is useful to show the level of students 

in a course, and it also helps by sending grades into the system to analyze student 

performance in a course and to determine the course level. 

3. Transcripts and Certificates: Another real-world simulation is the transcript. It helps 

to give a measurement of how students performed in a course with the help of the grading 

system. The certificate is an excellent way to indicate that a student has finished and 

passed a course. 

Category 9: Support Criteria 

With this group of criteria, we covered the backing standards of which any LMS consists 

in order to remain in competition within a field. It includes the details about any software, 

which can vary from documentation to the community. This type of support is considered 

to be the nourishing source for it and prevents it from vanishing from the competition with 

other LMSs. 

1. Software Documentation: As is the case for any software, an LMS requires having 

official information from its developing entity or organization. Those documents should 

be accurate regarding the information, and they have to be updated whenever there is an 

upgrade operation in the LMS.  
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2. User Manual: This type of documentation is for the user of the software so that he can 

find all the basics and software information about how to use a program efficiently. The 

manual can also contain a practical description and properties of the hardware required 

for the software. 

3. Online Tutorials: These types of data are widely used the most because they are easy 

to follow, and many users prefer them due to their not overwhelming their time with 

searching within multiple other documentation data types. Such data can be either video 

or text files but containing clarifications about the functionality of a program and how to 

use it properly. 

4. Answers to Frequently Asked Questions: FAQs are the sections where one can find 

answers to common questions about the software which often appear routinely due to 

common problems or features in a program. Such questions might be repeated many times, 

and it is the first place where a user can seek answers. The section decreases the amount 

of time consumed for the user to ask and obtain any acknowledgment for a specific issue 

about the software.  

Category 10: Course Management Criteria 

As we move through the criteria, there is one standard that scores high in our survey 

among the others in the management criteria and represents a direct connection between 

the tutor and the course in front of the students in the course. 

1. Participant control for online courses: Managing the interconnections through a 

course from the teacher over the student is an important factor. It gives more freedom to 

students to explain their ideas and their understanding during a session, which also helps 

the teacher to move faster while guaranteeing that students are educated in class acquiring 

a full understanding of any details and information. Moreover, it also makes constraints 

that avoid chaotic situations among students by controlling the space for explanation and 

time for students to interrupt their learning and explain their ideas.  
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3.1.2 Expert Survey 

The experiments we used in our study were collected by using an online survey and invited 

experts to evaluate the criteria suitable for the final decision of selecting the LMS. A 

purposeful sampling methodology was used for the selection process of the participants. 

In this study, a purposeful sampling strategy was employed because this strategy can be 

used to decrease the range of variables related to the opinions of different participants in 

order to concentrate on the similarities [49] 

This strategy performs quantitative measures, such as calculating the mean of each item 

in the research survey. According to the recommendations in [49], we considered the 

qualifications of the participants in terms of specific experience in instructional 

technologies to address the candidate criteria and maximize the efficiency and validity 

of the research aims. Therefore, the target participants for the survey were educational 

technology experts from the Computer Education and Instructional Technology 

departments of the universities in Turkey since they are the primary decision-makers 

during the LMS selection process. The first survey we conducted was for the selection of 

the preferable criteria by the experts according to their knowledge and experience.  

They are asked to rate each criterion according to its importance. We sent 400 

invitations to Computer Education and Instructional Technology department members in 

universities in Turkey. Twenty-six filled out our survey. Table 3.1 shows the  

demographics for 26 educational technology experts who shared their opinions in the 

published survey: 
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Table 3.1 Information about participants in our survey 

Gender Expertise Level Number of Participants 

Male Female   

15 11 

University 2 

Master 1 

PhD 23 

Total 26 

 

 

Figure 3.2 Information about participants in our survey  
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The survey has a scaling system consist of five alternatives: “Not Important at All,” “Little 

Important,” “Average Important,” “Very Important,” and “Absolutely Essential.” The 

system scoring starts from 0 and ends with 4 (See Table 3.2).  

Table 3.2 Survey scale 

Importance Scale  Equivalent Numerical Value  

Not important at all 0 

Little importance 1 

Average importance 2 

Very important 3 

Absolutely essential 4 

After applying the survey, the mean value for each criterion was calculated and analyzed. 

If the average for a criterion is greater than 3 (out of 4), this criterion was considered as a 

criterion in the study. If the average for a criterion is less than 3, this criterion was not 

considered in the comparison model, and all criteria in this degree were marked as Not 

Important (N.I.) and dropped. For example, Ease of Installation is a criterion considered 

in the study as a criterion because its average [27] fulfills the condition. Figure 3.2 shows 

statistics for the criterion mentioned above by 26 Educational Technology Experts. The 

averages for all candidate criteria were calculated and analyzed based on the same 

individual statistics (See Appendix E). 
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Figure 3.3 Survey questions  

3.2 Test and Evaluation 

In the second stage, we installed the LMSs and tested them to provide the final updates 

and compare the availability of the features in the final versions of the LMSs. The survey 

results would focus on the functionality of the LMS rather than the general and support 

criteria. In accordance with this result, we used the technical features of an LMS as criteria 

and tested them with all the LMS products. The test was conducted against the Moodle 

Version 3.5, Sakai's current version of the Sakai project is 11, and exporting the desired 

OpenedX version installed on the live servers. This test aims to perform a functional 

analysis for each system, i.e., how a system performs a specific criterion such as 

depending on a core feature “Built-in”, or whether the system needs to be extended with 

a third-party-extension “Plug-ins”. Later, each system was evaluated according to how a 

system performs the criteria.   
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Moreover, the grading mechanism we used to calculate the score is by referencing a 

number to a criterion. If the criteria are supported we give 2 score, if the criteria supported 

but as Extension we give 1 score, finally, if the feature is not existing we give 0 score. 

Table 3.3 Criteria Scoring 

Type Points 

Built-in 2 

Extension 1 

Not-supported 0 
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IMPLEMENTATION AND RESULTS 

4.1 Introduction 

In this chapter, we provide a report about all the Learning Management Systems we 

mentioned earlier in chapter three. The report will cover all the criteria that have been 

collected and selected from a survey that we made, and many participants share their 

experiences with each of those criteria. The criteria have classified into primary groups, 

and inside each group, there will be sub-criteria. The comparison covered many points, 

and the result will collect and calculate all the available features and assign the value as 

the result of the comparison for the LMS. First, we made an Evaluation to choose the 

optimum criteria among numerous metrics we selected for the test 

Among all the criteria we made, several of them dropped from the benchmark because it 

is unessential and scored low in the survey. In the survey, the number of participants 

reached 26 persons, and their expertise level varies from a university student to a lecturer 

in the university.  

4.2 Results 

After the selection of criteria according to the users' survey, we managed to perform in-

depth searches in each category and compare all the LMSs and check which among them 

is better in each sub-category. The result contrasted from each group and showed the weak 

points of each LMS and covered the strong points of each one. The values varied from 

one group to another. The results are explained in the sections below. The grading system 

differs from the previous survey.   

CHAPTER 4 
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Here, we used a ranking system from 1 to 3 commensurate with the level of satisfaction 

in each system such that a low number represents a low level of satisfaction and the upper 

hand is for the value 3. Later, we counted the totals of the results we gained from each 

criterion to determine which LMSs scored higher. The only points that we have not 

covered in the points system were the difficulty of installation and the installation time 

from the system management standard because it is difficult to associate the time or the 

level of installation difficulty to a number. 

4.3.1 System Management Criteria 

In this group of criteria, as can be seen in the table below, we find that the installation 

complexity differs markedly from one LMS to another. The easiest among them was 

Moodle and the complicated installation scored by SAKAI with more than 300 packages 

of dependency, while OpenedX scored an average complexity. This point is counted for 

the Moodle LMS [1]. The installation time was also the same as the complexity regarding 

the results. The only difference here was the small gap in time between OpenedX and 

SAKAI. Identically with the first criteria, Moodle is the fastest installing LMS. All the 

LMSs supporting several operating systems, including Windows and Linux, with the 

exception of SAKAI, which is required to be installed on Linux as being preferred to over 

cross the problem that might appear with other operating systems. The update is higher in 

Moodle the others and is performed rapidly in Moodle, at an average speed for OpenedX 

and rarely for SAKAI, which might require the newest version to be installed every time 

with data backup. For upgrading, both Moodle and OpenedX offering functional upgrades 

for the system and they cover all current security issues and supply their systems with new 

features to keep pace with the competition in the market in front of other LMSs.   

The user interface is easy to use in both Moodle and OpenedX; however, it dramatically 

lacks in SAKAI due to its having scored the lowest. The tables below illustrate the details 

about the score for each criterion and the rate of importance. We have not included the 

standards that do not have a score, such as ease of installation and the installation time. 

See Table 4.3.1  
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Table 4.3.1 System Management Criteria Scores 

System Management Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 Ease of Installation A.E. Easy Average Hard 

2 Installation Time A.I. 25 min 40-45 min 50 min 

3 OS Compatibility A.I. All All All 

4 System Update Feature A.I. 3 2 1 

5 
Maintenance and 

Upgrading 
V.I. 3 3 1 

6 
Application 

Programming Interface 
V.I. 3 3 1 

Total  9 8 3 

 

Table 4.3.2 System Management Importance Rate Scores 

Criterion Importance 
Importance 

Rate 

1 System Update Feature A.I. 3.12 

2 Maintenance and Upgrading V.I. 3.27 

3 Application Programming Interface V.I. 3.38 
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4.4 Reliability Criteria 

In this part, we find a variation in the performance of each LMS. First, the backup and 

recovery are the best in Moodle with full recovery for the information and databases and 

the materials of the course as well as a standard recovery of user information and databases 

in OpenedX and weak recovery for only the database in SAKAI. Error-prone Moodle 

appears not to have scored high in terms of errors throughout the test and has been doing 

with the companies, and no error-prone scored. With the limitation of features and the 

style of the system with constraints, OpenedX showed a few errors due to the boundaries 

of communication with the system for the users. SAKAI appears to lack many features in 

many of the criteria; however, it works flawlessly and never scored any error and returned 

the open source technology which provides more freedom to users. Finally, for 

correctness, all three systems showed the right amount of correctness indistinguishable 

from one another, as presented in the Table 4.4.1. 

Table 4.4.1 Reliability Criteria Scores 

Reliability Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 
Backup and Recovery 

Feature 
A.E. 3 2 1 

2 Error Prone A.I. 3 1 2 

3 Correctness A.E. 3 3 3 

Total 9 6 6 
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Table 4.4.2 Reliability Criteria Importance Rate Scores 

Criteria Importance 
Importance 

Rate 

1 Backup and Recovery Feature A.E. 3.73 

2 Error Prone A.I. 3.65 

3 Correctness A.E. 3.61 

4.5 Usability Criteria 

For usability criteria, we only used one standard, which was the supporting of the current 

web browser. We produced the result that every LMS supports most current web browsers. 

We tested the usability criteria on Mozilla Firefox and Google Chrome, which are the 

main browsers in the current time and which most people prefer to use because of the 

stability and reliability and performance of those browsers. 

Table 4.5.1 Usability Criteria Scores 

Usability Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 
Support Existing 

Browsers 
A.E. Built-in 2 Built-in 2 Built-in 2 

Total 2 2 2 

Table 4.5.2 Usability Criteria Importance Rate Scores 

Criteria Importance Importance Rate 

1 Support Existing Browsers A.E. 3.53 
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4.6 Learning Analysis Criteria 

Similarly, for the reliability criteria, we found that every LMS offers reporting features 

for the student with all the details required for analysis of their progress during sessions. 

Additionally, all three LMSs provide a time analysis feature to observe the performance 

inside the course and in the system. Therefore, every LMS scored satisfactorily and 

received the same results in this criterion. 

Table 4.6.1 Learning Analysis Criteria Scores 

Table 4.6.2 Learning Analysis Importance Rate Scores 

  

Learning Analysis Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 Providing Reports about 

Student Progress 

A.E. Built-in 2 Built-in 2 Built-in 2 

2 Time Analysis Feature V.I. Built-in 2 Built-in 2 Built-in 2 

Total 4 4 4 

 

Criterion Importance Importance Rate 

1 Providing Reports on Student Progress A.E. 3.38 

2 Time Analysis Feature V.I. 3.03 
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4.7 Security and Privacy Criteria 

Nowadays, the security issue is critical, and it affects all software around the world. We 

covered five main features in our work, depending on the results we gained from the 

survey, and all of the criteria scored the highest importance level. All three LMSs have a 

validation input feature and support a range of different users and have encryption for 

documents. Moodle and OpenedX support SSL while SAKAI requires the installation of 

the extension. Moreover, the email verification feature is also lacking in SAKAI, but it is 

provided as an extension, as shown in the Table 4.7.1.  

Table 4.7.1 Security and Privacy Criterion Scores 

  

Security and Privacy Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 Different User Types 

Support 

A.E. Built-in 2 Built-in 2 Built-in 2 

2 Validation of input feature A.E. Built-in 2 Built-in 2 Built-in 2 

3 Data/Document Encryption 

Feature 

A.E. Built-in 2 Built-in 2 Built-in 2 

4 (SSL) Certificate Layer 

Support 

A.E. Built-in 2 Built-in 2 Extension 1 

5 Email Verification Feature A.E. Built-in 2 Built-in 2 Extension 1 
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Table 4.7.2 Security and Privacy Importance Rate Scores 

Criteria Importance Importance Rate 

1 Different User Types Support A.E. 3.42 

2 Validation of Input Feature A.E. 3.46 

3 Data / Document Encryption Feature A.E. 3.38 

4 (SSL) Certificate Layer Support A.E. 3.61 

5 Email Verification Feature A.E. 3 

4.8 Communication Criteria 

The communication criteria covered crucial features used in learning as modern 

technology. The result here was dissimilar to the previous tests. SAKAI scored the highest 

by including every communication criterion. Moodle scored the second-highest because 

it lacked video conferencing and whiteboard features which were only available as 

extensions. OpenedX scored the lowest here because it has an extension for the forum. 

Additionally, OpenedX does not provide whiteboard features, and it did not support 

extensions until we performed the tests. One last issue related to the OpenedX is that it 

lacks a file-sharing feature between students due to the teaching mechanism inside it, 

which is similar to a private tutor for a single student in a real-life example. The results 

are presented below in Table 4.8.1. 
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Table 4.8.1 Communication Criterion Scores 

Communication Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 
LIVE Video 

Conferencing 
A.E. Extension 1 Built-in 2 Built-in 2 

2 
Direct Communication 

Feature 
A.E. Built-in 2 Built-in 2 Built-in 2 

3 Forum Feature A.E. Built-in 2 Extension 1 Built-in 2 

4 Whiteboard V.I. Extension 1 
Not-

supported 
0 Built-in 2 

5 File Sharing A.E. Built-in 2 
Not-

supported 
0 Built-in 2 

Total 8 5 10 

Table 4.8.2 Communication Criteria Importance Rate Scores 

Criteria Importance Importance Rate 

1 LIVE Video Conferencing A.E. 3.30 

2 Direct Communication Feature A.E. 3.26 

3 Forum Feature A.E. 3.03 

4 Whiteboard V.I. 3.07 

5 File Sharing A.E. 3.30 
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4.9 Authorship Tools Criteria 

All the LMSs covered most of the standards and shares with missing activities inside the 

class. These require extensions to be installed for both Moodle and OpenedX; however, 

this is not supported in SAKAI. With the exception of SAKAI, the same result is 

duplicated with the YouTube integration feature. SAKAI lacks support for the YouTube 

integration feature. The results, as shown in Table 4.9.1, are the same results for Moodle 

and OpenedX and low for SAKAI. 

Table 4.9.1 Authorship Tools Criterion Scores 

Authorship Tools Criteria  

 Criteria Importance MOODLE OpenedX SAKAI 

1 Linking V.I. Built-in 2 Built-in 2 Built-in 2 

2 Create/Delete Courses A.E. Built-in 2 Built-in 2 Built-in 2 

3 Upload-Download 

Resource Packages 

A.E. Built-in 2 Built-in 2 Built-in 2 

4 Course Template  A.E. Built-in 2 Built-in 2 Built-in 2 

5 Interactive Activities 

During the learning 

A.E. Extension 1 Extension 1 Not-

supported 

0 

6 Online Quiz Editor V.I. Built-in 2 Built-in 2 Built-in 2 

7 YouTube Integration V.I. Extension 1 Extension 1 Not-

supported 

0 

Total 12 12 10 
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 Table 4.9.2 Authorship Tools Criteria Importance Rate Scores 

Criterion Importance Importance Rate 

1 Linking V.I. 3.19 

2 Create/Delete Courses A.E. 3.73 

3 Upload-Download Resource Packages A.E. 3.53 

4 Course Templates A.E. 3.11 

5 Interactive Activities During Learning A.E. 3.26 

6 Online Quiz Editor V.I. 3.11 

7 YouTube Integration V.I. 3 

4.10 Evaluation Criteria 

In this part, every LMS provides very feature except for those in the transcripts and 

certification criteria. Surprisingly, Moodle scored low, similarly to SAKAI. Both do not 

provide transcripts as a built-in feature. An extension in the system is required to obtain 

this feature while in OpenedX, it is the central part of the LMS and provides good design 

for this task. The results for this criterion are shown in the Table 4.10.1.  
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Table 4.10.1 Evaluation Criteria Scores 

Evaluation Criteria 

 Criterion Importance MOODLE OpenedX SAKAI 

1 Self-Evaluation A.E. Built-in 2 Built-in 2 Built-in 2 

2 Online Grading Feature A.E. Built-in 2 Built-in 2 Built-in 2 

3 
Transcripts and 

Certificates 
A.E. Extension 1 Built-in 2 Extension 1 

Total 5 6 5 

Table 4.10.2 Evaluation Criteria Importance Rate Scores 

Criteria Importance Importance Rate 

1 Self-Evaluation A.E. 3.15 

2 Online Grading Feature A.E. 3.15 

3 Transcripts and Certificates A.E. 3.07 

4.11 Support Criteria 

In this section, all the LMSs gained the same result with the full support of the features in 

the criteria. They offer documentation to users and descriptions about the software as 

manuals. Moreover, they had online tutorials, even with few but adequate resources for 

SAKAI. Finally, the systems had the same answers as any standard software FAQ 

answers. In the Table 4.11.1, it can be observed that every LMS yielded the same result. 
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Table 4.11.1 Support Criteria Scores 

Support Criteria  

 Criterion Importance MOODLE OpenedX SAKAI 

1 Software Documentation  A.E. Built-in 2 Built-in 2 Built-in 2 

2 User Manual A.E. Built-in 2 Built-in 2 Built-in 2 

3 Online Tutorial A.E. Built-in 2 Built-in 2 Built-in 2 

4 Answers to Frequently 

Asked Questions 

V.I. Built-in 2 Built-in 2 Built-in 2 

Total 8 8 8 

 Table 4.11.2 Support Criteria Importance Rate Scores  

Criterion Importance Importance Rate 

1 Software Documentation  A.E. 3.11 

2 User Manual A.E. 3.46 

3 Online Tutorial A.E. 3.03 

4 Answers to Frequently Asked Questions V.I. 3.03 
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4.12 Course Management Criteria 

The ability to control students and users inside a course scored as an absolute essential in 

our first survey, among others in the course of managing criteria. After we observed every 

LMS, we concluded that every LMS provides the same level of control over participation. 

Table 4.12.1 Course Management Criteria Scores 

Course Management Criteria  

 Criterion Importance MOODLE OpenedX SAKAI 

1 Participant Administration 

for Online Courses 

A.E. Built-in 2 Built-in 2 Built-in 2 

Total 2 2 2 

Table 4.12.2 Course Management Criteria Importance Rate Scores 

Criteria Importance Importance Rate 

1 Participant Administration for Online Courses A.E. 3.19 

4.13 Final Result 

The Moodle LMS scored higher than the others in terms of management and reliability. 

Then it fluctuates from the security through to the communication criteria until the support 

criteria. OpenedX scored nearly identically to Moodle and surpassed SAKAI in several 

criterion groups. The only standard when SAKAI surpassed the other LMSs was in the 

communication criteria. In other words, Moodle scored highest among all the LMSs used 

in this work, followed by OpenedX and finally SAKAI. For the screenshots for each 

criterion taken from all the LMSs see Appendix (B, C, D)  
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Table 4.13. Total scores for all criteria  

All Criteria MOODLE OpenedX SAKAI 

1 System Management Criteria 9 8 3 

2 Reliability Criteria 9 6 6 

3 Usability Criteria 2 2 2 

4 Learning Analysis Criteria 4 4 4 

5 Security and Privacy Criteria  10 10 8 

6 Communication Criteria 8 5 10 

7  Authorship Tools Criteria  12 12 10 

8 Evaluation Criteria 5 6 5 

9 Support Criteria 8 8 8 

10 Course Management Criteria 2 2 2 

Total Score 69 63 58 
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Figure 4.1: LMS final score in each group of criteria 

For usability, we found that most users were satisfied with all the LMSs included in the 

research with partial variety in the score for each LMS due to user preferences. Moodle 

scored the highest here followed by OpenedX and finally SAKAI. 

Table 4.14 Usability Criteria PSSQ Score for each LMS 

Criterion Moodle SAKAI OpenedX 

1 Support Existing Browsers 4.57 4.1 4.26 
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We made this test by providing a satisfaction level for each LMS, and we gave it to the 

user. By using the LMS on several web browsers, they will measure and select their 

quality of using the LMS on those browsers that reflects their opinion. The scale 

consisted of 5 levels starting from 0, which represents the lowest satisfaction as "not 

satisfied" or five as "completely satisfied". By taking the result and averaging it with the 

number of users, we got the results in the Table 4.14. 

Table 4.15 Participants Scale 

Overall I am satisfied with using the LMS on Different Web Browsers 

Strongly 

Disagree 
1 2 3 4 5 

Strong 

Agree 

Comments  

Table 4.16 Moodle PSSUQ Calculations 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 Mean 

5 4 5 4 4 5 5 5 5 5 5 4 4 4.61 

Table 4.17 OpenedX PSSUQ Calculations 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 Mean 

4 4 5 4 4 4 5 5 4 4 5 4 5 4.38 

Table 4.18 SAKAI PSSUQ Calculations 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 Mean 

3 4 4 3 4 4 5 5 5 4 3 4 5 4.07 
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CONCLUSION AND FUTURE WORK 

5.1 Conclusion 

In our study, we focused on three open-source Learning Management Systems. Those 

systems are the, namely Moodle, OpenedX and SAKAI. We presented those three systems 

in detail and collected all the possible data considered to be the main factors in a new 

comparison to help users to select from them regarding their (users') demands. We covered 

several groups or criteria according to many research papers and previous studies [5] [50] 

[7]. First, we installed the LMSs and tested them. Later, we surveyed after collecting all 

the possible features that might be important for several people. We presented the survey 

to experts and students at universities (approximately 400 people). Then we took the 

standards that scored highly in terms of importance. We ordered them in groups and 

started experimenting on the LMS. 

In this work, we made several criteria that uncovered in work [6] [17] [18].The 

comparison covered more open Source Learning Management Systems and compared 

these systems with criteria with higher availability regards the user need [36].In the 

technical part, this work showed a stable performance for the LMS used in the research, 

and the ranking remains stable as the previous works [10] [19]. The features of both 

OpenedX and Moodle has improved with a partial and very limited enhancement in 

SAKAI due to the several updates in the mentioned above LMSs. This study included a 

comparison between LMSs than has not been done by other research such as [20]. 

CHAPTER 5 
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In the phase, we checked each platform to determine whether it contained the feature and 

the amount of satisfaction we could obtain from using it should it be available. The result 

varied from one group to another. 

In the system management criteria, Moodle scored the highest followed by OpenedX and 

finally SAKAI. The results here were obtained by comparing the features associated with 

the general management of the LMS, which also consisted of the installation and the main 

criteria that attracted people as the main points in any comparison between LMSs. 

Installation was easy and less complicated and consumed less time than the others. Both 

Moodle and OpenedX were compatible with most operating systems. SAKAI scored the 

lowest in all the features in this group of criteria. We can conclude that in terms of system 

management that Moodle is the best of the three under examination. 

The same result applies to Moodle in the reliability criteria with the same score being 

shared between OpenedX and SAKAI. The only difference here was error-prone, which 

was more accurate with Sakai than with OpenedX. 

In the usability criteria, the results were identical between every LMS. All were supported 

by every Internet browser in the current time. Testing was performed on three web 

browsers, namely Internet Explorer, Google Chrome, and Mozilla Firefox. 

The same results appeared in the learning analysis group, and every feature existed in 

every LMS. In the security issue, Moodle and OpenedX scored identically; however; two 

features were lacking in SAKAI, namely the SSL and the email verification as built-in 

features. However, these features were available as extensions that would need to be 

installed inside the LMS.  
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The result was completely different in the communication criteria, where OpenedX scored 

the lowest due to it missing the whiteboard feature and there being no extension from 

trusted sources for it or at least be supported by the SAKAI Project. Next was Moodle, 

which required extensions to obtain video conferencing communication and the 

whiteboard. On the other hand, SAKAI scored the highest by including every feature as 

being built-in. 

In the authorship criteria, the results were identical, even in the features for both Moodle 

and OpenedX. Moreover, there was a lack of support for several features in SAKAI. For 

example, there was no YouTube extension, and it was a requirement to upload videos as 

external sources. Moreover, there was a lack of interactivity inside the class using the 

activities. 

For the evaluation criteria, OpenedX scored the highest here with full built-in features and 

extensions for other features. The result was identical for Moodle and SAKAI with 

extensions to include transcripts and certificates. 

There was full support for every LMS, and this return to the open-source software 

communities and the support varied from the documentation until the Frequently Asked 

Questions and their answers. Every LMS scored identically here. Finally, the course 

management criteria were identical for every LMS such that every LMS had built-in 

features with no need for extensions with full manipulation inside the class. 

5.2 Future Work 

For future work, we are going to include new features and compare them with current 

features and determine whether there will be an improvement. We will produce our 

scoring system by building software to test each LMS separately and by testing the 

logging, especially the security issues with new risks appearing every day requiring 

continuous checking and testing to overcome them. 
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INSTALLATION SECTION 

 

Since the installation is an essential part of the software usage, and due to the complexity, 

that might come with some installation, we have seen that providing an overview about 

installation is better idea. to understand the level of difficulty of each software in term of 

installation to make give a better view for the setup of each LMS. 

 

Setting the environment 

 

To install the LMSs, there is a need to set up the environment to be able to handle the 

LMS demands. First, there is a need to install an Apache Server on the Linux-Based 

operating system. We will provide the installation with the command that can be executed 

with the terminal. To install the Apache server, we can install it with the following 

command: 

sudo apt-get install apache2 

 

Then, there is the MySQL database which is one of the widely used by web-based software 

and that return to the fact that it is fast. To install MySQL server for the database 

Management. It can be installed with the command: 

sudo apt-get install MySQL-server 

Also, the PHP should be installed with the packages associated with it with the command: 
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sudo apt install php-pear php-fpm php-dev php-zip php-curl php-xmlrpc php-gd php-

mysql php-mbstring php-xml libapache2-mod-php 

 

To make sure that the Apache server worked in good shape and took all the update the 

service responsible for it need to be restarted with the command: 

sudo service apache2 restart 

After restarting the apache server, to check if its installed or not by opening the browser. 

Like the Figure A.1. 

 

 

Figure A.1: Apache proof of working notification page  
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Finally, to check the PHP by running the command below in terminal and the expected 

message is "Your PHP installation is working fine.": 

 

php -r 'echo "\n\nYour PHP installation is working fine.\n\n\n";' 

 

1. Moodle Installation 

 

The Moodle LMS used in this study is the version 3.5 it can be downloaded from the link 

below which provide the latest stable version of Moodle from the official website. Then, 

after extract it the extracted folder needs to be moved to the destination folder whether on 

a server or local machine. After that, an empty database should be created to hold the user 

data. This database should contain the following information: 

 

 Dbhost: the name of the local host 

 Dbname: the database name  

 Dbuser: the username that will be used to manipulate the database 

 Dbpass: the password for the database user 

 

When login for the first time by the web browser the user will face the first installation 

page which requires to configure the setup language and the language that will be used as 

the default language of use in the Moodle LMS. Figure (A.2). After choosing the language, 

the confirmation the data paths for Moodle and the data associated to need to be set. Figure 

(A.3) 
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Figure A.2: Moodle Language Selection page 

 

 

Figure A.3: Paths Confirmation Page 
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The next step is choosing the database type. The Moodle LMS supports various database 

driver to work on such as PostgreSQL and MySQL and Oracle. In this study, all the LMS 

will be depended on the MySQL database Driver as the primary database of the LMS. 

Figure (A.4)  

 

 

Figure A.4: DataBase Driver choosing Page 

 

DataBase Driver choosing Page 

 

The next step is creating a database with the MySQL driver and fill the related 

information. This database is the user will use the default database. However, since the 

database already have been created. The previous database will be linked to this page and 

make it the default database figure (A.5). The next page will be the copyright use for 

Moodle Figure (A.6). 



 

VI 
 

 

 

Figure A.5: Data Base settings page 

 

 

Figure A.6: Moodle Copyright page 

 

The server will check for all the requirements needed to start the last installation and gives 

notifications about the past checks and whether we need to install any missing or 

incompatible software. This procedure helps to give full coverage for most of the 

dependencies and the software installed in the operating system. This will help in case 
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there is a missing package or an old version of the package that it might not be compatible 

with the Moodle LMS. Figure (A.7). 

 

Figure A.7: server dependency checking page 

 

The next is the administrator information which consists of the user information and the 

database and the contacting information to receive all the messages related to the LMS. 

All the information related to the user courses will be received in the registered email. 

Also, it is good to receive feedback and the course notifications through the emails. Figure 

(A.8). Then the front-page settings page will appear next, and it can be passed and 

configure it later figure (A.9). Moreover, the last page is to finalize the installation by 

saving the changes and moving the user interface for the Moodle LMS figure (A.10). 
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Figure A.8: user information entry page  
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Figure A.9: Front page settings page 

 

 

 

 

 

 

 

 

 

Figure .10: Front page of the Moodle main user interface  
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2. Installation of OpenedX 

 

To install openEDX, it requires to run only four commands in terminal. First thing is 

exporting the desired OpenEDX version. Moreover, to know which version the user can 

visit and copy the Git Tag for the version. In this work the latest version is Ginkgo. 2 and 

the Git Tag associated with is "open-release/ginkgo.2”. The second command is for 

collecting the bootstrap for the OpenEdx version. The third command is to reset the 

password for the new installations. The fourth and last command is for installing the 

OpenEDX. After finishing the installation visit, 192.168.33.10 in the browser and the 

Sakai will run in the website figure (A.11). 

 

export OPENEDX_RELEASE= open-release/ginkgo.2 

 

wget 

https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/instal

l/ansible-bootstrap.sh -O - | sudo bash 

 

wget 

https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/genera

te-passwords.sh -O - | bash 

 

wget 

https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/sandbo

x.sh -O - | bash 

  

https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/ansible-bootstrap.sh
https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/ansible-bootstrap.sh
https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/generate-passwords.sh
https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/generate-passwords.sh
https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/sandbox.sh
https://raw.githubusercontent.com/edx/configuration/$OPENEDX_RELEASE/util/install/sandbox.sh
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Figure A.11: OpenedX main Page 

3. Installation of Sakai 

 

Installing Sakai requires additional software like the other LMS. The current version of 

Sakai project is 11, and this version needs a new version of the following software: Git, 

Apache Maven, JDK (Java Development Kit), Apache Tomcat, MySQL and MySQL 

JDBC (Java Database Connector). The compatible version of that software for Sakai 11 

are: 

 

 Maven 3.2.3 

 Java 1.8.0_77 

 Tomcat 8.0.32 

 MySQL 5.6.27 

 MySQL JDBC jar 5.0.8  
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Step 1 Since the work has been done in Linux operating systems. The installation will be 

covered the setup procedures with the Linux OS only. Since then the Linux is an open 

source operating system, it requires some modifications to set the path for the 

dependencies in the bash file (~/.bash_login). The lines need to be added the: 

JAVA_HOME, which is the path for the JDK in system files, MAVEN_HOME, which is 

related to the maven files and CATALINA_HOME which is for the Tomcat files. To 

accomplish step 1, the lines below should be edited or added to the bash file. 

 

Step 2 Next, the database should be configured to work essentially with the Sakai. In the 

beginning, a database should be created. The database is associated with the Sakai user, 

the conclusion of this step is creating database name, user name, and password with the 

UTF8 Unicode. 

mysql> create database lmsdb default character set utf8; 

Query OK, 1 row affected (0.00 sec) 

 

mysql> grant all on lmsdb.* to ahmed@'localhost' identified by 'ahmedlms'; 

Query OK, 0 rows affected (0.00 sec) 

JAVA_HOME export JAVA_HOME=path-to-java 

MAVEN_HOM

E 
export MAVEN_HOME=path-to-maven 

CATALINA_H

OME 
export CATALINA_HOME=path-to-tomcat 

PATH 

export 

PATH=$PATH:$JAVA_HOME/bin:$MAVEN_HOME/bin:$CATALI

NA_HOME/bin 

MAVEN_OPTS 
export MAVEN_OPTS='-Xms512m -Xmx1024m-

java.util.Arrays.useLegacyMergeSort=true' 
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mysql> grant all on lmsdb.* to ahmed@'127.0.0.1' identified by 'ahmedlms'; 

Query OK, 0 rows affected (0.00 sec) 

 

mysql> flush privileges; 

Query OK, 0 rows affected (0.00 sec) 

 

mysql> quit 

 

Step 3 The third step is the Tomcat configuration. First, the MySQL JDBC file needs to be 

removed to the directory of CATALINA_HOME/lib. The next step is to create a directory for 

Sakai in the CATALINA_HOME to be CATALINA_HOME/sakai. In this directory create an 

empty file and name it as sakai.properties. In the Sakai properties, add the next lines: 

## MySQL settings 

username@javax.sql.BaseDataSource=ahmed   #whatever username you assigned in the 

database setup 

password@javax.sql.BaseDataSource=ahmedlms #whatever password you assigned to 

the sakaiuser in the database setup 

 

# use your sakaidatabase name in the URI that starts url@javax.sql.BaseDataSource =, 

below. 

 

vendor@org.sakaiproject.db.api.SqlService=mysql 

driverClassName@javax.sql.BaseDataSource=com.mysql.jdbc.Driver 

hibernate.dialect=org.hibernate.dialect.MySQL5InnoDBDialect 

url@javax.sql.BaseDataSource=jdbc:mysql://127.0.0.1:3306/sakaidatabase?useUnicode

=true&characterEncoding=UTF-8 

validationQuery@javax.sql.BaseDataSource=select 1 from DUAL 

defaultTransactionIsolationString@javax.sql.BaseDataSource=TRANSACTION_REA

D_COMMITTED 
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later, modify the context.xml in the CATALINA_HOME/conf directory by adding the lines below 

inside the <Context> tag to increase the speed of the startup for Sakai: 

<JarScanner>   

          <!-- This is to speedup startup so that tomcat doesn't scan as much --> 

    <JarScanFilter defaultPluggabilityScan="false" defaultTldScan="false" tldScan="jsf-

impl-*.jar,jsf-widgets-*.jar,myfaces-impl-*.jar,pluto-taglib-*.jar,sakai-sections-app-util-

*.jar,spring-webmvc-*.jar,standard-*.jar,tomahawk*.jar,tomahawk-*.jar"/> 

</JarScanner> 

 

The next modification will be in the CATALINA_HOME/conf/server.xml. It is responsible about 

the international characters supporting. It requires to add: 

  

<Connector port="8080" URIEncoding="UTF-8" >   

the last modification will be in the CATALINA_HOME/bin directory. By creating a bash shell 

script and name it steven.sh and add the line below inside it: 

 

export JAVA_OPTS='-server -Xms512m -Xmx1024m -XX:PermSize=128m -

XX:NewSize=192m -XX:MaxNewSize=384m -Djava.awt.headless=true -

Dhttp.agent=Sakai -

Dorg.apache.jasper.compiler.Parser.STRICT_QUOTE_ESCAPING=false -

Dsun.lang.ClassLoader.allowArraySyntax=true -

Djava.util.Arrays.useLegacyMergeSort=true -Dsakai.demo=true' 

 

Step 4 Compiling the Sakai source code in the terminal by typing two commands. The 

first command is for getting the Sakai files from the official Git repository. The second 

one is to move to the Sakai directory and check the Git downloaded version of Sakai and 

whether it the latest version. 
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git clone https://github.com/sakaiproject/sakai.git 

cd sakai && git checkout 11.2 

    

After downloading the latest version of Sakai. The master project should be compiled with 

the following command, and the expected message of the execution is "Build Successful." 

Then execute the second commands to compile and deploy Sakai with Tomcat. Also, the 

message should be "Build Successful."  

 

cd master 

mvn clean install 

 

cd ..  

mvn clean install sakai:deploy -Dmaven.tomcat.home=$CATALINA_HOME -

Djava.net.preferIPv4Stack=true -Dmaven.test.skip=true 

 

 

Step 5 In the next steps the user needs to start Sakai and make sure its work correctly. The 

test starts from the CATALINA_HOME/bin directory and running the startup.sh shell 

script. With the command in terminal: 

./startup.sh 

    

The last testing is checking the “catalina.out” log file CATALINA_HOME/logs. There 

should be a message about the starting up with the time of startup “system started up in 

seconds." If the message is there go to the web browser and type http://localhost:8080 

which is for the tomcat and there should be a message "Apache Tomcat page. Tomcat is 

running". The last thing is visiting http://localhost:8080/portal, and the expected result is 

Sakai running with welcome interface Figure (A.12). 

http://localhost:8080/
http://localhost:8080/portal
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Figure A.12: Sakai main page 
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MOODLE LEARNING MANAGEMENT SYSTEM SCREENSHOTS 

 

Figure B.1 System update feature 

 

 

 

 

 

 

 

 

Figure B.2 Maintenance and Upgrading  
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Figure B.3Application Programming Interface 

 

 

 

 

 

 

 

 

 

 

 

Figure B.4 Backup and Recovery Feature 
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Figure B.5 Correctness 

 

 

Figure B.6 Providing Reports About Student Progress 
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Figure B.7 Time Analysis Feature 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.8 Different User Types Support 
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Figure B.9 Validation of Input Feature 

 

 

Figure B.10 Email Verification Feature 
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Figure B.11 LIVE Video Conferencing 

 

 

Figure B.12 Direct Communication Feature 
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Figure B.13 Forum feature 

 

 

Figure B.14 Whiteboard 
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Figure B.15 File Sharing 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.16 Linking 
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Figure B.17 Upload-Download Resource Packages 

 

 

Figure B.18 Course Template 
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Figure B.19 Interactive Activities During the Learning 

 

 

Figure B.20 Online Quiz Editor 
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Figure B 21 YouTube Integration 

 

Figure B 22 Self-Evaluation 
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Figure B 23 Online Grading Feature 

 

 

Figure B 24 Transcripts and certificates 
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Figure B 25 Answers to Frequently Asked Questions 

 

 

Figure B 26 Participant Administration for Online Courses 
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OPENEDX LEARNING MANAGEMENT SYSTEM SCREENSHOTS 

 

 

 

 

 

 

 

 

 Figure C 1 System Update Feature 

 

 

 

 

 

 

 

 

Figure C 2 Maintenance and Upgrading  
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Figure C 3 Application Programming Interface 

 

 

 

 

 

 

 

 

 

 

 

Figure C 4 Backup and Recovery Feature  
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Figure C 5 Correctness 

 

Figure C 6 Time Analysis Feature 
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Figure C 7 Validation of Input Feature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C 8 Email Verification Feature 
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Figure C 9 LIVE Video Conferencing 

 

 

Figure C 10 Direct Communication Feature 
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Figure C 11 Forum Feature 

 

 

 

 

 

 

 

 

Figure C 12 Linking 
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Figure C 13 Create/Delete Courses 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure C 14 Course Template 
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Figure C 15 Interactive Activities During the Learning 

 

 

Figure C 16 Online Quiz Editor 
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Figure C 17 YouTube Integration 

 

 

 

 

 

 

 

 

 

Figure C 18 Self-Evaluation 
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Figure C 19 Online Grading Feature 

 

  

Figure C 20 Transcripts and certificates 
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Figure C 21 Answers to Frequently Asked Questions 

 

 

 

 

 

 

 

 

 

 

 

Figure C 22 Participant Administration for Online Courses 

  



 

XLI 
 

SAKAI LEARNING MANAGEMENT SYSTEM SCREENSHOTS 

 

 

 

 

 

 

 

 

 

Figure D 1 Application Programming Interface 

 

 

 

 

 

 

 

 

Figure D 2 Correctness  
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Figure D 3 Providing Reports about Student Progress 

 

 

Figure D 4 Time Analysis Feature 
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Figure D 5 Different user types support 

 

 

 

 

 

 

 

 

 

 

Figure D 6 LIVE Video Conferencing 
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Figure D 7 Direct Communication Feature 

 

 

 

 

 

 

 

 

 

Figure D 8 Forum Feature 
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Figure D 9 Whiteboard 

 

 

 

 

 

 

 

 

Figure D 10 File Sharing 
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Figure D 11 linking 

 

Figure D 12 Create/Delete Courses 
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Figure D 13 Upload-Download Resource Packages 

 

 

Figure D 14 Self-Evaluation 
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Figure D 15 Online Quiz Editor 

 

 

Figure D 16 Online Grading Feature 
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Figure D 17 Participant Administration for Online Courses 
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SCREENSHOTS FOR SURVEY QUESTIONS  

 

APPENDIX E 
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