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Abstract

Teaching Engineering courses at graduate and post graduate level has always been expensive. Infrastructure cost that includes establishment of laboratories, libraries, establishment of degree programs, and accreditations is considerably high as compared to traditional general science or arts courses. Similarly maintenance cost is also on the higher side, which includes arranging qualified faculty members, access to digital libraries, lab usage, teaching resources, etc. This makes E-learning a natural choice for policy makers in the developing countries as a medium to impart engineering education; however making laboratory science courses accessible to distance or online learners require eliminating certain barriers.  These barriers include managing laboratory based courses, selection of simulators and virtual experiments, provision of ‘to-do’ take home assignments, role of online tutor and ensuring reliability of the evaluations being conducted. The proposed framework deals with above issues using Problem Based Learning (PBL) methodology for transferring knowledge. An open source Learning Management System is used to store course contents, lab manuals, course works, lab assignments and references. A Virtual Classroom is used to provide synchronous communication between instructor and student, while QTI standards are used for ensuring authenticity of evaluations. The proposed framework is developed using open source web servers and software, where tutors and learners are required to register themselves in a course. A profile is also stored for every user.
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1. Introduction
It is an established fact that nearly half a century ago, Japanese changed the masses concept of utility by their “low cost at an acceptable quality” theory [1]. Nowadays this theory is considered as the foundation for the success of popularization of many areas, such as manufacturing, health and education. This fact has also initiated the need of new models and frameworks to provide access and reasonable quality to masses. Professional education at graduate level such as medicine and engineering is also facing the same issue and a number of education models primarily based on distance education and e-learning have been proposed [2..6]. Learning is no longer considered as a process transferring and distributing knowledge to the students. It is now viewed as a transformational process whereby students acquire facts, principles, and theories as conceptual tools for reasoning and problem solving in meaningful contexts. The role of teacher has been modified from traditional pedagogical (intellectual) to facilitator, manager and social [7], who not only provides knowledge and guidance, but also helps students in finding the right learning artifact for them from various known and unknown internet forums. From the technological perspective, internet is playing an important role for such student based learning.
The objective of this paper is to develop an e-learning framework that will be used by teachers and knowledge providers of various engineering universities of Pakistan, to organize the course contents including laboratory experiments, for distance learning through existing infrastructure, experience, needs, and later on reorganizing it if necessary, depending upon the performance of students, by adapting evaluation techniques, such as diagnostic, formative and summative. The approach to organize the lecture contents is based on the adaptive learning theory.  Finally a good amount of emphasis is given on evaluation procedures that the tutor can adopt to evaluate the students, in order to provide these students course contents, based on their learning curve.

Learning styles and learning mechanisms are changing rapidly. Learners yield rapid learning through new technologies through electronic and web media. The trend of education has largely shifted towards the web based learning environment with ever-increasing popularity of the Internet. More and more web based learning sites, VLEs (Virtual Learning Environments) and LMSs (Learning Management Systems) are becoming common, providing various mediums of interaction amongst tutors and learners. The most commonly used mediums are passive posting of study material, Internet chat and email. A number of software and learning systems have been developed using these technologies, such as Blackboard, Moodle, Sakai, etc., whereas the usage of Web2.0 technologies (RSS, social bookmarking, blogs, etc.) and mobile learning are also picking up the pace [8]. New developments in learning science and technology provide opportunities to create well-designed meaningful learning environments for diverse learners. With the increasing use of a variety of approaches in learning in the information age, learners are moving away from wanting to be taught mostly in lectures to problem or case based learning, where they learn through experience and problem solving. Today, learners expect on-demand, specific instruction with good support services. The delivery of information and learning through a web based instructional systems could be done by using text and media. To provide true replica of real world learning, systems should also provide reference sections of the topics that are being offered on those management systems, which could be in the form of hypermedia. But still it lacks the learning through behaviors i.e. the learning with the help of gestures and face-to-face question and answer sessions. To overcome this, web based systems use virtual meeting sessions (Cisco WebEx, Dimdim, etc.) and group forums. 

Course contents are developed on the theory of constructivism. Constructivists propose that the construction for new knowledge starts from one’s observations of events through past experiences. Hence, learning is the integration of new knowledge and behaviors into a framework and subsequently recalling relevant events in the appropriate situation. This theory is also applied in our educational framework. Course Content created, transfer of knowledge, arrangements of laboratory work and evaluations are carried out as per the standards laid out by ABET and Pakistan Engineering Council. 
2.
Conceptual Framework Development
In this section, we discuss background environment where such an online system is to be deployed. In order to assess it, we focus on main component – learning (aka distance learning) infrastructure. It seems appropriate to consider typical learning infrastructure of a developing country, where constraints are relatively high and thus include many of the possible difficulties faced by an interested subscriber.

The backbone of this framework is an open source LMS (Sakai, Moodle, Elgg, etc.,) that will be used to create repositories of all the engineering courses being taught. This system will be a central system, supported by all the engineering universities, where specialist teachers are encouraged to submit their course material. The Higher Education Commission (HEC), Government of Pakistan is an ideal place to host such repository. HEC being responsible for providing curriculum guidelines to private and public universities of Pakistan, will also be in a position to implement and monitor major expansions in quality education through this framework, thus improving quality control standards of the courses being imparted in different universities, and creating some sort of uniformity between them. A PBL pedagogy process is suggested through which course content are provided as per students need and performance. Instructors are also trained to develop assignments that are based on a case study or a real life problem, for which students are assessed on the basis of the questions like why, how what, etc. In this way a student can be graded and ranked, which in turn provide the feedback to student for future improvements and challenges.

Telecommunication Infrastructure is a major bottle neck in a developing country to employ such systems. Rural areas usually have relatively weaker infrastructure as compared to urban areas. Awareness to VLEs and LMSs is another issue that we foresee in rural areas. Based on these facts, it is understood that learning modes and their dynamics are to be devised carefully so that reasonable number of students is provided online access to general administrative/academic information and specific supporting course material. Such a system will be required to provide varying degrees of access for student’s maintained confidence into the system. Under this concept, the framework to be devised is suggested to support following learning modes: 

a)
Offline teaching material with archived learning components (audio, video, flash and independent executable files) to be downloaded
b)
Offline teaching material with email and group/forum support
c)
Offline teaching material with online facilitator (chat support)
d)
Online teaching material with online facilitator (virtual class room support)
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It should be re-emphasized here that teaching mode varies in degree of quality delivery from offline to online mode for accessing the teaching material. This is what it seems to be prevalent within such a scenario providing availability cost versus quality. In other words, the services to be provided to students depend upon the availability of necessary infrastructure at their premises. Considering the different modes of teaching mentioned as above, the various services could be offered through such framework are online teaching (web camera sessions), chatting, interactive white boards, interactive classrooms and discussions for online teaching, course repository including curriculum, lecture presentations, tutorials, videos, quizzes, reading material and course announcements are provided in the offline teaching mode. Further, if we look closer at services versus modes of teaching, the e-frame work to be devised for such a flexible and a wide range platform needs to have internal and external sub-systems. The internal and external sub-systems can be considered as equivalent to registered and un-registered students respectively. Both of these sub-systems of e-framework are to be developed and supported by an online education system within such a typical telecom infrastructure. In other words, it can provide a generic e-learning system supporting all possible scenarios. Such an e-framework is proposed as shown in Figure 1, describing activity versus access. The horizontal dimensions of the framework represent activity: information, interaction, collaboration, collocation, and transaction. The vertical ones represent access: internal and external. On the vertical side, the external dimension is open courseware, global chats and general management. The internal dimension is focused on registered students, who along with access to ‘external entities’, can also participate in various other academic activities, including class participation and assessments, as shown in Figure1.

Figure1. E-learning Framework providing access at Internal and External levels

2.1
Learning through Constructivism 

Students decide what they need to learn by setting personal learning goals. Students construct for themselves meaningful knowledge as a result of their own activities and interaction with others [9]. Learning strategies include library research, problem and case-based learning, solving assignments and projects, group work, discussions, and fieldwork. On the contrary, classroom teaching is a stimulus to the student’s real learning that mostly takes place outside formal classes. Further unstructured (Constructivism) classes with individualized activities, much discussion and optional attendance will provide more chances of learning then traditional class room methods. Students engage actively with the subject matter and transform new information into a form that makes personal sense to them and connects with prior knowledge. Students are placed immediately into a realistic context with specific coaching provided as needed [10].
The constructivist model is learner-centered. The student must control the pace of learning. The teacher acts as a moderator who facilitates the process of learning. Students learn better when they are allowed to discover things by themselves rather than being told what to learn. Variations of the constructionist theory include the collaborative theory of learning, and the cognitive information-processing model of learning. Constructionist-based theories are very popular and have triggered a paradigm shift in the education process towards a student-centered learning approach. This means that there should be some contact between the teacher and the student for the achievement of learning and ability outcomes of a subject. A leaner builds his/her knowledge by building up a knowledge base according to a sequence that suits his/her learning process. Hence every learner has a different experience of learning. A learner can acquire knowledge from social interaction (social-constructivism) with others [11]. According to different theories of learning [10], it could be summarized that the ability to learn is the result of some sort of input and then constructing the meaning from it. Learning consists both of constructing meaning and constructing systems of meaning [12]. There could be many factors involved the process of learning of learner e.g. language, environment and the medium of communications.
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Figure2. Adaptive Learning methodology

2.2 
Modern Style of Learning

Learning is the integration of new knowledge/ behaviors into a framework and subsequently recalling what is relevant in the appropriate situation. To understand learning we must consider how new information is received and the stage through which new information is processed as it progresses from immediate sensory experience to long-term storage. It is also important to understand how novices and experts organize, analyze, or encode, and then retrieve necessary information. Teaching consists of organizing, planning, delivering and evaluating the content of the subject area. Figure 2 shows the basic elements and their relation in an adaptive learning environment. An instructor hosts subject contents on a course website, which are delivered to students based on certain feedback and performance. If the student has managed to read/pass previous modules in his course roadmap successfully, then the system will allow him to access the new material, otherwise the student will be required to clear the previous modules through web based assessment system, providing performance feedback to the teacher. Learning is contingent upon perception. It improves concept formation- the essential element of human thought. Learning is benefited by memory and is achieved through thoughtfulness and critical thinking [12]. This framework suggests that students should learn at their own pace, rather than following a particular timetable, which in some cases may not be the right choice.
Teaching may best be defined as the organization of learning. So the problem of successful teaching is to organize learning for authentic results. Teaching may be thought of as the establishment of a situation in which it is hoped and believed that effective learning will take place. This situation is complicated and made up of many parts, such as the requirement of a learner, facilities (stated place, time of meeting, books, aids, etc.), orderly and understood procedures, rules for grading and finally an organizer who brings these parts to a complete form– in other words a teacher. Teaching is the organization of learning. Thus it follows that a teacher is essentially an organizer. The task of any organizer is to enable a group and the individuals in it to function effectively together for the achievement of a common purpose [13].
Feedback or evaluations are mostly conducted through web-based assessment procedures available in a VLE. A number of online and office tools are available in such systems, ranging from MCQs to open ended questions. The Web-based informal assessment represents a cognitive behaviour modification technique designed to help students develop goal setting behaviour, planning and self-monitoring and provides the opportunity for students to master the concepts.  For example, students can regulate and monitor their own learning throughout the course in a sequential and constructive fashion as they respond to the questions and receive on-going feedback [14]. Students in a course are mostly assessed on the basis of the question like why, how what, etc. In this way a student can be graded and ranked, which gives in turn student a feedback for future improvements and challenges. There are various modes in which a student can be assessed, such as written exam and quizzes, viva voce, projects, lab reports, thesis, dissertation, self-assessment, peer assessment and many more.

2.3
Problem Based Learning
PBL is a constructivist teaching method, also known as student-centered pedagogy, in which students learn about a subject in the context of complex, multifaceted, and realistic problems. It utilizes student groups to identify what they already know and what they should be learning, but each group member is also responsible for independent research. Further, instructor scaffolding is considerably less direct in problem-based learning than in other constructivist models such as anchored instruction. Students are allowed to struggle and induct their own mental model of course concepts with only occasional "life-lines" from the instructor when concept processing falls off-track. Problem-based learning is most similar to case-based instruction, but in its purest form, PBL is more open-ended [15].
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Figure3: Student Centered Model for Adaptive Learning

The above sections provided details of the different aspect of education. In this section, we are presenting a framework for E-learning which will aid in developing a prototype and online sites incorporating multimedia tools such as audio, video and graphics, along with the above mentioned aspects of education. Figure 3 depicts the basic elements or our model. This is a student centered model and the teacher’s job along with providing education, is to tune certain parameters, through student’s feedback, to describe what next should be provided to the student.

PBL teaching method places responsibility on students for managing their own, learning while the teacher guides them and manages their learning environment. Students are given tasks and opportunities, information resources and support, and encouraged to construct their own knowledge structure which is guided through feedback and revision. Learning strategies include library research, problem and case-based learning, doing assignments and projects, group work, discussions, and fieldwork. Classroom teaching is a stimulus to the student's real learning that mostly takes place outside formal classes.

2.4
Feedback Annotations
Teachers uploading their teaching material on LMS are encouraged to define feedback annotations as well. These annotations [16] are used for creating small assessment and feedback points through which the teacher receives students’ feedback, and are part of feedback log as shown in figure 2. These annotations act as metadata to student grading and can be used for cumulating overall assessment in a course. These annotations are also used by students when they want to tag, bookmark, search, link, or highlight the part of the learning material. These annotations can later be used to develop community folksonomy, in order to rate a part of a learning component by the student community. Similar technique is also used for virtual labs that are discussed in section 3 of this paper.

2.5
Implementing Difficulty Index

The proposed framework would be developed on the basis of both the constructivism theory and PBL. For the case study, Basic Electrical Engineering courses are inspected. The course contents are developed on a wider assessment difficulty index of easy, moderate and difficult (to be decided by the tutor). For example, topics in which electrostatic and magnetic fields, their properties, and basic circuits are discussed could be placed in easy difficulty index category. Topics which discuss radiation, electrical energy transmission and power transformer could be placed in the moderate difficulty index. Finally, difficult index covers topics which are dependent on some other subjects e.g. transmission networks, instruments and measurements, etc. The difficulty index would be different for each course according to targeted audience and would be decided by tutor by allocating less points for topics that lie in the easy level, average points for moderate level and maximum points for topics difficult index level (a linear mechanism). Each topic taught would increase learner’s knowledge points by a predefined increment. If a learner’s knowledge points match or come closer the tutor defined outcome points of the course, a student would be considered to have good problem solving skills. If no one or only few come closer to outcome points, the tutor can reorganize the course contents in the difficulty index to achieve the expected outcomes.
3.
Applying PBL to Engineering Laboratories
Engineering laboratories are real challenge to distance learning. Laboratory experience is most important component of Engineering Education. Such education is provided face to face in a traditional environment and instructors’ expertise is considered crucial for knowledge delivery. A number of virtual simulators and internet based test-beds have also been introduced to conduct most of the engineering experiments, especially in the field of Electrical, Electronics and Computer Systems [17, 18]. However it has been shown in recent Internet based remote and virtual laboratory studies, effective learning could only be achieved by approaches combining theoretical courses with laboratory works which could be repeated as many times as the learners wish [19]. It can be argued that face to face training could have limitations both at the trainer end and at the student end. Among the limitations at the trainer end, the requirement for more knowledge, lack of training skills, high maintenance cost, and supporting staff are some to highlight, whereas at the student end, restricted schedules, provision of consumables, availability of laboratory equipment in working order and that trainer would not be able to repeat experiment as many times as the student wish. Therefore remote or virtual laboratories have a good opportunity to appear as better alternatives for staff and students.

Virtual laboratories with aided annotations, are very helpful not only to provide feedback as required by PBL strategy, but are also helpful in indexing different steps of a lab practical, to provide synchronized text caption and guided information, to identify which topics that need further clarification from the pattern of learners and to provide feedback on students’ performance. Annotations can also be used to provide hyperlinks to videos and other recordings on web such as YouTube, where demonstration videos can be uploaded for further training. The suggested framework also features development of an interactive lab manual that can be effectively used by students to carry out step by step instructions from the system while conducting an experiment. An instructor can develop this manual using LMS in the same fashion as a quiz is developed, whereas a student after completing his lab experiment will submit his readings, which are evaluated by the system and results are generated instantly. In this manner, students are encouraged to use virtual labs using PBL through LMS. For advanced experiments, where physical apparatus is required, the Universities are encouraged with existing infrastructure to allow students to use their labs, whereas training material is to be provided by proposed framework.

4.
Implementation
The framework suggested site is developed using open source web servers and software.  Tutors (authors of course) and learners are required to register themselves in a course. A profile is stored for every user. Along with, data fields are provided for storing pre-requirements, learning abilities, domain knowledge, prior training and feedback received. For interactive chats, we have developed customized software, where the registered students can login in particular class rooms. In the profile, student thumbnail pictures of the students are also provided. As shown in figure 4, the primary server is s a combination of remote server, streaming server, content management server and database server. Remote server handles communication between primary and other parts of main system. Streaming sever is used for live transmitting and on demand video. Content management server deals with asynchronous learning. Features provided by primary server are: discussion list, live and relayed streaming, online quizzes, student messaging, course notices, course material repository, discussion forum, blogging, FAQs, peer critique, coursework submission system and engineering laboratory module.
[image: image3.jpg]Primary Server

Streaming Server

e Live Streaming

Remoting server

e User Authentication

e Course Notice

e On demand Video ¢ Discussion list e Course Material

e User list e Discussion forum

e Marks list . Malf k List

: . e Online Quiz
* Checking Aqswer e Submit Material
* Teachfa r Setting e Client Setting
WAN
Student Client Teacher Client

e Exam

e Discussion Send
e Display

e [ecture Transmit
e Speaking
e Question Send

Content Management Server





Figure 4: Main system Architecture

The instructor module is similar to student client module but has added functions of class control, video transmission, screen capture transmission, and question reply function. Instructor is responsible for organizing subject materials according to the topic and the sub-topics in a particular manner. Lectures and lab sessions are cross-referenced using hyperlinks on to other web pages and related YouTube videos. Sub-topics fall in the categories of explanations, examples, questions and references. It is the responsibility of the tutor to develop and maintain the formula for PBL difficult indexing, by using the above mentioned entities, to decide whether a student is allowed to proceed further. The development and study of this formula is beyond the scope of this paper. Currently in the proposed framework, we have adopted linear incremental method for modifying difficulty index.

Each course on the site is created on the basis of course title. Followed by a topic, and sub-topics in a particular index of difficulty, learners can navigate a topic using links on a page for its sub-topic. Each link clicked increases student’s points for directed unsupervised activity. If a page is clicked from its sub-topic it will not constitute to the points of a student. Once the learner has finished reading through the topic, he/she can check his/her skills by appearing in a quiz. The scored marks in the quiz are added to already scored-points through navigation of pages. This way, students’ performance is checked by comparing their old scores with the current ones. 

At the end of the course a tutor can calculate the average of students’ performance, which in turn will be matched with his expected points for each difficulty index. If there is any difference found then the tutor can change the criteria of difficulty index.
5. Conclusion
An open source low cost E-learning Framework for Engineering Courses in Developing Countries is proposed. It is shown that Engineering education which is considered very expensive and is restricted to selected ones, could be diversified through its teaching pedagogies and can be made low cost by using Internet technology. This framework not only helps in providing learning material and instructional guidelines to a student, but if federated, can also help in maintaining curriculum standards and quality parameters of public and private universities of the country.
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