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Summary
The pilot phase of this project is primarily meant to be a learning experience for designing and developing an outcome-based curriculum document covering a sample list of core engineering courses at bachelor’s level, in selected disciplines, involving a very large number of eminent faculty members and experts spread across the country. Written in terms of Specific Learning Objectives, following established Learning Taxonomies, an outcome based curriculum document needs to specify not only what courses are to be taught, but why and how such courses are to be taught. Efforts are to be directed at combining domain specific learning objectives with a set of domain independent learning outcomes through innovative learning strategies.  
The concept of outcome based education being comparatively new, there is very little expertise in the country in this area. Faculty members and experts likely to be involved in this project are those, who possess considerable domain knowledge, but perhaps, not enough pedagogic expertise and hence will require significant exposure to pedagogic principles before undertaking this difficult assignment. 
The real challenge will be in identifying, inducting, motivating faculty members and experts from far and wide, providing adequate information and support to everyone to accomplish the stated objectives in the very limited time frame of the pilot phase of this project. Developing appropriate ICT tools to implement, monitor, coordinate and support the project within a short span of time is likely to prove as challenging as the main task. Although not explicitly stated, this learning experience is an important objective of the pilot phase of the project.
It is hoped that, unlike any past effort, the new curriculum document will reflect a major shift from the currently prevalent teaching learning methodologies, moving away from the traditional teacher-centric approach to largely student-centric approach; combining the strength of face to face teaching with the power of technology enhanced learning, laying emphasis on blended learning, attempting to introduce concepts such as problem based learning and collaborative group learning. The curriculum document is expected to combine the best practices in pedagogy with appropriate e-learning tools to take care of the individual differences amongst learners of various classes and intellectual calibers. 

Generation of a comprehensive research review report and spreading awareness about best pedagogic practices amongst a significant number of faculty members are two additional objectives of this pilot project
1. Introduction

This is a sub project of the National Mission Project on Education through ICT announced by the MHRD in March, 2009. IIT Kharagpur has been entrusted with the responsibility of anchoring the project “Developing suitable pedagogical methods for various classes, intellectual calibers and research in e-learning”. Although the duration of the pilot phase of the project was initially expected to be only six months ending on 31st Oct, 2009, the complexity, the magnitude and the nature of the project are such that an extension by another 3 months to 31st December, 2009 may be unavoidable. If the pilot is considered successful, then the main  project may start from January 2010 and continue till June 2012 with enhanced scope.
2.   Objectives

As outlined in the DPR, the major objectives of the pilot phase are:

· Generate a report covering  review of recent researches, developments, issues and trends in university level engineering and liberal education system with special emphasis on the pedagogic aspects of e-learning and technology enhanced learning design covering the needs of learners with differing abilities, expectations and socio cultural background. The report would identify some of the key areas where further pedagogic research and development may be taken up to address the needs of these sectors, particularly in the Indian context. 
· Expose a large number of faculty members drawn from various institutions across the country to good teaching-learning practices to prepare them for taking up challenging curriculum development tasks posed by India’s wish to become a Washington Accord Signatory State. 
· Build up necessary expertise, infrastructure, and appropriate curriculum development methodology including assessment and evaluation tools for use with modern learning outcome based curricula for higher education. 
· Develop sample subsets of curricula for a selected list of courses in university level engineering disciplines, keeping in view criteria 3 of Washington Accord. 
· Develop a sample set of ICT tools to increase efficiency of teaching-learning process

3. Rationale of the project

3.1 Some assumptions 
· Knowledge in every field will continue to grow at an ever increasing rate. 
· ICT tools will continue to make access to high quality learning resources easier with every passing day. 
· Even a four year period is too short a time to learn / teach everything, forcing all professionals to learn many new knowledge and skills throughout their lives and mostly on their own.
· Graduates of the 21st century should have the ability to arrive at informed judgments – that is, to effectively define problems, gather and evaluate information related to those problems and develop solutions.
· They should have the ability to function in a global community through the possession of a range of attitudes and dispositions including flexibility and adaptability, ease with diversity, motivation and persistence, ethical and civil behavior, creativity and resourcefulness.
· All graduates should have a guaranteed level of competence in a given field.
· All graduates should have a demonstrated ability to deploy all of the previous characteristics to address specific problems in complex, real-world settings, in which the development of workable solutions is required.
3.2 Pedagogic implications of the above assumptions
· The curriculum and the pedagogic design must be so integrated as to ensure that students are carefully guided  “how to learn” on their own
· It is important to plan teaching-learning activities in such away that all students learn how to make effective use of ICT tools in searching, indexing, storing and retrieving information quickly. 
· Our curriculum should be so designed and the pedagogic strategies so aligned as to ensure that along with the minimum set of competencies in their chosen specialization, graduates also acquire these generic skills and attitudes as an integral part of their programme of study.
· It is necessary to state explicitly these generic skills in the curriculum as essential learning outcomes - that need to be demonstrated by all students to be eligible for the award of a degree.
· A well designed curriculum must specify:

· Clearly stated domain related learning objectives (Specific Instructional Objectives), corresponding assessment tools and the evaluation methods for all the courses in a particular specialization.
· Teaching-learning methodologies to be adopted to ensure that all graduates are able to demonstrate the possession of the stated learning outcomes (generic skills and attitudes)

4.
 Evidences from pedagogic research

· There are significant differences amongst various classes of learners in terms of learning styles, learning needs, intellectual abilities, preparation, motivation and similar factors known to affect learning.
· Except in special cases where the class size is very small, traditional teacher-centric approach is unable to take care of such individual differences amongst learners.
· Adoption of learner-centric approach, problem based learning and small group collaborative learning, particularly for the higher education is significantly more effective compared to the traditional teacher-centric, expository and passive learning approach.]
· Implementation of learner-centric approach, problem based learning and small group collaborative learning particularly for large classes is usually very effort intensive.
· Use of blended learning methods where instructor led teaching is combined with e-learning tools can go a long way in adopting learner-centric approach, problem based learning and small group collaborative learning
· ICT tools have enormous potential in designing and delivering high quality education to a much larger student population.
5.  Nature of Project
· In some sense this is an unusual project. It is a major attempt to fundamentally innovate Indian Engineering Education System.
· It is a deliberate attempt to reduce spoon feeding the students with what the teachers know best. 

· It is a conscious plan to free teachers from taking up the role of the “sage on the stage” and to allow them devote more time and effort to turn their students into self learners.

· It is a bold attempt to rewrite engineering curriculum in terms of well defined learning objectives using taxonomies of learning, so that all constituents - the students, the teachers, the departments, the institutions, the parents/ guardians, the employers and the society at large know in advance, what exact knowledge and skills the students are expected to acquire and be able to demonstrate on successful completion of their programme of study. 

· It is an attempt to ensure that at the end of a 4 year programme of study, students not only gain competency in their chosen discipline defined by the Learning Objectives of various courses set by the teachers, but they are also able to demonstrate a generic set of knowledge, skills and attitudes called Learning Outcomes (irrespective of the discipline), which are considered essential for all graduate engineers in the present day world. 
· Learning Objectives of various courses in any programme of study (Example: B Tech in Mechanical Engineering offered by the ME dept. of an institute XX) are to be framed to be consistent with the vision of Mechanical Engineering Graduates that the department wishes to produce, which in turn is expected to be consistent with the Mission and Vision of the Institute XX.
6.  Learning Outcomes 
In an agreement signed in Washington in 1989(International Accord on Education) by a large number of nations (Washington Accord), these generic skills, called Learning Outcomes expected from all graduate engineers were defined as shown below.

On completion of an accredited program of study typified by four years or more of post-secondary education, a student should be able to:

i. Apply knowledge of mathematics, science, engineering fundamentals and an engineering specialization to the conceptualization of engineering models.

ii. Identify, formulate, research literature and solve complex engineering problems reaching substantiated conclusions using first principles of mathematics and engineering sciences.

iii. Design solutions for complex engineering problems and design systems, components or processes that meet specified needs with appropriate consideration for public health and safety, cultural, societal, and environmental considerations. 

iv. Conduct investigations of complex problems including design of experiments, analysis and interpretation of data, and synthesis of information to provide valid conclusions

v. Create, select and apply appropriate techniques, resources, and modern engineering tools, including prediction and modeling, to complex engineering activities, with an understanding of the limitations

vi. Communicate effectively on complex engineering activities with the engineering community and with society at large, such as being able to comprehend and    write effective reports and design documentation, make effective presentations, and give and receive clear instructions.

vii. Function effectively as an individual, and as a member or leader in diverse teams and in multi-disciplinary settings.

viii. Demonstrate understanding of the societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to engineering practice.

ix. Understand and commit to professional ethics and responsibilities and norms of engineering practice.

x. Understand the impact of engineering solutions in a societal context and demonstrate knowledge of and need for sustainable development.

xi. Demonstrate a knowledge and understanding of management and business practices, such as risk and change management, and understand their limitations.

xii. Recognize the need for, and have the ability to engage in independent and life-long learning.

xiii. Recognize the need for, and have the ability to manage stressful situations both in personal as well as in professional life.

[Item xiii is not part of WA learning outcome but has been added tentatively]
[Definitions of Complex Engineering Problems and Complex Engineering Activities are given at the end]
 7.  The Challenge
· The challenge lies in devising learning (teaching) strategies to ensure that the programme/course level learning objectives in the concerned engineering discipline and the Learning Outcomes, mentioned above are learnt (taught) simultaneously
· The main thrust of this project can be summarized as:
· Rewrite engineering curriculum in terms of well defined learning objectives using established taxonomies of learning (Bloom’s Taxonomy / Vincenti’s Categorization) and preferably using procedures suggested by Gronlund for writing Instructional Objectives.
· Devising learning (teaching) strategies to ensure that the programme /course level learning  objectives in the concerned engineering discipline and the Learning Outcomes, mentioned above are learnt (taught) simultaneously

· Devise a set of problems / assignments / tasks which need to be solved by students as proof of accomplishment of learning objectives as well as learning outcomes. For a course that typically requires 40 hours of class room instruction around 115-120 such assignments are expected to be developed.
· Specify different assessment tools and evaluation methods to be used for student achievement evaluation in each course.
It is important to understand that Learning Objectives at all levels have close relationships with the Learning Outcomes defined earlier. Faculty members wishing to become members of course design and development teams need to realize that design of learning strategies which are likely to ensure achievement of the specified learning objectives and the specified learning outcomes at the same time is probably the most crucial part of the proposed work.
It is possible to teach a course on communication to achieve Learning Outcome (vi) or other specially designed courses to teach one or the other of the outcomes. A better alternative is to devise learning strategies for each course in such a way as to ensure that on successful completion of each of these courses, the student learns not only the course specific learning objectives but also the generic Learning Outcomes to the extent possible. 

     8.  Proposed Pedagogic Principles
· The dominant pedagogic principles that can be brought into play for simultaneous achievement of the Learning Objectives and the Learning Outcomes are:
a)  Small group collaborative learning.
·  Wherever appropriate, formation of suitable groups may be suggested, assigning the role of leadership to different members of the group for different assignments / tasks / problems / projects. [learning outcome vii] 
a) Active learning,
b) Student centered learning,
c) Problem based learning
· Students may be given well designed assignments / problems / tasks / projects starting with each unit learning objectives, learning objectives of a group of units, learning objectives of a complete module, groups of modules, full course and where possible even a group of courses. These assignments need to be carefully designed keeping in view the learning outcomes mentioned earlier, specifically outcomes i-vii and viii –ix. Designing such assignments will require a great deal creativity and domain knowledge on part of the course designer. [ outcomes i-vii and viii –ix]
· Instead of providing ready made fully structured course material, students may be required to consult appropriate learning resources such as chapters in specified books/journals, listen to/view appropriate sections of audio-video resources(if any), refer to appropriate websites suggested by the course designer/ course tutor, study any suggested animation sequence/photographs/datasheets/diagrams and notes provided by the author. Students may be encouraged to consult peers and mentors whenever required. [outcome xii]
· Students may be asked to submit homework/assignments on a regular basis using  in text format/ as PPT/ other appropriate audio-visual tools [outcome vi] 
a)  Matching teaching styles to learning styles
    b) Need to take care of individual differences amongst learners.
· Use of suitable e-learning tools is expected to facilitate 
· self paced learning, individualized learning (allowing each student to follow his / her own learning styles choosing appropriate learning resources from the diverse range suggested by the course designers), 
· formation of virtual collaborative groups exchanging roles at suitable intervals, 
· demonstrate communication skills through appropriate ICT tools, 
· access to diverse range of simulation, modeling and other ICT based tools, databases,
·  interaction with peers and mentors at will.
   9.  Terminologies Used

· Mission and Vision of Institution
· Every university/ Institution is expected to have explicit statements about their Mission and Vision. In reality, many do not declare these explicitly. The IITs and most of the other tier1 Institutions and Universities expect to produce engineers and scientists primarily to cater to the research and academic sectors of the society. Usually their mission also includes producing leaders and great innovators. The products of these institutions are expected to be responsible for undertaking activities which cater to the long term needs of the country.
· Similarly some Institutions and Universities aim to produce human resources who are expected to be good design and development engineers/ technocrats and are capable of taking care of midterm (around 5-10 years ahead) requirements.  

· There are still others, who aim to produce engineers who can take the responsibility of keeping the wheels of industry running on a day to day basis. The majority come under this category.
· Programme Educational Objectives of Departments ( PEO)

· Most departments have distinct strengths and weaknesses and their own ideas about the kind of engineers they would like to produce. Some wish to produce engineers with one kind of specialization within a particular branch of engineering; others may prefer a different kind of specialization / emphasis.  
· Departments need to formulate and state these Programme Educational Objectives explicitly and choose courses that will fulfill these PEOS.
·  It is important that the department’s PEOs are consistent with the Mission and Vision of the organization to which they belong. 
· Learning Objectives
· This term has already been defined as the skills and attitudes that the students should be able to demonstrate in their chosen area of specialization as defined by the faculty member designing the course. Learning Objectives are unambiguous statements defining in clearly measurable terms what the student will be able to DO on successful completion of the course / module / unit. These are not statements of the instructor’s teaching / action plan.
· Course Level Learning Objectives

Course level learning objectives need to be consistent with the PEO of the particular programme of study and need to complement and supplement learning objectives of other courses as dictated by the PEO. A single course may not be able to ensure achievement of the all the PEOs fully, but all the courses taken together must be able to ensure the achievement of the PEOs. Usually course level learning objectives are written mostly as broad General Objectives and less as Specific Instructional Objectives. Course level learning objectives are rarely more than 6-8 lines long. 
· Module Level Learning Objectives
Each course is expected to be divided into a number of logically structured modules (the modular structure is ideally obtained by using Concept Maps). Module level Learning objectives are usually again 6-8 lines long are more specific and often should contain more Action Verbs to define the learning objectives. These objectives need to be, not only consistent with the course level learning objectives, but should actually be logically elaborated versions of the later.

· Unit Level Learning Objectives
A unit is a quantum of learning, equivalent to one hour of class room lecture and approximately 1 hour of corresponding homework. These are to be written as Specific Instructional Objectives following well established Learning Taxonomies (such as that of Bloom’s Taxonomy) using  appropriate Action Verbs for appropriate Domains and Levels of learning. Typically a course is expected have at least 40 units (equivalent to 40 x 1 hour lectures and corresponding homework). Each Instructional Objective should be written separately (more than one should not be combined in one sentence) so that it is possible to test whether a student has achieved an objective independent of other instructional objectives.

· Note 1: Terminologies shown in blue will be elaborated in a separate tutorial note and also during the induction programmes to be conducted for faculty members who evince interest in becoming course developers by submitting the attached EOI form.

Note 2: The relationship between Mission and Vision of an Institute, PEO, Course, Module and Unit level objectives are illustrated further in the attached PPTs ( labeled Course Design)

Note 3: In the section labeled Course Development in the attached PPT, some suggestive strategies are shown. The problems / assignments may be numerical, short or long answer type, design problems or may take any other form. These should be original (not copied from else where), and of high level. 2-3 such problems per unit of lesson in addition to short relevant MC questions and reference to problems from easily available good text books are expected from the course development team

10. Course types to be taken up during pilot phase  
A few selected Departmental Core Courses from the most common engineering disciplines such as EE, CE, ME, ECE, CSE, Chem. E., Mining, Metallurgy are proposed to be taken up during the Pilot Phase of the project. Other relatively less common engineering disciplines may also be taken up if there is sufficient response. 
11. Definitions of Complex Engineering Problems
Engineering problems which cannot be resolved without in-depth engineering knowledge and having some or all of the following characteristics:

· Involve wide-ranging or conflicting technical, engineering and other issues

· Have no obvious solution and require abstract thinking, originality in analysis to formulate suitable models

· Requires in-depth knowledge that allows a fundamentals-based first principles analytical approach

· Involve infrequently encountered issues

· Are outside problems encompassed by standards and codes of practice for professional engineering

· Involve diverse groups of stakeholders with widely varying needs

· Have significant consequences in a range of contexts

· Are high level problems possibly including many component parts or sub-problems

12. Definitions of Complex Engineering Activities
Complex Engineering Activities means  activities or projects that have some or all of the following characteristics:

· Involve the use of diverse resources (and for this purpose resources includes people, money, equipment, materials, information and technologies)

· Require resolution of significant problems arising from interactions between wide-ranging or conflicting technical, engineering or other issues,

· Involve creative use of knowledge of engineering principles in novel ways

· Have significant consequences in a range of contexts

· Can extend beyond previous experiences by applying principles-based approaches 
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