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  Pref ace   

 The International Conference on Transformations in Engineering Education 
(ICTIEE) was organized by the B V Bhoomaraddi College of Engineering, Hubli, 
India, during January 16–18, 2014. This volume includes the plenary, keynote, and 
contributed papers presented during the conference. The contributed papers were 
subjected to a detailed evaluation procedure involving a number of competent 
reviewers. 

 Currently, we are witnessing a range of transformations in engineering education 
both internationally and nationally. Older paradigms and practices are being rendered 
obsolete, and new ideas are emerging. Some of the new buzzwords surrounding 
engineering education include MOOCs, global engineers, outcome-based teaching 
and learning, good governance, academic leadership, technology-assisted learning, 
and research-intensive institutions. 

 International partnerships, networking of institutions, harmonization of 
quality assurance, and accreditation systems and processes are becoming the 
concern of institutions across the world. There is intense activity worldwide in 
disseminating and sharing knowledge and experience of different countries and 
institutions. 

 ICTIEE 2014 was truly international in character. There were several interna-
tional speakers and foreign exhibitors of education-related products and services 
in addition to their Indian counterparts. A large number of students participated in 
the conference. The international student organization SPEED (Student Platform 
for Engineering Education Development) organized several activities during the 
conference. It was very heartening to see the active participation of the delegates 
in the different sessions and their networking with the speakers and the other 
delegates. 

 We are thankful to the faculty members of BVB College of Engineering, who 
willingly undertook a variety of responsibilities, and also to the reviewers who 
completed their tasks on time. 
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 It is hoped that this proceeding volume will be very useful and of lasting value to 
academic leaders, faculty members, professionals, and engineering students. 

  Dr Krishna Vedula and Dr Ashok S. Shettar served as coeditors for this 
volume. I am very grateful for their support in this endeavor.   

  Bangalore, Karnataka, India     R.     Natarajan    

Preface
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        All of us are aware of the critical but exciting evolution of research universities 
from the 1960s until today, a metamorphosis in which universities have gone from 
insular “ivory towers” to key drivers of economic prosperity. This has resulted in 
dramatically expanded missions for engineering colleges and the program of engi-
neering education. Leading global experts have described the global drivers of 
those expanding missions in terms of accessible and inexpensive global communi-
cations, global partnerships, globalization, expanding access to higher education, 
expanding opportunities for talent, cost control, innovation, global “grand” chal-
lenges, and leadership challenges. Recent global discussions related to the transfor-
mation of engineering education have emphasized that excellent pedagogy in 
engineering education can benefi t greatly from the appropriate use of today’s rap-
idly developing information and communication technology. A wide variety of 
approaches to the use of ICT greatly improve learning experiences by providing 
more personalized and effective learning environments for students. In addition, 
approaches such as MOOCS are rapidly making educational opportunities avail-
able to people who otherwise would not have access to college courses. Not only 
are MOOCS making high-quality educational courses available to an unprece-
dented number of students, these courses also provide a plethora of student data 
that helps advance learning science and provides guidance and feedback which can 
be used to improve student education. The widespread use of ICT in engineering 
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Education    Globally 
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education is in its early stages. It seems clear from the global ongoing discussions 
during the last couple of years that this fi eld will continue to develop rapidly and 
has the potential to transform global engineering education in the relatively near 
future. 

 Strongly infl uenced by the US National Academy of Engineering (NAE), the 
moderator of the panel focused on numerous critical strategic issues confronted 
by the global engineering education community. These issues focused on the real-
ity that the combination of global connectivity and accelerating change will 
increasingly create abrupt disruptions and that universities and colleges will need 
to fundamentally change their mindset to be able to respond to those changes. 
The fact that too many colleges are behind in the use of new technologies in their 
overall culture is deeply disturbing and presents a real challenge. Partnerships 
globally will be embedded in the engineering culture and will characterize engi-
neering operations for many if not most of it functions. Students must be prepared 
to effectively engage in the global community. “Working around the world” for 
them will be similar to “working around the country” which has been the para-
digm in the past. It has become increasingly clear that the engineer’s reality is 
global. Engineering colleges should nurture global talent in leadership, manage-
ment, and “current skills” for professionals across disciplines through targeted 
degree and certifi cate programs. They are poised to create university-wide 
 cultures of innovation that would extend beyond their campuses to surrounding 
communities and beyond. They will engage multidisciplinary teams, usually led 
by engineering, focusing on great global challenges such as environmental degra-
dation, climate change, and other universal issues. Shaping the university and 
college cultures so that they can contribute and prosper under these world drivers 
is the most important and interesting responsibility of university and college lead-
ership today and engineering will play a central role in all of these strategic 
challenges. 

1     Panel Discussion: Transformations in Engineering 
Education Globally 

          Stephanie     Farrel   
  Department of Chemical Engineering ,  Rowan University ,   Glassboro ,  NJ ,  USA    

 The Corporate Member Council of the American Society for Engineering Education 
together with IFEES recently surveyed engineering stakeholders around the world 
to develop a series of competencies and characteristics necessary for a modern engi-
neer to work in a global environment. This study and others send a clear message 
that we must improve the focus on fundamentals, teach more real-world thinking, 
increase coverage of emerging areas, teach problem-solving skills, offer more 
instruction on oral and written communications, instill in students an awareness of 
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ethical, environmental, and social issues, and so on. These fi ndings have signifi cant 
overlap with those of that National Academy of Engineers    [ 1 ] and National Science 
Foundation [ 2 ] as well as the outcomes sought by accrediting bodies such as ABET, 
IChemE, and Engineers Australia. In addition, we must not increase the total num-
ber of credits or time required to complete a degree. It is clear that these goals are 
not achieved by traditional engineering education and that a major transformation is 
necessary to create an engineering ecosystem that supports the development of 
global competencies. What is the role of teaching, course, and curriculum reform in 
this transformation? 

 In recent years, research on instructional practice and learning in engineering has 
led to a variety of teaching strategies that effectively enhance learning outcomes. 
These strategies are accessible to educators through a variety of mechanisms such 
as journals and conferences, workshops, webinars, and certifi cation programs such 
as IGIP’s ING-PAED International Engineering Educator certifi cation. Yet most 
instructors continue to rely on traditional and ineffective teaching methods in the 
classroom. Similarly, some engineering programs have successfully reformed 
courses and curricula to improve learning outcomes, but faculty members are often 
hesitant to engage in such efforts. 

 Over a decade ago, Felder et al. [ 3 ] explained that the gap between the current 
state of knowledge and practice results from the perception and reality that good 
teaching is not valued in terms of career advancement. The authors made a compel-
ling case for the need to create a positive campus climate for good teaching. 
Fourteen years later, we are making very gradual progress toward this goal. This 
panel will explore the following questions? What can be done to accelerate this 
progress? How can forward-thinking administrators create incentives for faculty 
and departments to engage in assessment and reform of their programs? How can a 
positive culture for excellent teaching and educational scholarship be established 
on campuses?  

2     Panel Discussion: Transformations in Engineering 
Education Globally – Focus on Africa 

    Duncan     McKenzie     Fraser   
  Department of Chemical Engineering ,  University of Cape Town ,   Cape Town , 
 South Africa   
 duncan.fraser@uct.ac.za  

 I will confi ne my discussion to the parts of Africa that I am familiar with, which 
means that I will focus on sub-Saharan Africa. As engineering education in 
Africa can only be understood within the general education context, I will deal 
with that fi rst. 

 All levels of education in sub-Saharan Africa have undergone signifi cant trans-
formations since most nations in this region gained independence from the colonial 
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powers in the 1960s. In the 1970s there was a push for universal primary education, 
which pulled resources away from higher education. Apart from the changes postin-
dependence, further transformation of the education sector was forced by the 
 structural adjustment programs of the 1980s promoted by the World Bank and the 
International Monetary Fund, with a further reduction of state funding. In the 1990s 
this led in many countries to the introduction of fees for tertiary students, which 
caused some unrest. 

 Pre-independence, most sub-Saharan countries had only one or two universities, 
with many of them on expansive campuses which included both student and staff 
housing, the exceptions being Nigeria and South Africa. There has been an increase 
in the number of tertiary institutions since then, and more recently quite a signifi -
cant private university sector has arisen in some countries. 

 South Africa had a very different education trajectory, achieving independence in 
1910. While its education system was always skewed along racial lines, this became 
entrenched under the apartheid regime in power from 1949 onwards. This regime 
even introduced ethnic universities for black students. A well-resourced and good 
quality education system for whites was in stark contrast to an under-resourced and 
poor quality education system for blacks. This started changing prior to the fi rst 
democratic elections in 1994, and since then there has been a strong push to equal-
izing resources and quality right across the system. 

 The engineering education sector in sub-Saharan Africa has felt the poor 
resourcing of higher education particularly strongly. Laboratories were often 
provided by donor funding, but upkeep was a problem and most gradually fell 
into disrepair. Libraries have been mostly very inadequate, especially in the 
light of most students not having access to textbooks. There are almost no 
resources for doing research. Academic staff have been badly paid, to the point 
that many have had to have a second income to survive, which usually detracted 
from fulfi lling their teaching responsibilities properly. In Nigeria around the 
turn of the century, the government unilaterally doubled the intake into all engi-
neering schools, without any increase in resources, which led to a decline in 
standards. 

 Most teaching in engineering education is by chalk and talk, with no signifi cant 
student engagement, even though some lecturers are keenly aware of the education 
issues and trends elsewhere, having largely obtained their PhDs overseas. The open-
ing up of the Internet does provide some hope for signifi cant changes in the future, 
although this is severely limited at present by the very low bandwidth in most 
countries. 

  Engineering education in South Africa is a notable exception to all the charac-
teristics noted above, with good resources and facilities, although the approach to 
teaching and learning in many places is still very lecturer-focused. Note that black 
students were only able to study engineering in South Africa from the early 1980s 
onwards. In my institution there is one very signifi cant transformation of under-
graduate engineering education, based on the latest research into teaching and 
learning.      

S. Farrell et al.
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       Keywords     Global engineers   •   Mobility   •   Quality assurance   

  While    global challenges (such as changes in demographic structure, demands for 
better living conditions, sustainability, climate change, and other changes in nutri-
tion, water sources, health, energy, environment) are becoming a part of our daily 
life, the importance and the necessity of the graduates who have global attributes are 
becoming more and more important. Since most of these global challenges are 
much more related to the engineering issues, engineering education with a global 
perspective is needed. The competences to achieve global engineering attributes can 
not only be obtained from one engineering college. Many engineering schools are 
requesting at least a term for study abroad. In year 2020, 7 million of the students 
will be mobile globally, and the aim for the European Commission is that 20 % of 
graduates will take at least study abroad. There are many types of mobility which 
are as follows:

•    Migratory Mobility  
•   Vertical (Intercycle) Mobility  
•   Individual Mobility for Study Period Abroad  
•   Short Organized Group Mobility (summer schools)  
•   Erasmus-Type (Exchange) Mobility (international and national levels)  
•   Integrated Mobility (double/joint degree)    

 One of the important obstacles for the mobility is the recognition of the courses 
which are taken from the other institutes. Although most of the engineering colleges 
are applying similar curriculum, many students are having a problem to transfer 
their knowledge and skills. 

      The Important Tool for the Transformation 
in Global Engineering Education: Mobility 

             Hasan     Mandal    
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 European approach is to improve transparency, recognition, and therefore the 
mobility in higher education systems by using the tools of Bologna Process. Bologna 
Process is simplifi ed by the following fi gure.

    

    As can be seen from this fi gure, Qualifi cations Frameworks (QF) and Quality 
Assurance (QA) are the main pillars. The others (cycles, profi les, diplomas, level 
descriptors, learning outcomes, student workload, and credits) are just the tools. 
Therefore, the understanding QF and QA are rather important. 

 In this respect, the accreditation experience of engineering programs either by 
WA or EUR-ACE systems is giving a great advance for the transparency and the 
recognition and therefore the mobility of the learners in all levels.   

H. Mandal



11R. Natarajan (ed.), Proceedings of the International Conference on Transformations 
in Engineering Education: ICTIEE 2014, DOI 10.1007/978-81-322-1931-6_3,
© Springer India 2015

    Abstract     In India, over 5,000 engineering colleges affi liated to different  universities 
offer conventional engineering education. Teachers in colleges do the teaching, but 
universities rigidly control the programme of study, syllabus, and examinations. The 
quality of education is a matter of concern. MOOCs (Massive Open Online Courses) 
permit learners to access and benefi t from the teaching by renowned professors. 
MOOCs offer an unprecedented opportunity to revitalise education. These cause 
complete disintermediation of the university system, making them very affordable; 
however, they have several shortcomings in their present form. Students enrolling 
for a MOOC still have to conventionally study the subject for their degree. Complete 
absence of physical group activities in a classroom under a teacher’s mentoring 
is another serious issue. Conduct of practical sessions in laboratories is an important 
aspect of engineering education, for which MOOCs offer no alternative. 

 We propose a blended MOOC model for adoption in India. It envisages 
 acceptance of MOOC grades by a university towards its degrees. It also stipulates 
an important role for local teachers, who will use a ‘fl ipped classroom’ model of 
 teaching. They will conduct group discussions and problem-solving sessions rather 
than mere lecturing and locally give and evaluate assignments of which the marks 
will be factored in the fi nal grade. They will also conduct laboratories where needed. 
They will thus mentor and guide students, under their charge.  

  Keywords     MOOCs   •   Blended education   •   Flipped classroom   •   Group activity   
•   Teacher centric   •   Laboratories  

      Adopting MOOCs for Quality Engineering 
Education in India 

             Deepak     B.     Phatak    
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1        Growth of Engineering Education in India 

 India has about 5,000 engineering colleges today, a 25 times increase from just 
about 200 colleges 30 years ago. Annual enrolment of students in these colleges is 
now over 1,250,000. The number of qualifi ed and experienced teachers is highly 
inadequate. As India moves to increase the GER (Gross Enrolment Ratio) in 
 coming years, the need for quality teachers will increase, and the supply-demand 
gap will widen. 

 The quality of engineering education in Indian colleges suffers primarily because 
of the rigidity of our university system. A number of engineering colleges are affi li-
ated to a university. While teaching takes place in individual colleges, it is the 
 university which controls the syllabus and also the examinations. Teachers are 
required to teach strictly as per the prescribed syllabus which changes at a snail’s 
pace, if at all. There is a fi xed plan for the examinations. The papers include  standard 
options such as ‘Answer any 6 out of 10 questions’. The questions themselves are 
mostly descriptive, such as ‘explain something’, or ‘describe something briefl y’, or 
‘write short notes on any two of the following’, etc. Such papers are rather sweetly 
called ‘theory’ papers. Problem-solving abilities, central to engineering education, 
do not get adequately tested at all. As an added attraction, the questions are often 
repeated across examinations conducted in different years. A teacher, who teaches, 
has no control or even a say in these matters. Someone else is going to set the 
 question paper, and some other one is going to evaluate the answer books. It is not 
uncommon to fi nd that students routinely bunk classes and attend coaching classes 
or read guidebooks, which provide specialised training in passing such ‘standard’ 
examinations. 

 I myself studied in a similar college in the city of Indore. It was and is a good 
college, known for its quality faculty and students, but with a similar make-up. My 
own experience was that I studied 100 % syllabus in the fi rst year. Having  discovered 
the ‘choice’ in all examinations, I studied only 60 % syllabus in the second year, still 
securing more than 80 % marks. In the third year, I enhanced my skills to predict 
with reasonable accuracy, as to which questions were likely to be ‘repeated’ from 
the papers of previous years, in the next examination. I could further optimise on 
study time. Smarter students resorted to guidebooks and coaching classes, with 
more optimal outcomes. 

 For me, things changed drastically when I joined IIT Bombay for my MTech in 
1969. My fi rst brush with the IIT style examination was Prof. Jimmy Isaac’s 
 ‘open- book’ test. Time specifi ed was 2 pm ‘onwards’! Delighted, I carried six books 
to the exam. I was shocked to see no descriptive questions and no choice at all. 
There was simply a set of problems to be solved. Jimmy’s style of conducting the 
examination was also very funny. He kept walking around the class, reading the 
solutions being worked out by students, occasionally slapping a student on the back, 
shouting ‘not this way idiot, read that chapter from that book, and solve again’. 
I recall receiving two slaps. I returned the answer book at 6 pm. I was not the last 
student out, as there was one more joker still struggling. I was completely frustrated, 
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but upon refl ection later, I realised that I learned more in those 4 h than I did in a 
semester back home in my college. 

 A teacher in the IIT system has absolute control of the subject he or she teaches. 
Why is it that one Jimmy Isaac succeeds in motivating us to learn better, whereas 
like-minded teachers elsewhere are not able to do so as effectively? Why is it that the 
university system has not changed signifi cantly, whereas the IIT system has thrived 
on continuous experimentation with the process of teaching, learning, and testing? 

 A large number of very good engineers come out of our engineering colleges. 
There are several excellent teachers in many colleges. Yet, the IITs somehow 
 manage to produce better trained engineers. While it is true that funding available to 
most engineering colleges is meagre as compared to IITs, I believe that the true 
differentiator is the immense autonomy and its responsible and creative use, which 
one teacher enjoys and the other does not.  

2     Role of a Teacher 

 To learn, to gather knowledge, and to use that knowledge for making life more 
 comfortable, prosperous, and enjoyable are now integral parts of human  endeavours. 
The society recognised very early that the vast amount of knowledge, gathered and 
accumulated over generations, must be passed to the next generation, for it to be 
substantially assimilated at an early age by the young humans. It is this urge to 
 educate the young of the species quickly, which prompted humanity to create the 
institution of a ‘teacher’, charged with the responsibility of codifying, storing, 
 disseminating, and enhancing knowledge. No other species (barring perhaps the 
bird Jonathan Livingston Seagull described by Richard Bach!) has created such an 
 institution. In order to support this institution of a teacher, structures were created, 
which were known in India as ashram or gurukul in old times. Temples, mosques, and 
churches often served as places for teachers and disciples to congregate. 
A teacher in those days had the same stature as that of a parent. In fact, the ancient 
Indian tradition required a student to leave the safe abode of parents at the age of 
6 or 8 years and live at the teacher’s home for the next 12 years to learn from the 
guru. Apart from disseminating knowledge, the teacher was also responsible to 
inculcate values and discipline in the minds of the young. Under the mentorship of 
a teacher, a student would mature from a young learner into an informed and wise 
adult, ready to live in, and contribute to, a healthy, prosperous, and happy society. 

 Over the centuries, these support structures got formalised into schools, colleges, 
and universities. Curiously, these are now called institutions, and the original 
 ‘institution’ of the teacher has now assumed the status of a paid employee of these 
 institutions. The stature of a teacher, with the attendant autonomy, is still maintained 
in some places, such as most of the well-known universities, including our IIT sys-
tem, and in some renowned colleges. However, in the affi liated colleges and their 
universities in India, the education process, particularly the engineering education, 
is  governed by hierarchy, procedures, rules, committees, rigid syllabi, a set pattern 
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of examination, and the like. Most teachers have lost the freedom to interact with 
students as they wish, to decide on the way topics of a subject ought to be discussed, 
and to conduct the evaluation process as they deem fi t. 

 When a teacher endowed with autonomy teaches in a college or university, as 
I teach at IIT Bombay, things are different. There is a defi ned syllabus, which gets 
updated even as teaching progresses in a semester. What I cover is the operative 
syllabus, what I set is the examination style, and the grade I give is the fi nal grade 
accepted by the Senate of the Institute. In the IIT system, two teachers teaching the 
same subject in different years often teach it completely different from each other, 
even emphasising different topics in their offerings. This is accepted and respected, 
because students still learn the essentials as these are always covered by both the 
teachers. More importantly, students understand that engineering problems are 
 neither ‘simple’ nor ‘standard’. It is such autonomy that permits a teacher to chal-
lenge the students’ minds, to make them think and learn, and to make them better 
prepared to face the real world. 

 A teacher from an affi liated college, on the other hand, is forced to behave like 
an employee, doing only what the ‘system’ stipulates. This teacher has been led to 
believe that the only ‘job’ to be done is to deliver assigned lectures strictly as per 
stipulated syllabus, conveniently broken into very well-defi ned modules, to super-
vise examinations, and to evaluate answer books (of some other students) in a ste-
reotype fashion. The task of imbuing discipline of thoughts, academic rigour, and 
ability to attempt solving hard problems is not his or hers any more. Inculcating 
values about life in the minds of students and mentoring them to become contribut-
ing citizens of the society may remain farthest from the thoughts of such teachers. 
I have interacted with a large number of exceptionally good teachers in such a setup 
of affi liated colleges. They all feel deeply stifl ed and tell me that their attempts to 
discuss real-life problem-solving in the class are often rebuffed by students as being 
‘out of syllabus’. 

 Several educational leaders in the country have observed that the general quality 
and preparedness of teachers in most autonomous institutes, including IITs, and in 
several university departments, together with their research orientation, make it 
 possible for them to exercise such autonomy effectively. It is said that the teachers 
from most affi liated colleges do not always possess such qualifi cations, experience, 
and research orientation, and therefore only a rigidly defi ned system is able to get 
the best contribution from them, in our educational process. While there is some 
truth in these observations, making a local teacher just a cog in the wheel seriously 
undermines his or her ability to positively infl uence the learner’s mind. Besides, is 
not every teacher, even in such rigid setting, desirous of improving oneself, wanting 
to try solving harder problems, and wishing to participate in meaningful research 
work? Has the system ever given them suffi cient time and training in these aspects? 

 I believe that there is a way out to ensure a central role to our teachers, while 
ensuring compliance with global educational standards. This is possible because the 
technology available today permits us to free the teachers from the mundane tasks 
assigned hitherto and to resurrect their central position as a guide and mentor to the 
students under their charge.  

D.B. Phatak
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3     Onslaught of MOOCs 

 It has long been predicted that the next disruptive changes due to the Web will occur 
in education and health care. Research interest in e-learning paradigms is actually 
quite old. Personalised tutoring systems have been under development for decades. 
Open-source educational content of high quality is now available in searchable  digi-
tal formats. A knowledge seeker today has unprecedented access to quality content. 

3.1     Working of Present MOOCs 

 The operations of any MOOC offering resemble the sequence of activities followed 
in a conventional teaching of that subject. A MOOC is announced by some 
 well- known professor of an institute, through one of the companies offering MOOCs. 
The announcement includes the broad course content, prerequisites if any, and the 
course start date and duration. Learners from all over the world register online, with-
out having to satisfy any eligibility criterion. This is what makes the course ‘open’ 
and accessible to any learner. From the start date, the course lectures can be accessed 
on the website. These are video-recorded lectures. Activities such as practice prob-
lems and trial quizzes are embedded in these recorded lectures. Usually, a weekly 
schedule is prescribed. During each week, the participants listen to the lectures, 
solve practice problems, and give trial quizzes. The participants are required to 
appear for online tests every week or fortnight. The test questions are either multi-
ple-choice or short-answer type and are automatically graded. Scores for these 
weekly or fortnightly tests are accumulated and are factored into the fi nal grade. 
There could be additional online examinations, similar to our conventional mid- 
semester and end-semester examinations, again graded automatically and counted 
towards fi nal scores. Some courses require assignments (long answers) to be submit-
ted online. Evaluation of such assignments is often done through a peer evaluation 
process. Automatic grading of such long answers is not yet possible. It is being 
attempted through specially designed machine-learning algorithms, currently under 
research and development. 

 A suitable IT infrastructure is put in place to run MOOCs. This comprises of a 
cluster of servers running a sophisticated server application. This cluster is  connected 
to the Internet with a fairly large bandwidth so as to support millions of online users 
across the world. The software permits creation of all the learning material includ-
ing lecture videos, handouts, and question banks for quiz and test examinations. It 
provides online registration and access control to course components through an 
extensive LMS (learning management system). There are server modules to permit 
participants to upload their assignments and conduct online examinations. A good 
discussion forum is provided for participants to pose questions and diffi culties and 
to receive explanations and clarifi cations from the professor as also from other par-
ticipants. Last but not the least, there are modules to capture and store actual use of 
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the system by participants. Since all interaction is online, the back-end software is 
able to capture the entire activity by each participant. 

 When and how long a participant watched a lecture are known; when did a 
 participant attempt a quiz is recorded; which answers were given against each ques-
tion is also recorded. A MOOC offering is thus able to collect huge data on the 
academic behaviour of the participant throughout the duration of the course. This 
data is almost a gold mine and feeds into extensive research happening in the areas 
of pedagogy. The feedback is used to make subsequent offerings better. 

 The online examinations and quizzes are ordinarily not supervised. Most offer-
ings instead have an ‘honour code’ which participants agree to. Basically, the code 
stipulates that a participant will attempt all examinations on one’s own efforts. 
A certifi cate is issued to all participants who complete the course successfully, 
based on this honour code. Some courses also offer an ‘audit option’, which does 
not require participants to pass examinations. Some of the MOOC offerings are 
adopted by conventional universities, where the course material is from the MOOC 
content, but the university conducts its own examinations. 

 The revenue model in such offerings is very interesting. Initially, all companies 
offered these MOOCs free of charge. Once the credibility is established in the minds 
of participants, there are now attempts to charge for certifi cation. The charges 
 currently vary between $50 and 100 for each course. Since the examinations are not 
supervised, there is a limited value perceived by participants, and the number opting 
for such paid certifi cates is rather low as of now. Some offerings give a ‘validated 
identity’ certifi cate. What is done is that the identity of a person is initially recorded 
based on an appropriate identity proof. In all interaction during the course, the par-
ticipant is required to use a webcam through which it is ensured that the same  person 
is doing all the work. Additional checks, such as a ‘typing profi le’ test, are done for 
such interaction. In any case, the certifi cates so issued seem to have a limited value 
proposition as of date and do not compare with the value that a participant associ-
ates with a regular grade from an established university. Employers and universities 
also do not consider these to be equivalent to a regular course.  

3.2     Limitations of the MOOCs 

 Online courses and makers of e-learning artefacts sometimes seem to imply that an 
individual student can complete all studies in self-learning mode. There is no 
 evidence yet to suggest so. However, the use of technology for providing quality 
education on a truly massive scale is quickly coming of age as seen in the last two 
years. MOOCs are rapidly gaining popularity. Some notable efforts by Coursera, 
edX, and Udacity are well documented. A Wikipedia article [ 1 ] provides a balanced 
view of pros and cons of MOOCs. IIT Bombay has already announced offering of 
MOOCs in select subjects from 2014, in collaboration with edX [ 2 ]. 

 I am personally not convinced that the MOOC offerings in the present form 
alone will succeed in reshaping the existing Indian higher education system. My 
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opinion is based on some prominent concerns. The fi rst is that, in the MOOCs 
offered so far, the completion rate has been very low. A survey published by Katy 
Brown [ 3 ] indicates that in the online courses with registration of over 100,000 
participants, the completion rate has only been between 3 and 13 %. I have tried to 
analyse possible reasons for such huge dropout, from the perspective of an Indian 
student who is already enrolled in a university and is studying in an affi liated 
 college. The second concern is the serious disruption which the present MOOCs 
cause in the human interaction prevalent in the present system. I am particularly 
worried about the complete removal of any role for a teacher in a college, which to 
me is a disastrous consequence of the disintermediation of the entire university 
system, which MOOCs bring about in their present form. Another important con-
cern is the lack of exposure to practical sessions conducted in engineering laborato-
ries for the students, as a part of regular curriculum. I present my arguments on 
these concerns in the next subsections. 

3.2.1     Dilemma Faced by Students Enrolled for a University Degree 

 This analysis is based on the different styles of education in the two systems of 
Indian engineering education – in the general university system (‘A’), covering over 
4,800 engineering colleges in India, as against what takes place in IITs, NITs, and 
similar well-known institutes, and in several university departments (‘B’). 

 Consider a student of ‘A’ studying a certain subject as a part of the university 
curriculum. The student is required to appear for and pass the examinations 
 conducted by the university. The marks and grades obtained therein are counted 
towards the degree which the student eventually earns. These are vitally important 
for the student, since all employers look at these carefully before offering a job or 
before even calling someone for a job interview. Assume that the same subject is 
now available as a MOOC. The student may register for the MOOC offering, hoping 
to learn the subject better, because some renowned professor from a well-known 
institution ‘B’ is offering it. 

 After some initial online interaction with this MOOC, the student may fi nd that 
the level of questions in the tests or assignments is far more diffi cult than the ones 
found in his or her college and university examinations. At the least, these will be 
signifi cantly different from the familiar style of examination papers. As mentioned 
earlier, the standard university papers require long answers which can be  reproduced 
from memory. Such questions are rarely, if at all, asked in question papers of ‘B’. 
The ‘A’ paper will typically announce upfront a choice such as ‘Answer any fi ve 
questions’. There is no such choice in papers from ‘B’. Many teachers in ‘B’ offer 
open-book examination, a practice simply non-existent in ‘A’, but will be used with 
a MOOC. 

 The student must prepare for own university examinations in any case. If the 
learning from the MOOC does not directly enable the student to prepare better for 
the standard university examinations, then the efforts on MOOC may appear to be a 
waste of time, and a guidebook will perhaps be a far better choice for the student!  
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3.2.2     Disintermediation of Human Interaction 

 Consider the difference in the engagement with students in these two models. In the 
conventional system, students interact daily with teacher and with each other on 
numerous occasions. Such group activity is a vital component of education. The 
learning that happens during such group interaction actually goes much beyond just 
the academic learning. The importance of teamwork and leadership is better under-
stood by students through group activities. Lifelong friendships are formed during 
these interactions, resulting in a strong human network which often proves very 
useful in future professional life. Participation in games and sports, cultural  activities 
and debating competitions, and technical festivals contributes to the total education 
which one receives during the college days. Indeed, there is much more to education 
than just the excellence in understanding and mastering the technical subjects; but, 
for the present discussion, let us limit our analysis to just the academic learning. 

 In a classroom environment, one does not learn by listening to lectures alone, but 
has a chance to seek explanation from the teacher or from fellow students. The 
interaction is largely verbal, sometimes even in one’s native language. Such help is 
more comforting and acceptable than the discussion offered by a MOOC, where 
both question and answer need to be typed in a discussion forum and only in English. 
Group assignments and projects, where a team of students work together for several 
weeks to solve a rather complex problem, are considered an important learning 
component and are routinely practised not just in IITs and NITs but also in many 
colleges where some internal evaluation is permitted by the affi liating university. 
Most teachers additionally provide handholding support to weaker students in a 
class, through individual or group discussions. 

 All these academic interactions are facilitated by the teacher teaching that  subject 
in the college. The importance and usefulness of organising and facilitating such 
group interactions is critical to education, independent of how good or bad the 
 ‘lecturing’ is. A conventional MOOC has no place for any of these.  

3.2.3     Practical Laboratory Sessions 

 Every engineering curriculum emphasises inclusion of practical sessions in labora-
tories. Students get to work on actual equipment and instruments, learn to make 
measurements of all concerned operational parameters through observations and 
readings in well-defi ned experimental setups, and understand how things work in 
practice. These hands-on sessions in laboratories form a crucial component of engi-
neering education the world over. This is where students dirty their hands and learn 
all the real-world aspects of engineering. 

 In the current MOOC offerings, such practical sessions are impossible to 
arrange in any online environment. I have seen some online courses where video-
recorded ‘experiments’ are included as part of recorded lectures. There are also 
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many e- learning tools, which try to explain such experiments using animations, 
simulations, and video clips. All these at best complement, but do not substitute 
hands-on experience. Literature on MOOCs is indeed silent on this aspect, almost 
to the extent of having a blind spot in this regard. 

 I believe that practical understanding of real instruments, gadgets, and  equipment 
forms an important component of engineering education. The infrastructure needed 
to learn these things exists only in established colleges and in engineering industry. 
It is also important to remember that practical sessions are group activities, again 
organised and supervised by a teacher in a college. Without these, learnings from 
MOOCs will not provide complete understanding of ‘engineering’.    

4     A Blended Model for Adopting MOOCs in India 

 IIT Bombay, in a unique experiment, proposes to introduce a blended model which 
will address the limitations of MOOCs in their present form. 

4.1     Acceptance by Universities 

 First and foremost, it is necessary to resolve the dilemma faced by a student of an 
affi liated college, mentioned earlier. Should time be spent in learning from a MOOC, 
or is it better to stick to tricks in passing university examinations with good grades? 
We propose that a university should accept the grade obtained by the student in a 
MOOC to be the grade for an equivalent university course. This addresses the prob-
lem of duplicate efforts. In fact, the student will not have a choice, since the univer-
sity will declare the course to be taught as MOOC only. This has been attempted in 
the USA through a notion termed SPOC, but our model has uniform applicability to 
a large number of universities and affi liated colleges which teach courses with a 
near similar syllabus, defi ned on the lines of a model syllabus approved by AICTE 
(All India Council for Technical Education). The fact that teaching system and 
examination patterns are similar across most of our 5,000 engineering colleges affi l-
iated to over 300 universities will help us achieve this scale. Incidentally, the chair-
man of AICTE, Dr. Mantha, announced last year that AICTE may permit up to 
15 % of the credits of a degree to be obtained through MOOCs. Another committee 
appointed by UGC is currently addressing the issues related to MOOC offering in 
Indian higher education system. 

 One major issue in the MOOCs is that the simple ‘honour grade’ given by a 
MOOC will not be acceptable. So the online examination will have to be supervised 
and so certifi ed. This is already being done in some global offerings. In our model, 
we suggest that the teacher in the college be made responsible for such proctored 
online examination.  
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4.2     Human Interaction 

 The second component of our suggested approach is more important. It attempts to 
transform the local teacher into a true mentor and guide to students. In our model, 
regular classroom engagement in the college still continues, but instead of lectures, 
the teacher will hold discussion and problem-solving sessions, as in the ‘fl ipped 
classroom’. A teacher will now be able to spend much more time with the students 
in these discussion sessions, helping weak students through more elaborate expla-
nations and challenging the better performing students with harder problems. In 
fact, teaching will be personalised to a much greater extent. Additionally, we pro-
pose that the local teacher should give individual assignments and offer course proj-
ects to be done by small teams of students. The project activity will typically be in 
the second half of a semester long course, spanning 4 to 6 weeks. Each project will 
be offered, evaluated, and graded by the teacher, and not by the college or university 
administration. The score for each student in the assignments and group project will 
be directly factored into the fi nal grade awarded by the MOOC. The weightage of 
the MOOC online score to the teacher’s score is proposed to be 80:20 or 85:15. This 
makes the local teacher an important stakeholder in the entire process. More impor-
tantly, by restoring the autonomy of the teacher in this fashion, I believe that the 
stature of the local college teacher will be resurrected and will be brought closer to 
the one originally intended for teachers. 

 Some senior leaders of our education system have pointed out that there may be 
resistance from teachers who are used only to their current style of functioning, who 
may genuinely be concerned about their preparedness in assuming this new role. 
They will now have to face questions and diffi culties posed by the students all the 
time. They will have to solve more diffi cult and complex problems. They have to 
innovate in assigning and guiding course projects. They now have to take responsi-
bility of marks they award to each student out of the 15 or 20 % of the total marks. 
Well, with autonomy comes such responsibility! 

 The only way to reduce and remove this reluctance is to train these teachers 
extensively in their new and more important role. For those Indian universities 
which accept our MOOC grades, we propose to train teachers of all affi liated col-
leges in this approach. We know we can, because such training on large scale is 
precisely what we do well, through the T10KT (Train 10 Thousand(K) Teachers at 
a time) programme, being conducted by IIT Bombay [ 4 ] and IIT Kharagpur [ 5 ], 
under NMEICT (National Mission on Education using ICT). In fact, encouraged by 
our project review committee chaired by Prof. Nigavekar, ex-chairman of our 
University Grants Commission, we propose to conduct our T10KT workshops 
themselves through a blended MOOC – a real bootstrapping approach.  

4.3     Practical Sessions 

 Laboratories are used to conduct practical sessions for students and form a critical 
component of engineering education. Such practical sessions constitute a  mandatory 
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part of several courses for an engineering degree. While the present MOOCs cannot 
handle this aspect at all, our blended model will be able to resolve this issue. The 
local teacher-in-charge of the course will also supervise and conduct these sessions. 
Indeed, when designed in conjunction with a common MOOC syllabus, some uni-
formity in quality of practical sessions across the colleges and university can be 
achieved.   

5     Blended MOOCs from IIT Bombay 

 The proposed blended MOOC model is based on the experience gained in experi-
ments done by some of us in running a fl ipped classroom at IIT Bombay. In the 
blended model, students study available digital material on their own, including 
viewing of pre-recorded lectures. They then attend classroom tutorials and discus-
sion sessions and practise solving problems in groups, under the supervision of a 
teacher. This ‘fl ipped’ classroom model has been tried in IIT Bombay and at some 
other sister institutions. It was found initially that the students do not always listen 
to pre-recorded lectures on their own as advised and are often unprepared for class-
room discussions and problem-solving sessions. This was addressed by conducting 
quizzes in every class. My colleague Prof. Kannan Moudgalya has nearly perfected 
this approach. In the picture (Fig.  1 ), he is using the Clicker application on Aakash 
tablets [ 6 ] to conduct a quiz.

   A senior alumnus of the institute, Ruyintan Mehta, attended one such class dur-
ing his visit to IIT Bombay. He was convinced that this approach will defi nitely 
make students more attentive. His reasoning is very simple – students are always 
more alert when giving examination of any kind, when marks are involved! Another 
colleague, Prof. Kameswari Chebrolu, has successfully conducted her course on 
computer networks using the fl ipped classroom. She reports that students want 
video-recorded lectures of shorter length. 

 When IIT Bombay decided in early 2012 to start offering MOOCs, a committee 
deliberated at considerable length for choosing a suitable partner from amongst the 
well-known alternatives and decided upon edX. Our decision to partner with edX 
was infl uenced by several factors. One is that edX is a non-profi t organisation, 

  Fig. 1    Conduct of Clicker- 
based quiz using Aakash 
tablets       
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 initially funded by contributions from MIT and Harvard. There is nothing wrong 
with for-profi t companies, but our comfort level is greater otherwise. Another is 
MIT’s OpenCourseWare history. This is in consonance with our own desire at IIT 
Bombay to open source as much knowledge content as possible. Last but not the 
least is their decision to open source the edX platform itself, for future collaborative 
development. This was critical because we had started planning to offer the blended 
MOOCs to Indian students, and a proven platform which could be modifi ed and 
deployed for Indian usage will signifi cantly reduce development efforts and time. 

 We have decided to offer four of our courses in the next academic year through 
edX. We plan to try at least one course for adoption of this blended model by 
 multiple universities. I have held preliminary discussions with several academic 
leaders of Indian universities and engineering colleges, and the initial response has 
been very encouraging. We will probably offer such a course initially only to a lim-
ited number of students of select colleges and universities, restricting it to say about 
200,000 students with involvement of about 5,000–8,000 teachers. We will expand 
after fi ne-tuning our approach from the experience. In future, it should be possible 
to engage all of 1,125,000 Indian students being admitted to fi rst year of engineer-
ing degree, for example, in some core course offered as a MOOC. It is my dream 
that such scale in quality education is achieved within the next 2 years. 

 There are a large number of additional issues which need careful application of 
mind and foolproof solutions. I will just mention one of the technical issues in 
 information management, which we will face: the LMS (learning management 
 system) will have to permit representation of groups of students hierarchically 
arranged. One must be able to identify a student as belonging to the specifi c adminis-
trative node in this hierarchy and maintain all records of interaction with local teacher, 
scheduled submissions made locally, marks awarded by the local teacher, etc. MIS 
reports will have to be generated appropriately and separately for a batch of students 
and the associated teacher, for students of a department in a college, for the college as 
a single group, and for the entire university. Apart from a GUI for data entry, fi le 
uploads by local teachers will have to be permitted. It is not a diffi cult problem, but 
one which must be addressed by appropriate modifi cation to the platform used. 

 There are other practical problems in implementing such blended solutions across 
India, where a stable and continuous availability of high-capacity Internet bandwidth 
to engineering colleges may be diffi cult to guarantee. We propose to build a distributed 
implementation, with a local server in each college, so that the students can continue 
to work in a LAN environment in case of Internet outage. IIT Bombay proposes to use 
a suitably modifi ed edX platform to initiate our blended MOOC offering.  

6     Conclusion 

 In any mass-scale adoption of technology for education, the teaching-learning process 
must be carefully defi ned and tuned. Issues of examinations, evaluation, and certifi ca-
tion need to be addressed. The value proposition that such technology- enabled 
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education offers must be examined from the point of view of all stakeholders –  students, 
teachers, institutions, and employers. The transition in our education towards greater 
use of technology may take several years. Technology-enabled learning will continue 
to mature and evolve, but one thing is certain: enhancing quality of education on such 
a large scale, as needed in India and in several developing countries, cannot be achieved 
without extensive and appropriate use of technology, adopted with ingenuity and focus. 

 We have analysed the present MOOCs in this context and have proposed a 
blended model for engineering education in India. Our vision is to explore, exam-
ine, and solve pedagogical and technical issues and establish the best possible model 
of blended learning, for Indian education system. We sincerely hope that a success-
ful implementation of this model will lead to its adoption in other spheres of higher 
education, with possible eventual use in our school education as well.     
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    Abstract     ABET is a not-for-profi t, nongovernmental accreditor of degree granting 
programs in applied science, computing, engineering, and engineering technology. 
ABET uses a peer review process to evaluate academic programs at the associate, 
bachelor, and master’s levels. This paper discusses the evolution of the ABET 
accreditation system from an input-based system which focused on what was being 
taught,  to an outcomes-based system which focuses on what is being learned.   
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assurance  

     ABET    is a not-for-profi t, nongovernmental accreditor of degree granting programs 
in applied science, computing, engineering, and engineering technology. ABET 
uses a peer review process to evaluate academic programs at the associate, bachelor, 
and master’s levels. 

 ABET is a federation of 33 professional and technical societies that represent 
their specifi c professions. These member societies play several key roles within 
ABET, including participation on the Board of Directors, developing program crite-
ria, recruiting program evaluators, and approving policies. 

 ABET accreditation is an 18–20 month process that consists of the preparation of a 
self-study by the program being evaluated, an on-site visit by the ABET Review Team, 
due process response, decision-making meeting, and offi cial notifi cation of accredita-
tion action to institution/program. Programs new to ABET accreditation may be 
required to undergo a Readiness Review prior to offi cially applying for accreditation. 

 Accreditation provides value to numerous constituents, including students, 
industry, institutions, and the general public. Accreditation plays a key role in 
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 society as public safety for engineering, and other regulated professions is of critical 
importance. 

 The accreditation status of a program is often used by students in selecting qual-
ity programs, as it is an indication that the programs will adequately prepare them 
to enter the profession and enhances their licensure/employment opportunities. 

 Similarly, employers also use accreditation as a guide during the hiring process, 
as it ensures that the graduates of accredited programs have attained the necessary 
knowledge and skills required to begin practicing their profession. In addition, it 
enhances mobility of the global workforce, especially with the increase of mul-
tinational corporations. Accreditation also provides industry an opportunity to 
guide the educational process by participating on the Industry Advisory groups 
of the programs. 

 Institutions with ABET-accredited programs demonstrate a commitment to 
quality education which helps attract strong students and faculty. ABET-accredited 
programs enjoy global recognition, therefore facilitating the mobility of graduates 
and students. 

 Since its inception, ABET used input-based accreditation criteria which dictated 
the major elements of the program, including program curricula, faculty, and facilities. 
However, in the 1990s, working closely with industry, ABET began developing a 
new set of outcomes-based criteria, called Engineering Criteria 2000 (EC2000). 
Unlike the input-based criteria, which focused on what was being taught, EC2000 
places the emphasis on what the students learn. 

 As a result of ABET’s collaboration with industry to identify the necessary skills 
required for the profession, a set of student learning outcomes, a key component of 
the criteria, were created. The student outcomes specify the knowledge and skills 
that graduates of ABET-accredited programs should possess as a result of their 
matriculation through the program. Programs must demonstrate that graduates have 
attained these student outcomes. 

 Assessment is a key component of the outcomes-based accreditation system. 
Assessment is the systematic collection, review, and use of information for the pur-
pose of improving student learning and development. Programs must be assessed to 
measure if and how well student outcomes are being attained. The information 
gathered during the assessment process must be used to improve the quality of the 
program as part of the Continuous Quality Improvement (CQI) process. 

 CQI is the ongoing process to improve the quality of students’ educational experi-
ence. It is a systematic, documented and repeatable process which assesses the perfor-
mance of the program against the relevant criteria. Accreditation is part of the CQI 
process as it verifi es that programs meet certain level of quality. In order to obtain 
ABET accreditation, a program must have an established and effective CQI process. 

 EC2000 was implemented over three accreditation cycles, including a pilot 
cycle. Implementing EC2000 required changes to the program evaluator and team 
chair training structure and content. Previously, each individual ABET member 
society, responsible for recruiting the program evaluators, was also responsible for 
training them. With the shift to EC2000, ABET’s constituents expressed the need 
for a centralized training. As a result, the Partnership to Advance Volunteer 
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Excellence (PAVE) was introduced. PAVE training consists of a combination of 
web-based training and face-to-face training. 

 Initially, EC2000 was met with signifi cant resistance from faculty, as it presented 
a fundamental change to the traditional process. The input-based system was 
perceived to be more direct and did not require a strong CQI process. However, after 
experienced the effect of the outcomes-based system on the quality of the programs 
was recognized by both faculty and ABET evaluators. 

 To determine and measure the impact of EC2000, in 2002 ABET commissioned 
the Center for the Study of Higher Education at Pennsylvania State University to 
conduct a study as a means of verifi cation of the outcomes-based accreditation 
model. The main focus of the study was twofold. First, it aimed to determine the 
impact, if any, EC2000 had on student learning outcomes in ABET-accredited pro-
grams and institutions. The second focus was on determining what impact, if any, it 
had on organizational and educational policies and practices that may have led to 
improved student learning outcomes. 

 The three-and-a-half-year study concluded that the 2004 graduates were better 
prepared to enter the profession than their 1994 counterparts. The study also 
found that the program curricula also placed more emphasis on professional skills 
and that there is higher level of faculty support for continuous improvement. 
However, there was no clear indication that EC2000 actively encourages innova-
tion in program delivery or content. As a result of the success of EC2000, many 
specialized and institutional accreditors have adopted outcomes-based accredita-
tion globally. 

 ABET has been engaged globally for over 30 years. In 2007, ABET began 
accrediting programs outside the USA and has since accredited 365 programs. 
ABET is also engaged globally through its memoranda of understanding (MOU) 
and mutual recognition agreements (MRA). 

 ABET signs MOUs with other accreditors of technical education in many parts 
of the world. The purpose of these MOUs is to provide a platform for collaboration 
and exchange of information on matters relating to quality assurance and technical 
education. In addition, the MOUs also serve as a mechanism to assist accrediting 
bodies to develop their systems. 

 In addition to accreditation of programs and MOUs, ABET is also engaged in 
fi ve mutual recognition agreements (MRAs). MRAs are agreements among mature 
accreditation bodies from around the world. MRAs recognize the substantial equiv-
alence of accreditation systems and, therefore, also recognize the programs accred-
ited by those bodies. The purpose of MRAs is to establish recognition of the 
educational base technical professionals receive in different countries. This is espe-
cially important with ABET’s existing MRAs covering the engineering, engineering 
technology (2-year and 4-year programs), and computing disciplines. 

 Another aspect of ABET’s international engagement consists of its membership 
in the International Federation of Engineering Education Societies (IFEES) and the 
Global Engineering Deans Council (GEDC). Membership in these organizations 
provides ABET with a platform to engage in discussions regarding technical educa-
tion to better understand the needs of technical programs around the world. 
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 ABET understands that undergoing an accreditation review requires extensive 
time and preparation. ABET offers various resources such as assessment workshops 
and webinars on a range of relevant topics. In addition, each year, the ABET 
Symposium is a great resource for programs interested in ABET accreditation. The 
Symposium offers tracks on program assessment, accreditation preparation, innova-
tion in technical education, and program evaluator development. 

 While great strides have been made in accreditation, many challenges still lay 
ahead. As education continues to change due to, among other things, globalization 
and advances in technology, accreditation must also adapt. ABET and its constitu-
ents continue to work together to address some key challenges, which include the 
increase of distance/online education, nontraditional students, and globalization of 
the workforce.   
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    Abstract     The present status and the challenges and opportunities ahead for 
engineering education, both at the national level and at the global level, are explored 
in this paper. There are many distinctive and unique characteristics of the new 
millennium which place new demands on the engineers we produce. We are living 
and working in a world that is characterized by volatility, uncertainty, complexity, and 
ambiguity, requiring innovative strategies for educating our engineers. The emerging 
accreditation systems and processes and the Washington Accord Graduate Attributes 
provide guidelines for producing global engineers ensuring global mobility. Nationally, 
we have several policy pronouncements over the years, which serve as drivers of 
change. The recent global university rankings have attracted worldwide attention of 
the academic leaders and other stakeholders and are serving to determine university 
policies and practices. We have to create research-intensive institutions in our country 
if we have to fi gure among the top of these lists. Some of the issues of concern are 
discussed. Professional ethics and human values are important for engineers in the 
practice of the profession and need to be inculcated through both curricular and 
extracurricular means. As for the agenda ahead, the destination is reasonably clear, 
and there are several national policies and reports which serve as the road map, but 
several hurdles and challenges have to be overcome    in order for us to bridge the gap 
between the potential we possess and its actual attainment.  
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1         Introduction 

 As we navigate through the twenty-fi rst century, we are confronted with a world 
characterized as a “VUCA” environment. Coined in the late 1990s, the military- 
derived acronym stands for the volatility, uncertainty, complexity, and ambiguity. It 
is also credited to Bob Johansen of the Institute for the Future (  www.iftf.org    ). In this 
world, achieving success in any human endeavor requires the positive fl ip side of 
VUCA: vision, understanding, clarity, and agility (Cisco WebEx – CLO Webinar). 
Central to this world is the challenge of change – not only in magnitude but also in 
its velocity and acceleration. 

 Apart from change, there are several distinctive characteristics of the new 
millennium: population explosion in developing countries; demographic disparities; 
depletion of natural resources (energy, materials); environmental degradation 
(air, water, soil); demand for mass education; signifi cant impact of technology on 
society, commerce, lifestyle, education, and entertainment; widening of disparities 
in society (digital divide, literacy divide, education divide, prosperity divide, tech-
nology divide, haves and have-nots); social tensions; and globalization. 

 We are living and working in a changing world – we are witness to worldwide 
changes in technology; in education and training; in work, professions, and careers; and 
in management and organization of institutions. There have been signifi cant changes in 
the practice of engineering as a profession, driven by environmental considerations, 
customization, availability of sophisticated diagnostic and computational tools, a wide 
choice of materials, and innovation as the basis of global competitiveness. 

 On change, Angela Merkel recently said: “The Question is not whether we are able 
to change, but whether we are changing fast enough.” On resistance to change, Maurice 
Maeterlinck, the Belgian Nobel Laureate in literature, observed: “At every crossway on 
the road that leads to the future, each progressive spirit is opposed by a thousand men 
appointed to guard the past.” Educators, like the rest of us, tend to resist major change. 
But change we must! In this age when speed is of the essence, there is no time to waste! 

 Engineering education has been recognized universally as the vehicle for national 
development and global competitiveness. It needs a major rethink in the “fl attening” 
world: On the challenge for engineering education, former US Secretary of 
Education Richard Riley has said: “We are currently preparing students for jobs that 
don’t yet exist, using technologies that haven’t yet been invented, in order to solve 
problems we don’t even know are problems yet.”  

2     Some Contemporary Issues in Technical Education 

2.1     Liberalization of Technical Education 

 This is a favorite complaint of the private sector. The implications are as follows: 
freedom to charge fees, freedom to select and admit students, freedom to appoint 
faculty and staff, freedom to collaborate with foreign institutions, freedom to expand 
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capacity, freedom to diversify program offerings, and freedom to operate multiple 
shifts. Some of these are indeed reasonable, but some are not!  

2.2     Autonomy 

    It relates to decision-making on whom to teach (students), what to teach (curriculum), 
who will teach (faculty), and how to assess (exams). Autonomy has multiple 
dimensions: academic and administrative – managerial, fi nancial, and functional. 

    Some of the contemporary issues in engineering education are as follows: the 
disconnect between those who teach and those who learn, those who recruit and 
those who seek jobs, and those who frame policies and those who function within 
the system; theory and practice of assessment of learning; and performance on the 
job. How do we bridge these disconnects? 

 Salman Khan (of Khan Academy fame), in his recent book  One World Schoolhouse , 
has revisited some fundamental assumptions of student learning: “How do people 
actually learn?” “Why do grown-ups sense such a disconnect between what they 
studied in school and what they do in the real world?” “Lessons should be paced to 
the individual student’s needs, not to some arbitrary calendar; what we now have is 
 One-pace-fi ts-all  curricula and education.” 

 The current buzzwords in Indian education are the following: access, affordability, 
collaboration, diversity, employability, equity, excellence, expansion, global engi-
neer, inclusion, innovation, outcomes-based education, and quality.   

3     National Policy Guidelines for Bringing About 
Changes in Higher Education: Indicative List 

    There have been several policy guidelines over the years:

•    Periodic National Policies on Education – 1986–1990  
•   Science Policy Resolution (1958), Technology Policy Statement (1983), Science and 

Technology Policy (2003), and the recent Science, Technology and Innovation Policy  
•   NKC (National Knowledge Commission) Recommendations  
•   Yash Pal Committee Recommendations  
•   Twelfth Plan Document  
•   Periodic Recommendations of Review Committees of IITs and NITs  
•   The RUSA (Rashtriya Uchchatar Shiksha Abhiyan – National Higher Education 

Mission, January 2013)  
•   The Pending Bills in the Parliament    

 There are lessons to be learned:

•    Implementation is as important as planning.  
•   We must learn from the success or failure of past actions.     
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4     Drivers of Change in Higher Education 

    Quality can be driven by regulations and accreditation; AICTE regulations demand 
fulfi llment of prerequisites, such as faculty (both numbers and qualifi cations), 
infrastructure, etc.; accreditation can be a driving force for change as far as quality 
is concerned; the mandatory peer review mechanism enables an outside-in view of 
the institution.    The Washington Accord and ABET, which prescribed outcomes-
based teaching, learning, and assessment paradigm, are driving several changes in 
our technical institutions. Of course, there are other change agents, as well, for 
example, the founding mandate, national and state policies, perspective plans, and 
leadership.  

5     A Summary of the Features of Indian 
Engineering Education 

 Our technical education system is characterized by several unique features: huge 
size, many asymmetries and divides, diversity (of many types), variable quality, 
frequent changes of policy, many international collaborations, many strengths 
and weaknesses, many opportunities and challenges, and lessons learned and not 
learned.  

6     Some Mismatches in Our Technical Education System 

•      Employer’s Requirements and University Offerings 

•    The design of university curricula is principally undertaken by university 
faculty; though the academic bodies contain industry members, they seldom 
commit time.  

•   The affi liated system precludes quick response to rapidly changing and 
emerging requirements.  

•   Inadequate industry-institute interaction and communication preclude an 
understanding of each other’s roles and requirements.     

•    Education Received and Employment Sought 

•    Students’ choice of engineering is based not on aptitude and a desire to pursue 
an engineering career, but on other considerations.  

•   The general demand is for IT-related branches; the traditional branches 
represent only a fallback option.  

•   Whatever the branch of specialization, the goal is an IT-related job; the IT 
employers also encourage this trend.     
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•    Manpower Creation and Employment Generation 

•    Neither reliable estimates nor mechanisms exist for manpower planning – 
unplanned quantitative expansion is justifi ed as fulfi lling aspirations of young 
persons to pursue engineering degrees (not necessarily careers!).  

•   Many graduates are unemployed for extended periods of time, and many 
others are underemployed.  

•   While self-employment and entrepreneurship are laudable goals, the ambience 
is unsuitable for promoting them.        

7     The Symbiotic and Synergistic Partnership 
Between University and Corporate Sectors 

 Two words highlight the interaction between university and industry – symbiosis 
and synergy. Not only do the two partners depend on each other and derive mutual 
benefi t from the partnership, but also the overall impact can be much greater when 
the two partners function in phase and in resonance. It is necessary to create a win- 
win situation for both partners. 

 Two of the principal stakeholders in the engineering education system, viz., the 
students and employers, are increasingly demanding relevance and pragmatism. 
The university, representing the intermediate system, has an important role to play 
in this venture, and the faculty must develop an appreciation for engineering prac-
tice. The universities should earn revenue through their services; otherwise they will 
always be tied to the apron strings of government. 

 Industry cannot get instant knowledge any more than university can get instant 
experience. We need bridges between engineering in university and technology in 
industry through researchers and educators with commitment. We need policy initia-
tives by both industry and university to create interfaces to facilitate the interaction.  

8     Industrial Training 

 There are essentially two facets of industrial training: what is given to engineering 
students during their degree program before they are employed and what is given to 
working professionals while they are employed. The objectives, means, and strategies 
are as different as those between initial formal education and continuing education.  

9     The Emerging Signifi cance of Global Rankings 

 In the recent past, three global university rankings, viz., Shanghai Academic 
Ranking of World Universities (ARWU), Times Higher Education (THE), and 
Quacquarelli Symonds (QS), have emerged and are exerting a serious impact on the 
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policies and practices of universities worldwide. In her 2011 book  Rankings and the 
Reshaping of Higher Education: the Battle for World-Class Excellence , Ellen 
Hazelkorn [ 2 ] has pointed out that “Rankings demonstrate the new environment of 
higher education, and act as a driver of change.” “The extent to which these changes are 
productive or useless is still controversial, but HEIs are worried about their impact 
on the reputation of their institution, individuals, and the country as a whole.” 

 In as much as rankings provide a comparative assessment and evaluation of 
universities worldwide (in the case of global rankings) and nationally (in the case of 
national rankings), they provide an opportunity for benchmarking. The essence of 
benchmarking, according to the International Benchmarking Clearinghouse is: “the 
practice of being humble enough to admit that someone else is better at something, 
and being wise enough to try to learn how to match, and even surpass them at it.” 

 It is important to keep in mind the limitations of these rankings. Malcolm 
Gladwell [ 1 ], in his article in  the New Yorker , has explored the question of “what 
college rankings really tell us.” Different colleges have different perceptions of their 
educational function, raison d’étre: For Yale, it is “to assemble the most gifted 
group of freshmen it can – Selectivity; Penn State sees its educational function as 
serving a wide range of students –Diversity.” “There is no  right  answer to how much 
weight a ranking system should give to these two competing values. It’s a matter of 
which educational model you value more.”  

10     Creating Research-Led Universities in India 

 Mashelkar, in his recent Book  Reinventing India  [ 3 ], draws attention to widely 
accepted examples of globally recognized WCUs: Harvard, MIT, Oxford, 
Cambridge, Stanford, Caltech, Princeton, etc. He asks: “Do we have any in India? 
“The answer is no. “Can we create them?” he asks next. Yes is the answer. He 
asserts that it is crucial to create “a great intellectual environment.” 

 He has identifi ed fi ve key factors prevalent in WCUs:

      1.    Absolutely uncompromising pursuit of excellence in both teaching and 
research   

   2.    Continuous thrust on not only “working” at the frontiers of research but “creating” 
new frontiers or doing S&T that will “lead” and not “follow”   

   3.    An uncompromising attitude towards selection of both faculty and students – 
going for the very best and that too on a globally competitive basis. Rigor to be 
employed strictly in the promotion and retention of the most talented and 
accomplished faculty   

   4.    Undying commitment to the true institutional autonomy without any political 
interference whatsoever   

   5.    Full understanding of the route to “Lakshmi” through “Saraswathi,” not only 
understanding the wealth creation potential of knowledge but also creating an 
“ecosystem” in which this can happen most effectively     
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10.1       What Do We Need to Do to Create World-Class 
Research- Led Universities in India? 

 Mashelkar has given the following recipe for creating WCUs in India:

    1.    “Political will and ambition and massive funding; China is a shining example.   
   2.    An understanding that in future, the private sector will have to play a critical role 

in higher education. Entry of foreign universities of great prestige (not all and 
sundry) has also to be viewed with an open mind.   

   3.    We need to put explicit demand on S&T. This demand has to be created by both 
industry and society. The ‘i’ in industry must stand for ‘innovation’ and not for 
‘imitation’ or ‘inhibition.’”     

 We need to recognize that there is nothing like “intellectual democracy.” He quotes 
Lotka’s law: “1 % of population usually carries 90 % of intellectual energy.” We must 
benefi t by throwing open the doors of our academic institutions to foreigners. 

 In the special social circumstances that we have, we must recognize the impor-
tance of an astute balance of “expansion, inclusion, and excellence.” Balancing 
“expansion, inclusion, and excellence” in the Indian context requires great will, 
skill, and innovation, he says.   

11     Issues in Research Promotion in our Technical 
Institutions [ 4 – 6 ] 

•      How do you promote R&D in a nonresidential institution ? 
   The faculty and students (may) have to travel long distances, both ways, and 

have little time or energy to devote to R&D, particularly experimental work in 
labs. The only recourse may be to pursue computational or theoretical R&D, 
with much work done at home, after offi ce hours, and on weekends. This requires 
commitment and dedication.  

•    How do you promote R&D in a UG institution ? 
   The faculty and students have no exposure to R&D.  
•    How do you promote R&D in a nonmetro institution?  
   Typically, there are no industries or R&D labs in the vicinity, and opportunities 

for interaction with such organizations are nonexistent.  
•    How do you promote R&D in an institution with very few faculty members hav-

ing PhD?  
   There is no possibility of peer-to-peer interaction in R&D matters.  
•    How do you promote R&D in an institution with heavy teaching loads – because 

of faculty shortages, excessive admissions, and temporary faculty working on 
contract basis?  

   R&D requires concentration, and suffi cient time must be available for pursuing 
R&D.     
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12     Some Issues of National Concern [ 7 ,  8 ] 

 Here is a list of some current issues of national concern:

     I. National Issues 

•   Regional imbalance in quantitative expansion  
•   Small proportion of institutions of quality; there are no Indian institutions 

in the top 100 world-class university rankings.  
•   Even within states, institutions are concentrated in the vicinity of metros/cities; 

there is not much demand in rural institutions.  
•   Manpower assessment and planning are largely absent, at both the national 

and state levels   

     II. Institution Related 

•   Self-fi nancing institutions depend solely on student fees, and hence fees are 
high.  

•   Most of the institutions are only engaged in teaching; there is not much 
research, consultancy, and industry interaction.  

•   While institutions of excellence resist quantitative expansion, the majority 
of institutions clamor for more branches, more seats.  

•   There is a tremendous scarcity of academic leadership, at both the institu-
tional and departmental level. Academic administrations largely learn on 
the job – and learning involves making mistakes.  

•   Commercialization (for-profi t institutions).   

  III. Industry Related 

•   Industry does not value PG qualifi cation.  
•   Employment generation is not commensurate with outturn of graduates.   

  IV.   Faculty and student related 

•   Lack of adequate and well-qualifi ed faculty.  
•   A large proportion of faculties do not possess PhD/MTech qualifi cation.  
•   We don’t produce enough PhDs/MTechs annually.  
•   PhD/MTech intake capacity is small (while there has been a rush for quan-

titative expansion at the UG level, there is no corresponding enthusiasm for 
such expansion at the PG level, for obvious reasons).  

•   Graduates are not attracted to the teaching profession, and hence, there is 
not much demand for PG qualifi cation.  

•   The QIP capacity is not signifi cant.  
•   In the prevalent affi liating system, the role of the teacher is relegated to a minor 

one; curricula remain un-updated for long periods; while international and 
global practices employ innovative ET and IT tools to improve teaching effec-
tiveness, we are still laboring with outdated teaching techniques and systems.  

•   Student projects are largely inappropriate, ineffective, and unimaginative.     
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13     Globalization and Global Engineers 

 As far as globalization is concerned, there are differences in perceptions of developed 
and developing countries: In the matter of economy, globalization means favorable 
trading opportunities and expanded markets for developed countries, while for 
developing countries, it means deregulation, enhanced privatization, and currency 
integration. In the matter of education, for developed countries, globalization means 
enhanced markets for educational products, processes, and services, while for 
developing countries, it means study opportunities for those who can afford it and 
competition to local institutions. In the matter of employment, for developed coun-
tries, globalization leads to erosion of jobs and entails competition from low-wage 
workforce from developing countries, while for developing countries, it enables 
offshore jobs and provides opportunities for short-term employment abroad. 

 The ASEE CMC (Corporate Member Council) Special Interest Group for 
International Engineering Education has identifi ed over the past two years the attri-
butes of a global engineer: “What skills and experiences will today’s engineering 
students need to develop, while in school and throughout their careers, to successfully 
compete in today’s and tomorrow’s global workplace?” 

 The study has identifi ed eight attributes: engineering science fundamentals; 
engineering; context in which engineering is practiced; communication; teamwork 
and leadership; fl exibility; curiosity and desire to learn, for life (show initiative, 
inquire, and learn); and ethical standards and professionalism.  

14     Instruction in Professional Ethics and Human Values 

 More and more engineering educators and professionals are realizing that just as 
students require technological knowledge and skills before going out into the world 
of work, they also need instruction in professional ethics and human values. Because 
engineering, just as law and medicine, has a signifi cant interface with, and impact 
on society, engineers have ethical obligations to the public at large. Engineers also 
have ethical obligations to their employers, clients, and the profession. Ethical 
issues and problems arise in situations involving confl icts of interest, responsibility 
for public health and safety, trade secrets and proprietary information, gifts from 
contractors and others, honesty in research and testing, etc. 

 Learning about ethical issues in a classroom environment has the advantage that 
students have the opportunity “to hear different perspectives, allowing them as a 
group to generate solutions that might never have occurred to them individually. 
It also gives the students a sense of ethical unity, and confi dence that they need to 
stand up for principles in the work world.” 

 While there is no quick-and-easy formula for solving ethical problems, there are 
some tools to help in the process. The 1990 Conference on Ethics in Engineering 
Education has devised a seven-step procedure for moral decision-making. 
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The steps include: recognition and defi nition of the ethical problem, investigation 
of the facts, formulation and evaluation of alternatives, gathering support, and 
negotiating with others. It is cautioned that because handling ethical problems is 
never a cut-and-dry process, these steps should be viewed more as a checklist than 
as an algorithm. 

 Despite increased interest in engineering ethics, many engineering professors 
feel that there is no room for the topic in their already-packed syllabi. Currently, 
engineering schools have found two basic ways to accommodate ethics instruction 
in their curricula:

    1.    By introducing freestanding courses in ethics   
   2.    By integrating ethics across the curriculum      

15     The Gap Between Extant Potential and Performance 

 Particularly with reference to India, we often bemoan the conversion of the 
extant potential to performance – in several sectors: education, economy, and 
GNP. In this context, the following observation of Mahatma Gandhi is very 
signifi cant:

  The difference between what we do and what we are capable of doing would suffi ce to solve 
most of the world’s problems. 

16        The Road Ahead 

 The destination is clear – we aspire to be globally competitive and have academically 
reputed systems and processes. As for the road map, there are several national 
policies and opportunities for benchmarking with world-class universities. But the 
road is strewn with many impediments and obstacles – lack of commitment, delays, 
policy paralysis, complacency, and many other usual suspects. In this age of rapid 
change, speed is of essence; we must start acting now!  

17     Concluding Remarks 

 This paper has dealt with a wide range of international and national perspectives on 
technical education. The issues discussed have both long-term and short-term 
implications. The imperatives of globalization and internationalization demand 
prompt and purposeful responses and proactive initiatives if we want to achieve 
competitiveness, productivity, and national prosperity.     
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    Abstract        The twenty-fi rst century poses several grand challenges: clean water, 
clean air, climate change, energy, biodiversity, and sustainability. We need to  invent    , 
 innovate , and  entrepreneurially  implement solutions to solve the mega problems. 
The solutions to these problems will not be solved by a select few. Billions all over 
the world will have to contextualize the solutions to their problems and implement 
them. As we democratize innovation and entrepreneurship, the twenty-fi rst-century 
Engineering Colleges will play a central role in inventing, innovating, and educating  
 entrepreneurially  students who can solve problems. We need Engineering Colleges 
all over the world to be involved in the process.  
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 After a short tenure in teaching at universities, Desh has pursued an entrepre-
neurial career since 1980. Thirteen years ago, when he joined the MIT as a Board 
Member in Cambridge, Massachusetts, he got reconnected back to the academic 
world. Together with other like-minded individuals at MIT, he has been experiment-
ing with ways in which to make the innovation at MIT have a bigger economic and 
societal impact. After the initial success of the approach at MIT, my wife and I 
started a similar effort in India targeted at fostering innovation in Indian universities 
to make a difference in social entrepreneurship. The effort in India is now eight 
years old. This paper summarizes the results of these two efforts to encourage dis-
cussion on how such approaches can be used to further the Engineering Education 
in the twenty-fi rst century. 

1     The Effort at MIT 

 MIT with its culture of “mens et manus” (mind and hand) already excels in mak-
ing the technological innovation useful to the world. However, there is an oppor-
tunity to make it better. The “Deshpande Center for Technological Innovation” 
was set up at MIT in 2002 with funding of $20 million. The Kauffman Foundation 
did an extensive study of this center and the von Liebig Center at the University 
of California, San Diego. They found the models to be successful in promoting 
academic innovation to directly address real-world problems. Lesa Mitchell, 
Vice President of Advancing Innovation at Kauffman Foundation, is facilitating 
similar centers at other universities. The following are some of the lessons from 
this effort. 

1.1     Insight 

 Researchers who work on applied research always think about how their ideas can 
impact the world, both economically and socially. There is no lack of desire on the 
part of the researcher to see the impact. The idea has to be directed towards solving 
a burning problem in the world to have an impact. You cannot mandate innovation. 
However, bringing the knowledge of what the world needs to the innovator will help 
the innovator make choices that increase the probability of impact. 

 Research at universities now is where the engineering practice was in industry 
a few decades ago; an engineer designed the product and the salesman then went 
looking to sell the product. Today in industry, an engineer only starts designing 
the product after fully understanding what the customer needs. However, in the 
current practice of research, the researcher innovates and patents the idea, and 
then the technology licensing offi ces try to fi nd applications for the patents. The 
center at MIT has found that bringing the practitioners and the researchers 
together early on changes the culture of innovation. There is a lot of give and take 
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between what is possible and what is worth solving to come up with an innova-
tion that can have impact. Injecting relevance early in the process of innovation 
increases the probability of that innovation having a bigger impact on the world. 
The faculty members fully embrace this idea. In fact, MIT has created a new 
course called I-Team which brings engineering and MBA students together to 
explore how to target ideas at appropriate markets. This has been a very popular 
course. 

 Researchers, in the campus environment, are idea generators. When a new idea 
comes along, the researcher is not only excited by the elegance and novelty of the 
idea but is also excited about where it can be useful. A few months down the road, 
the researcher will have ten more ideas that have sprung up from the original idea. 
Left to himself or herself, a researcher will choose to pursue one of those ideas that 
make sense to his or her own environment. However, if the researcher is connected 
with practitioners, he would have the benefi t of relevance to pick an idea that has a 
better chance of creating a bigger impact.  

1.2     Process 

 The center achieves its mission through several approaches: grant program, catalyst 
program, innovation teams (I-Teams), and events. Faculty members apply for grants 
to the center twice a year. The funding from the center enables the faculty and their 
students to pursue exciting new avenues of research on novel technologies that 
could have a signifi cant impact. These grants are selected by a panel of faculty and 
business leaders and are selected based on potential for impact, technical merit, 
team considerations, and time frame. Ignition Grants of $50,000 are awarded to 
fund proof-of-concept explorations, and Innovation Program Grants are awarded in 
the range of $50,000–250,000 to build on existing innovations at MIT and bring 
them closer to commercial viability. The objective of the funding is to nurture ideas 
with market potential and reduce the uncertainty around them so that an external 
party would invest in the technology. This could occur through various means, such 
as a VC-funded start-up or licensing by a company. In addition to the funding, the 
grants bring with them publicity, mentoring, and connections with the business 
community. Volunteers from the business community are central to achieving the 
center’s mission of helping MIT innovators achieve market impact. Catalysts are a 
highly vetted group of individuals with experience relevant to innovation, technol-
ogy commercialization, and entrepreneurship. Catalysts provide individual contri-
bution to the center and do not represent any company interests in their role as 
catalysts. Catalysts are chosen based on the following qualifi cations:

•    Experience in commercializing early stage technologies and/or mentoring 
researchers and entrepreneurs and industry expertise.  

•   Willingness to proactively provide assistance to MIT research teams.  
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•   Willingness to abide by the time commitment, confi dentiality, and confl ict of 
interest guidelines.  

•   Commitment to the interests of MIT researchers and the center. The I-Teams 
(innovation teams) program provides an action-based learning experience for 
graduate students where students evaluate the market potential for research proj-
ects being conducted at MIT and develop “go-to-market” strategies.    

 The center hosts a variety of events to bring together minds from the MIT and 
business communities. The IdeaStream Symposium, held each spring, is our  largest 
event. The symposium is intended to showcase new MIT technology, educate the 
business community about leading-edge new technologies, and facilitate connec-
tions between VCs, entrepreneurs, industry, and MIT innovators. These symposia 
are by invitation only. The center also collaborates with other programs on and off 
campus to promote a variety of events to enhance innovation within the 
community.   

2     Results 

 So far the center has reviewed close to 500 proposals submitted by the faculty. The 
center has supported about 100 projects with about $10 million in grants. The grants 
have resulted in 30 startups that have raised over $450 million in capital. Over 60 
faculty and 500 students have participated in the program, and a new course has 
been designed to capture the process of taking the innovation to the market. The 
process can be summarized by three actions: select, connect, and direct. Active 
participation of the business community in all three activities is essential for suc-
cess: selecting appropriate research to fund, connecting the innovator to the market-
place, and directing them when they need help.  

3     The Effort in India 

 India is a vast country and several educational institutions have come up over the 
last 60 years. There are institutions like the Indian Institutes of Technology, All 
India Medical School, national law schools, Indian Institutes of Management, and 
Indian Institutes of Public Health which have international recognition. They get 
their strength from being able to select a few thousand from millions and holding 
smart students together in a campus environment. 

 The faculty members at these institutions are dedicated, but lack the research 
infrastructure. This is improving, but has a long way to go. India has to deal with 
two issues: millions of people and low affordability. If innovation is to have an 
impact, Indian universities have to bring new solutions at very affordable prices to 
millions. Indian scientists have shown promise; the Indian space program has shown 
results with modest investments. 
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 Indian industry understands the opportunity; for example, Telecom companies 
add 10 million cell phones a month that can be recharged incrementally 2 cents at a 
time and Tata Motors sells a $2,000 Nano car. India graduates approximately 
400,000 engineering undergraduates from approximately 3,000 colleges. We picked 
BVB Engineering College, a college in a small town called Hubli, to see how we 
can bring innovation to this institution. The college has 4,000 engineering students. 
The students are bright and the teachers are dedicated. However, the students are 
taught to study and do well in exams. Students spend their time preparing them-
selves to provide canned answers to questions posed at the exams at the end of the 
academic year. There is a total lack of innovation in that education system. Students 
walk around with hundreds of problems all around them, but they do not know that 
they have the ability to solve them. 

 In order to connect the students and the faculty to the problems in the surrounding 
area, we built a center for social entrepreneurship in the campus. For the last eight 
years, we have been funding approximately 70 programs by NGOs (nongovernmen-
tal organizations) in the areas of education, agriculture, livelihood, and health. The 
enthusiastic participation by the students to get involved in these  programs has been 
overwhelming. The participation started from the engineering campus and now has 
spread to all the surrounding colleges. Last year 10,000  students conducted 2,500 
projects. The enthusiasm of the students has now spread to the young faculty. They 
are bringing technological as well as other innovations to projects. 

 Problems exist in this world because people do not see a solution. Therefore, you 
need innovation to solve even the simple problems. The innovation always comes 
from a fresh perspective. The Social Entrepreneurship Center provides that fresh 
perspective to the students and young faculty by bringing their bright minds and the 
problems together. The results of this effort have been excellent. For example, a 
kitchen was built in the city that serves midday meals to 185,000 school children 
every day. The kitchen uses good management tools and technology to maintain 
very high-quality standards and has managed to serve nutritious meals that the kids 
love for 12 cents a meal. After the program was optimized in this city, it is now 
duplicated in other parts of India. This program currently serves 1 million meals to 
school children every day. By using a similar model as the center at MIT, diffi cult 
social problems are being solved in India by connecting the academic innovation of 
universities to the needs of the real world.  

4     Conclusions 

 The twenty-fi rst century poses several grand challenges: clean water, clean air, 
 climate change, energy, biodiversity, and sustainability. The universities can play a 
central role in coming up with solutions to these problems. The solutions will need 
“Eminent Technological Innovations” and thousands of innovative ways to localize 
the eminent innovations. The universities of the twenty-fi rst century have to create 
educational programs and an echo system that injects a lot more innovation and 
entrepreneurship into their institutions to remain relevant to the world.    
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    Abstract     The twenty-fi rst century is witnessing ubiquitous technology; workforce 
economically active beyond normal retirement age, learning    lifelong, interacting, 
and mobile globally; businesses with markets and supply chains spanning the world; 
growing demand and enrollments in professional engineering programs; diverse 
engineering education providers; worldwide comparison of engineering schools; 
and international recognition of accredited engineering programs and mobility of 
students. The surge in demand for professional qualifi cations in emerging nations 
led to the scenario of undergraduate engineering education being akin to liberal 
arts education with diverse career options. Recent decades also saw widening of 
engineering fi eld covering many new disciplines which fl ourished at the interfaces 
with other disciplines. Yet in every country, employers are able to fi nd only a frac-
tion of graduates with requisite knowledge, skills, abilities, and attitudes suitable for 
employment. In other words there is a need to rethink the way engineers are trained 
and to align the curriculum to the needs of the twenty-fi rst-century world. Sharing 
of best practices and continual improvement in all aspects of engineering education 
are desired for preparing engineers for the twenty-fi rst century.  
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1         Twenty-First-Century World 

 Forecasting is often fraught; nevertheless, a best attempt must be made as the 
foresight enables engineering education providers to understand what they need 
to do now to better prepare for the future. In the end how the future will pan out 
depends on what they do now. 

 During the past 15 years the world saw economic expansion, fi nancial crises, and 
unrest in certain regions. The following 85 years will likely witness them repeating 
for varied reasons which include emerging geopolitical conditions, population 
growth, internal and external migrations, further urbanization, competition for natural 
resources, changing climate, and energy mixes of nations. Longevity coupled with 
improved healthcare and birth rates suggests that the active world population will 
rise, contributing to continued economic expansion. The number of centenarians is 
projected to grow to 15 million from the current half a million. Future generations 
will be healthier, motivated, and economically active for periods longer than the 
current generations, upon formal tertiary education. In other words, the economi-
cally active life span upon graduation from a university will be in the range of 50–60 
years. It will no longer be unusual for people over 65 to be working full time. 
Holding more than ten jobs in a working career will be the new normal compared to 
the current average of two to three jobs during the career of an individual. According 
to  The Atlantic  (theatlantic.com), the US National Bureau of Economic Research 
scientists analyzed the data from the lives of great inventors and Nobel Prize win-
ners in recent decades and inferred that most people achieve big breakthroughs in 
their careers when they are in their late 30s [ 4 ]. Innovators have been peeking slightly 
later in life in part because today’s scientists have more to learn than their predeces-
sors did. The same trend has been observed with poets and painters. More women 
will seek higher education and pursue careers. Moreover, the future generations are 
likely to experience rapid technological innovations that will shape living condi-
tions and businesses. Hence, the education and skills they acquire at the tertiary 
institutions and lifelong learning (learn, unlearn, and relearn) are far more important 
than ever before. Countries and universities need to provide for growing need for 
continuing education. Environmentally friendly, autonomous transportation will be 
ubiquitous. Air, water, and soil are likely to become cleaner with greater attention to 
the cradle-to-grave cycle of manufactured products. Bio-factories for medicines, 
nutritious food, and environmentally benign products will be the new normal. 
Advances in technologies and pursuit of sustainable development slant energy 
mixes of nations toward renewables and lower resource consumption per capita. 
Widening income inequalities will likely erode social values. The proportion of 
single, two-person, or three-person families will increase around the world. As the 
families become nuclear, future generations will rely on public systems (universities, 
community organizations, cultural organizations, welfare groups, religious organi-
zations, etc.) to develop character and acquire social values and interpersonal and life 
skills, which were acquired naturally in respective family settings in the case of earlier 
generations. The world will be increasingly multi-polar with diverse geopolitical 
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infl uencers. Innovation nodes will be globally distributed and interconnected. 
High-quality educated workforce, scientifi c research capacity and capabilities, and 
an ecosystem conducive of innovate products, services, and governance are key 
enablers of competitiveness of countries.  

2     Universities and Engineering Education Providers 

 Global comparison of thousands of universities around the world emerged in the 
beginning of the twenty-fi rst century. The world ranking lists were generated by 
comparing each university as a whole with others. More recently, the universities 
are compared at the individual discipline level. Increasingly universities and engi-
neering schools are pressured to move up in the rankings. Institutions around the 
world are chasing the top few universities, which take fewer students and primarily 
are research universities. This is leading to isomorphism of institutions and losing 
the sight of the broader mission, i.e., advancing social mobility and facilitating 
social engineering. It is important to recognize that the students have diverse needs, 
and societies need diverse education pathways. Efforts should be aimed at develop-
ing incoming students to their full potential and evaluate the education providers 
based on the extent of value add   ed. The twenty-fi rst-century world needs university 
education to facilitate students’ disciplinary competence as well as social con-
science and compassion. It is more important to differentiate education offerings 
and continually improve the education quality by benchmarking with peers and 
aspirant institutions meaningfully. Quality assurance or accreditation with appro-
priate benchmarking serves better purpose than the mere rankings (see Table  1 ). 

   Table 1    Comparison of rankings and accreditation   

 Rankings  Accreditation 

 Assessor  Market-oriented organizations 
(QS, THE, ARWU, etc.) 

 External peers 

 Performance 
review 

 Based on databases  Comprehensive – internal review, 
self-evaluation report, 
benchmarking, site visit, and audit 

 Outcome  Ranking lists  Accredited or not accredited 
 Criteria  One dimensional; based on ranking 

criteria and weights 
 Multi-dimensional; based on evidence 

and demonstration of outcomes 
 Contents  Well received by the media, public, 

and students 
 Diffi cult to comprehend 

 Purpose  Business motive  Quality assurance and enhancement 
of standards; social accountability 

 Perception  Independent; benchmarking tool for 
national and global comparisons 

 Limited by peers’ perception of 
performance 

 Period  Annually  E.g., once in 5 years 
 Effect  Better students, staff, resources, 

and infl uence 
 Mobility of graduates; resources 
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Universities are to fi nd ways and means to facilitate an interdisciplinary learning 
environment via fl exible curriculum which is necessary for the future generations.

   There are about 6,000 engineering education providers worldwide enrolling 
millions of students. Majority of them came into existence over the last 50 years. 
They are diverse in terms of nature of institution (public, semipublic, private; 
teaching, research, and research intensive), size (boutique, medium, and large 
enrollments), management structures, funding mechanisms, range of programs, 
location, mission, vision, mode of delivery (full time, part time, online, mixed 
mode), level of resources, quality of students, quality of faculty members, fl exibility 
of programs, national and international partnerships, etc. The engineering fi eld 
itself is not static over the centuries (see Schematic  1 ), and it has several new 
disciplines to address the needs and expectations of industries, businesses, economies, 
and nations.

   For the aforementioned reasons, the engineering education providers has a 
pivotal role in enhancing (a) relevance of engineering education to the changing 
businesses, economies, and societies; (b) teaching abilities of academics; and (c) 
tailoring of curricula and pedagogical approaches to the future engineers’ needs and 
expectations. Emerging countries have the largest proportion of engineering educa-
tion providers, programs, and students, yet they lack engineering education research 
centers and programs. In emerging countries many engineering education providers 
are experiencing shortage of adequately qualifi ed faculty members. Hence, they are 
employing (a) graduates without Ph.D. degree and (b) Ph.D. degree holders with 
strong research credentials as faculty members. In both scenarios these faculty 
members lack the pedagogical skills of teaching students and deeper understanding 
of engineering education. There is a need for training future faculty members with 

  Schematic 1    Dynamic nature of engineering fi eld       
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engineering education knowledge and skills. In this regard future engineering faculty 
members are encouraged to take a concentration or minor in engineering education 
while doing Ph.D. in engineering research (e.g., see Table  2 ).

2.1       Attributes of Engineers 

 The world’s leading businesses are global and integrate supply chain across the 
continents. They source fi nances and talent worldwide and customize products to 
the markets they serve, as opposed to the past practice of standardized products 
made in one place and sold worldwide. This has been possible due to the availability 
of educated workforce, investments, and innovation capabilities in various regions 
of the world; globalization of trade, fi nance, and talent; and availability of modern 
transportation, information, and communication technologies (ICT). These enter-
prises require engineers with strong communication skills, open to diverse 
approaches, and who can lead multicultural teams. Such engineers are termed as 
“global engineers.” However, currently most of the engineering graduates are 
employed by the businesses and industries whose operations are local and regional, 
not global. These industries need engineers with strong technical skills relevant to 
the local market and societal conditions and connections to sustain and grow 

   Table 2    Examples of training of engineering educators   

 Institution  Degrees  Notes 

 Virginia Tech  Certifi cate  Engineering Education Graduate 
Certifi cate  Department of Engineering Education 

 University of Michigan  Certifi cate  Certifi cate in Engineering Education 
Research  Engineering School: Center for Research 

on Learning and Teaching (CRLT) 
 University of Georgia  Ph.D.  M.S. and Ph.D. in Engineering with 

Area of Emphasis in Engineering 
Education Research 

 Faculty of Engineering: 
Engineering Education Research 
Cluster 

 Masters 

 Texas A&M University  Ph.D.  Ph.D. in Interdisciplinary Engineering 
 College of Engineering 
 Purdue University  Ph.D.  Ph.D. in Engineering Education 
 School of Engineering Education 
 Carnegie Mellon University  Ph.D.  Ph.D. in Interdisciplinary Educational 

Research via Mechanical 
Engineering program 

 Engineering School: Program in 
Interdisciplinary Educational 
Research (PIER) 

 Arizona State University  Ph.D.  Example: Ph.D. Mechanical 
Engineering with concentration in 
Engineering Education 

 Ira A. Fulton School of Engineering  Masters 

 Aalborg University (Denmark)  Ph.D.  PBL in Engineering Education 
 UNESCO Chair in PBL in Engineering  Masters 
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businesses. Perhaps we may choose to refer to them as “mass engineers.” What is 
common between the two types of engineers? They must be profi cient in ICT skills 
as well as problem-solving skills with real-world experience. They need to be inno-
vative, relevant, persistent, and lifelong learners to keep their jobs in the twenty-
fi rst- century world. Both will become engineer-leaders with experience and 
sustained achievements in respective ways [ 3 ]. 

 Recently, the American Society for Engineering Education (ASEE) produced a 
report entitled  Transforming Undergraduate Education in Engineering , with an aim 
to develop a clear understanding of the qualities engineering graduates should 
possess and to promote changes in curricula, pedagogy, and academic culture 
needed to instill those qualities in the coming generation of engineers. Key knowl-
edge, skills, and abilities desired of future engineers include (a) engineering science 
fundamentals, (b) engineering, (c) context in which engineering is practiced, (d) 
communication, (e) teamwork and leadership, (f) fl exibility, (g) curiosity and desire 
to learn for life, and (h) ethical standards and professionalism. 

 Accreditation bodies with motivation to enable mobility of engineers and working 
professionals via international recognition of qualifi cations have documented the 
desired outcomes of engineering education. For example, the Accreditation Board 
for Engineering and Technology (ABET) [ 5 ] lists various competencies, namely, (a) 
ability to apply knowledge of math, science, and engineering; (b) ability to design 
and conduct experiments and analyze data; (c) ability to design a system component 
or process; (d) ability to function on multidisciplinary teams; (e) ability to identify, 
solve, and formulate engineering problems; (f) understanding of professional and 
ethical responsibilities; (g) ability to communicate effectively; (h) understand the 
impact of engineering solutions in a global and societal context; (i) lifelong learning; 
(j) knowledge of contemporary issues; and (k) ability to use techniques, skills, and 
engineering tools necessary for engineering practice. Similarly, Washington Accord 
(WA) member nations identify certain abilities expected of a graduate from an 
accredited program. They are grouped under broad headings, namely, academic 
education, knowledge of engineering sciences, problem analysis, design and 
development of solutions, investigation, modern tool usage, individual and team-
work, communication, the engineers and society, ethics, environment and sustain-
ability, project management and fi nance, and lifelong learning.  

2.2     Undergraduate Engineering Education 

 Recent decades saw tremendous expansion of engineering enrollments in several 
countries. This led to a wide variety of engineering education providers, students, 
engineering disciplines, curricula, and pedagogical and delivery approaches. The 
unbridled expansion led to (a) compromise in the quality, rigor, and standards of 
education; (b) graduates without jobs that fi t their training; and (c) education unable 
to inspire students who seek personal fulfi llment and motivated to contribute to 
the society. The real-world demands on engineering graduates and engineering 
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education have drifted apart. Engineering education should be updated and fi ne-tuned 
to nurture engineers with necessary skills and knowledge as shown in the 
schematic [ 1 ,  2 ]. Transformation in engineering education is needed in order to 
enhance students’ interest and to improve relevance of engineering education to the 
respective societies (see Schematic  2 ). Experimental learning involving societal 
challenges, hands-on approach, internships in industry, teamwork, internships 
abroad, and entrepreneurship opportunities are identifi ed to enhance students’ 
interest in engineering.

3         Training Graduates and Researchers 
(Training the Trainers) 

 In our technology ubiquitous world, youth dream of scientifi c research-led innova-
tion career as a worthy option. They desire to help people and society by developing 
new innovations. Hence, they are showing interest in graduate education and 
research. Every year about 20 % of university undergraduates upon graduation 
pursue this path either in home country or overseas. Their number is growing around 
the world. During the graduate studies and research training, they hope to equip 
themselves with right knowledge, skills, and experience. Key question on their 

  Schematic 2    Key features of training undergraduates       
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minds is how best to prepare for the research-led innovation careers in a globalized 
competitive, cooperative world. 

 Most nations and universities focus their attention on the undergraduate educa-
tion and relatively less or no attention is given to the training of quality graduates 
and young researchers. Graduate training is also equally important as a good pro-
portion of them will become academics who will train and inspire future genera-
tions. Many of them will also become chief scientists, chief technology offi cers, and 
chief information offi cers in diverse companies around the world. They contribute 
to the organizations and support their chief executive offi cers in foresight, strate-
gies, vision, and new innovative products. Along the way some of them will become 
entrepreneurs by setting up start-up companies based on their own experience and 
research-led innovations. Hence, from these diverse considerations, there is a need 
for training quality graduates and junior researchers in a more holistic way and 
future ready, and what should that be? 

 Universities have been paying attention to the students’ abilities to use modern 
tools and methods and advanced scientifi c knowledge and skills imparted in special-
ized domains. However, solving many challenging problems such as clean water, 
energy, transportation and environment, healthy life and affordable healthcare, and 
ubiquitous security and comfort require integrative approaches. Most interesting 
and useful innovations in recent years are a result of multidisciplinary and interdis-
ciplinary efforts. Hence, the students should be given opportunities to collaborate 
and interact with other disciplines. For sustaining research-led innovation career 
which typically spans over four decades, an individual needs to raise funds regularly 

  Schematic 3    Key features of training graduates and researchers       
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in a competitive and resources-limited world. This requires effective communication 
and marketing skills to convince diverse investors and stakeholders while maintaining 
ethics and research integrity and respecting intellectual property rights of others. 
In order to develop and implement innovative solutions to the societal challenges, 
often researchers must be able to work with others from different cultures, languages, 
norms, and safety standards. Hence, the graduate researchers need exposure to overseas 
research cultures and practices and intellectual property protection and transfer 
processes. A quality program should have various aspects indicated in Schematic  3 , 
which will enable graduates and researchers to be most effective in society engage-
ment and relevance. More importantly such a holistic approach will enable them to 
pursue passion to the full extent and inspire the generations to come [ 6 ,  7 ].

4        Conclusions 

 Engineering education is at the crossroads. There is need for (a) training engineering 
educators, (b) developing fl exible and customized curriculum to suit students’ needs 
and expectations, (c) updating ranking and accreditation criteria and standards to 
enhance the quality and social impact, (d) customized engineering education 
strategies appropriate for an institution and country, and (e) thought leadership in 
engineering education. Sharing of best practices around the world and continual 
improvement in all aspects of engineering education have never been this important 
in the history of engineering profession.     
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     The trend towards globalization affects engineering educators on three interrelated 
dimensions: a dramatically new landscape of world economy, the next generation of 
engineering job, and the education of the “next gen” engineer. 

 It is critical that the next generation of engineers be globally competent. This is 
a broad outcome with multiple nuances, implementation methodologies, and 
 assessment metrics that will be detailed in the next few paragraphs. Our mission is 
to enhance engineering education by enabling the “next gen” engineer to be equally 
at “home” in practicing engineering in Hubli, Hannover, Hokkaido, Helsinki, or 
Hackensack. This aligns with Jack Welch (former Chairman and CEO of General 
Electric) who believes that “Globalization has changed us into a company that 
searches the world, not just to sell or to source, but to fi nd intellectual capital – the 
world’s best talents and greatest ideas.” These words by the visionary Jack Welch 
aptly summarize the phenomenon of globalization that has swept over the world. 
It has practically infl uenced every aspect of human life – culture, politics and 
 economy, and especially engineering education. 

1     Stages of Globalization and the Global Economy 

 Globalization has evolved tremendously over the ages. In his book, World Is Flat: 
A Brief History of the Twenty-First Century, the journalist Thomas L. Friedman 
details the three stages of globalization as follows:
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    1.    Globalization 1.0 (1492–1800) – In this period, countries began to recognize the 
importance of spreading their wings to outside their homeland and looking for 
opportunities abroad. These years were characterized by countries trying to 
 globalize for resources and imperial conquest. This period laid the foundation stone 
for the much richer global exchange that was to happen in the forthcoming eras.   

   2.    Globalization 2.0 (1800–2000) – This was the era when globalization started to 
really mature. Unlike the earlier stage, where only some imperialistic countries 
were reaping the benefi ts, this stage provided opportunities for the corporate 
world to globalize. Multinational companies grew and concepts such as global 
outsourcing and supply chains emerged.   

   3.    Globalization 3.0 (2000 onwards) – Globalization now not only encompasses 
trade but also exchange of talent and knowledge. In today’s world, individuals are 
able to globalize. Companies search the entire world for talented engineers. This 
has led to the rise of what can be called a “global economy” where the economies 
of individual nations, companies, and individuals are deeply interconnected.    

  The global economic phenomenon has led to a sea of change in the nature of  business 
and jobs. At big corporations, global sourcing of products and people has become the 
norm. Factors that have enabled this remarkable growth in globalization include: 

 Ease of accessibility and collaboration: Today’s world has become much smaller 
in the sense that airfares have been stable in absolute terms over the past two decades 
and actually plummeted in real terms. Telecommunication costs have also dramati-
cally dropped, leading to cheaper and easier collaboration between companies. But 
perhaps the most crucial factor has been the rise of the Internet. This global  behemoth 
of interconnected computers has led to a tremendous increase in the ease of 
 communication and information exchange. Helsinki and Hubli are just a click away! 

 Government policies: Having realized the boost that foreign investment can 
 provide to their economy, governments have started providing incentives to fi rms 
that bring business to their country. These incentives include faster and easier licens-
ing, attractive tax rates, and allowing free currency fl ow. 

 International alliances: Regional alliances like the European Union, NAFTA, 
Association of Southeast Asian Nations (ASEAN), and Asia Pacifi c Economic 
Cooperation Forum (APEC) help tremendously to facilitate collaboration and 
 interaction between their member nations on various fronts like trade, culture, and 
technology by removing bottlenecks. 

 Talent pool in low-wage countries: There is an abundance of talented and highly 
educated engineers in the emerging nations and beyond – in diverse countries such 
as India, Brazil, China, Russia, Eastern Europe, Middle East, etc.  

2     Educating the Next-Generation Engineer 

 In tomorrow’s engineering workplace, competent technical skills are a necessary but 
not suffi cient condition. However, in addition to the above-stated skills, it is necessary 
that an engineer possess the ability to work in the dynamic, multicultural teams that 
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are present in global corporations. Also it is necessary to blend high level of technical 
skills with superior communication skills. So today’s engineering curricula must 
incorporate the following techniques to educate tomorrows “next gen” engineer:

    1.    Add new and relevant areas to the engineering curriculum relevant to the local 
workplace. Engineering curriculum (or at least, technical electives) must be eval-
uated and refi ned every 2 years.   

   2.    Engage student in exciting, team-based, authentic experiences starting from 
freshmen year.   

   3.    Establish interdisciplinary teams for projects. Academic institutions are among 
the few entities that divide engineers into silos by discipline. In the corporate 
workplace, every engineer irrespective of discipline is a problem solver.   

   4.    Offer students opportunities for leadership in multiple areas.   
   5.    Offer exposure to cross-cultural working environment. Emphasize to students 

that it is a global marketplace today. Students must be offered opportunities to 
experience the international workplace while in college. Technical electives and 
humanities courses that focus on globalization, diversity, and a cross-cultural 
environment must be offered to students.   

   6.    Engineering courses must utilize global resources such as the Internet, educa-
tional modules, etc. as part of their curriculum.      

3     Conclusion 

 The interplay of global factors will lead to signifi cant changes in the structure, 
delivery mode, and content of engineering education. Successful engineering 
 institutions are ones that will embrace these changes and allow them to produce 
globally competent engineers.    
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    Abstract     Never has the speed of development in the area of engineering been as 
accelerated as it is today, as we observe the enormous and driven growth of the area 
of engineering. Today’s tendencies require concerted new efforts in engineering 
education – or in other words, the importance of pedagogy in the fi eld of engineer-
ing is growing enormously. These changes strongly demand new didactic and peda-
gogic paradigms. The International Society of Engineering Education (IGIP) offers 
to contribute to the relevance and pedagogical aspects related to developing educa-
tional concepts in engineering education.  

  Keywords     Engineering education   •   Training   •   Pedagogy   •   Certifi cation   • 
  Competences   •   IGIP  

1         IGIP and Engineering Education 

 IGIP has a more than 40-year tradition of contributing to engineering education, and 
its members and many activists have contributed to making IGIP a leading global 
engineering association. IGIP presently has a worldwide membership of about 
1,750 members (individual, affi liate, institutional). More than 1,300 professionals 
all over the globe at this moment bear the title of “International Engineering 
Educator –  ING.PAED.IGIP .” IGIP also works in good partnerships with international 
associations as IFEES, ASEE, IEEE Education Society, SEFI, IUCEE, and IELA, 
to name just a few. 
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 The aims of the International Society for Engineering Education (IGIP) are as 
follows:

•    To improve teaching methods in technical subjects  
•   To develop practice-oriented curricula that correspond to the needs of students 

and employers  
•   To encourage the use of media in technical teaching  
•   To integrate languages and the humanities in engineering education  
•   To foster management training for engineers  
•   To promote environmental awareness  
•   To support the development of engineering education in developing countries    

 It is important to consider that humankind has never faced such a rapidly chang-
ing and dynamic global environment which demands so much of engineers as we 
are witnessing today. 

 And as our environment changes, it is imperative we better learn to adapt, which 
requires us to question and, when necessary, be open to changes regarding our edu-
cational systems, pedagogy, and all our methods and processes in engineering 
education. 

 Never before have the challenges in education and pedagogy been as challenging 
as today. Never has so much been demanded of engineers. But what exactly is 
engineering?

  Engineering is the discipline, art and profession of acquiring and applying scientifi c, math-
ematical, economic, social, and practical knowledge to design and build structures, 
machines, devices, systems, materials and processes that safely realize a solution to the 
needs of society [ 1 ]. 

   A short defi nition of engineering might be “Exploiting basic principles of sci-
ence to develop useful tools, objects and processes for society.” This means that 
engineering is the link between science and society, which can include almost any-
thing that people come into contact with or experience in real life. The concept of 
engineering existed long before recorded history and has evolved from fundamental 
inventions, such as the lever, wheel, and pulley, to the complex examples of engi-
neering we witness today. But today, there are two actual tendencies: 

 First, we can observe an enormous (and accelerated) growth of the area of 
engineering. 

 Besides the traditional fi elds, new engineering disciplines have been created and 
more are in the process of creation. Some examples are as follows:

•    Software engineering  
•   Data engineering  
•   Information engineering  
•   Medical engineering  
•   Neuroengineering  
•   Gene engineering  
•   Social requirement engineering, etc.    

 And new tasks requiring new competencies within traditional engineering disci-
plines have grown in number and complexity:
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•    Online engineering  
•   Remote engineering  
•   Virtual engineering  
•   Reverse engineering    

 On the other hand, we can observe a terrifi c decrease of the life cycles of technical 
(or engineering) products (and processes or technologies too!) [ 2 ,  3 ]. 

 For example, how many years did it take for the following products to reach a 
market audience of 50 million?

•    Radio 38 years  
•   TV 13 years  
•   Internet 4 years  
•   iPod 3 years  
•   Facebook 2 years  
•   Tablet PC (iPad) 1 year    

 The fi eld of engineering has never suffered such reduced times to bring their 
innovations from concept to market. Competition in the fi eld of technology is now 
measured in weeks. 

 Thirdly, engineers tend to spend the majority of their working week (around 
60 %) engaged in activities which involve interaction with others (meetings, super-
vision, writing reports, etc.), and only around 40 % is devoted to technical engineer-
ing activity [ 4 ]. 

 This shows, for example, the NACE’s Job Outlook 2012 survey. 
 Survey participants rated “ability to work in a team structure” and “ability to 

verbally communicate with persons inside and outside the organization” as the two 
most important candidate qualities [ 5 ]. 

 These realities require a concerted effort to evolve engineering education into 
what today’s reality is demanding of practicing engineers. In other words, many 
traditional educational models and practices are no longer functional. For this rea-
son, the importance of pedagogy is growing at an enormous pace. The need to 
innovate and apply new paradigms to the teaching-learning process is an absolute 
necessity [ 6 ].  

2     New Questions of Today’s and Future Engineering 
Education 

 All these trends result in new questions and the resulting need to evolve educational 
practices, especially in engineering pedagogy. Some of these important questions to 
consider include the following:

•    What learning approaches have to be used to effectively respond to these 
changes?  

•   What are the pedagogies that provide the most effective learning experiences for 
engineering students of the twenty-fi rst century?  
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•   What learning skills in engineering education need to be developed and how can 
engineering teachers succeed in guiding their students to achieve them?  

•   What pedagogical approaches have been found to support the different phases of 
the present lifelong learning continuum, or is more research necessary?  

•   What are the approaches that enable competence in leadership skills in a multi-
cultural working environment, and what is the best way for these competencies 
to be delivered?  

•   Ambient technology is becoming a reality. What does ambient learning in engi-
neering education look like? How can it be designed, delivered, and assessed?  

•   How can engineering education support individualized and personalized learn-
ing to compensate for individual differences (learning styles, learning strategies, 
learning preferences, fi eld dependency, etc.)?    

 These are some of the reasons why the relevance and importance of engineering 
pedagogy is growing so enormously. 

 Logically the European Commission stated in its report on improving the quality 
of teaching and learning in Europe’s higher education institutions (JUNE 2013): 
“There is no law of human nature that decrees that a good researcher is automati-
cally a good teacher, or that a fi rst class honors student in biochemistry with a bril-
liant PhD will automatically be a good teacher of biochemistry.” 

 The recommendation is “All staff teaching in higher education institutions in 2020 
should have received certifi ed pedagogical training. Continuous professional education 
as teachers should become a requirement for teachers in the higher education sector.”  

3     IGIP’s International Engineering Educator Title 

 IGIP has established a prototype curriculum for engineering pedagogy which is 
already used in several countries. In contrast to ABET or ENAEE, IGIP is not an 
accreditation body for engineering curricula. By passing the curriculum as proposed 
by IGIP in any accredited or other institution worldwide, IGIP states that a given 
engineering educator with an  ING.PAED.IGIP  title has all the competencies needed to 
teach to the highest standards with the best available teaching technologies. 
Interested engineers can continue their education in accordance with the IGIP 
Curriculum and obtain a diploma that will provide the knowledge and skills neces-
sary for engineers to become better teachers. IGIP, worldwide, already has 46 
approved educational centers and more than 1,300 approved “International 
Engineering Educators” ( ING.PAED.IGIP ). 

 The IGIP model’s point of departure is that individual engineering lecturers initi-
ate and are responsible for teaching and learning concepts that train engineers and 
technicians. The quality and success of engineering studies are decisively  infl uenced 
by teacher competencies in the area of pedagogy as pedagogical skills represent a 
network of knowledge and skills that transmit knowledge and experience, much like 
Web 3.0. For this reason, technology and educational practice must go hand in hand 
when we are dealing with the education of engineers. 
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 Engineering educators expand their typical engineering subject competence by 
acquiring teaching and learning skills in theoretical and practical coursework cor-
responding to the objectives of the  ING.PAED.IGIP  curriculum. 

 The  ING.PAED.IGIP  is a registered program which certifi es a certain educational 
level for teachers, trainers, or instructors. Any engineering educator who passes the 
curriculum at any IGIP accredited training center for International Engineering 
Education or other institution worldwide, and whose education, training, and pro-
fessional experience meet IGIP standards, may apply to be registered as an 
“International Engineering Educator  ING.PAED.IGIP ”. 

 The qualifi cation profi le of a specialized engineering pedagogue is based on two 
pillars [ 7 ,  8 ]:

•    Engineering qualifi cations which were earned through a recognized and/or 
accredited engineering study program plus relevant professional experience  

•   Educational qualifi cations in engineering pedagogy acquired in the course of a 
comprehensive educational program    

 The goal of IGIP accreditation is to insure that graduates of the accredited engi-
neering pedagogical programs are well prepared to perform their teaching duties in 
engineering subjects and meet the criteria required to become International 
Engineering Educators,  ING.PAED.IGIP . Another goal is to promote quality assur-
ance, quality improvement, and modernization of engineering pedagogy programs 
and to create public awareness of the high quality of the IGIP program for engineer-
ing pedagogues. Accreditation is a voluntary process which educational institutions 
must apply for through the responsible IGIP national monitoring committees. 

 The accreditation criteria defi ned by IGIP for a program for engineering educa-
tors are as follows:

•    Organization of the program  
•   Entrance requirements for the fi rst year students  
•   Skills/abilities of the graduates  
•   Engineering pedagogical curriculum  
•   Lecturers and professors  
•   Institutional resources  
•   Quality control and feedback     

4     Competences in Engineering Pedagogy 

 An “ideal” teacher with a technical background should acquire the necessary pro-
fessional competences of an engineering educator. These general professional com-
petences consist of two main groups:

•    Technical expertise  
•   Specifi c engineering pedagogical competencies    
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 Educational theory offers different lists of competences [ 9 ]. The IGIP concept of 
engineering educational competences is to be summarized as follows:

•    Pedagogical, psychological, and ethical competences  
•   Didactical skills and evaluative competences  
•   Organizational (managerial) competencies  
•   Oral and written communication skills and social competences  
•   Refl ective and developmental competences    

 The IGIP Recommendations for Engineering Pedagogy Studies (in short IGIP 
Prototype Curriculum) are described in detail in [ 10 ]. 

 Interested institutions and engineers, teachers, and students are welcome to con-
tact one of the 23 IGIP national monitoring committees or the IGIP headquarters in 
Austria.  

5     Conclusions 

 Technical university teaching has often been perceived as a poor cousin to 
research. Few technical universities require any specifi c technical teacher educa-
tion for their academic staff. Interestingly, this is the only level of learning where 
academic staff receives no teacher training. Yet teaching is an art that, at least to 
some degree, can be taught, if the institutions of higher learning support it as an 
important element. The International Society for Engineering Education (IGIP) is 
working to assure that graduates of accredited engineering pedagogical programs 
are well prepared to perform their teaching duties in engineering subjects and 
meet the criteria for IGIP registration as International Engineering Educators, 
 ING.PAED.IGIP . IGIP’s ultimate goal, however, is to promote quality assurance 
and quality improvement and modernize engineering pedagogy programs and 
educational practices. Its intention is also to create public awareness of the high 
quality of engineering pedagogue programs.     
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1            Summary 

 Transformation of engineering education is taking place all over the world to address 
the needs of the twenty-fi rst century. Gone are the days when engineering graduates 
will automatically gain employment; the world now does not need just any  engineer – 
the world needs good engineers who are well prepared to take on the challenges of 
this century. Realizing these challenges, what is our role as engineering academics 
in this transformation? As individuals, how can an academic teaching engineering 
students transform engineering education? While we may feel powerless and doubt 
that what we do as individuals can make a difference, it is important to remember 
that transformation can take place at different levels: individual or grassroots, 
departmental or faculty, and institution and nationwide levels. While change can 
start from the top-down, sustaining it from the bottom-up is just as crucial. 

 We need to remember that meaningful change always starts small, from 
 individuals at the microlevel. In my own experience, the seeds of transformation 
started when I began reading about others’ efforts to improve engineering education 
in the USA through reading the Chemical Engineering Education Journal back 
in the early 1990s. In addition to increasing my knowledge, reading the papers in the 
journal also made me realize that efforts in engineering education should be written 
and shared with others. 

 In the early 2000s, when I started to change the way I teach to help students in 
my class learn better, the university management was willing to support me to go to 
conferences and workshops in Malaysia or Singapore, provided that I train other 
academic staff when I afterwards. Well, the best way to learn is to indeed implement 
what we learned and teach others. Providing training to other academic staff allowed 
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me to bring about change at my own institution but also at the national level. 
Organizing and conducting workshops, conferences and seminars to bring in experts 
in engineering education to learn from, and to provide a platform for sharing and 
exchanging ideas also allowed us to develop a community of practice among engi-
neering educators in Malaysia and Asia. To sustain the transformation, it is impor-
tant to be a refl ective practitioner through conducting research and writing about 
them. Becoming a refl ective practitioner through conducting research on my own 
practice and to answer the questions that I have about engineering education to 
enhance its quality. Writing further pushed me to read about what others are doing, 
and discover educational principles that I can apply to become the foundation of 
good practices. Thus, writing about my practice and research in engineering educa-
tion allowed me to be more critical to improve my implementation and share with 
others not only in Malaysia but also from throughout the world. This is the key to 
playing our part in meaningfully transforming engineering education as academ-
ics – we need to read and learn – to be scholarly and knowledgeable, start the change 
with our classes or programs, write about those efforts, and when given the chance, 
train others to become champions of change at the grassroots level. 

 When Malaysia became a provisional member of the Washington Accord in 
2003, and fi nally a full member in 2009, although it was initially diffi cult, those who 
could see the positive impact of outcome-based education learned and became 
champions to support the transformation. This transformation is still ongoing, and 
efforts are being made to ensure that they are made through scholarly, meaningful, 
evidence-based approaches. We need to realize that the outcome-based approach is 
not just about preparing documentation – the outcomes that we want our graduates 
to achieve are the attributes that we would like our graduating engineers to have to 
be good engineers in the twenty fi rst century. This is why we need to bring about 
this transformations in our classrooms. Through all these experiences, we in Asia 
need to adapt this philosophy to our own culture and settings, which is why develop-
ing local champions is crucial. The time has come for us to also publish and share 
these  experiences with the whole world to enrich and advance the knowledge in the 
area from the Asian perspective.    
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    Abstract     This paper presents a teaching method that effectively integrates multimedia 
resources, software and chalk and board teaching. This method enhances the learning 
of fundamental concepts of digital signal processing (DSP) in a large class. It follows 
the application-based approach of introducing an audio or video application. The 
concepts linked to the application are demonstrated using software. The math asso-
ciated with the concept is worked on the board. This method helps the student to 
understand the diffi cult concepts of DSP. It is effective in a large class in an affi liated 
system. In an affi liated system, the curriculum is prescribed by the university. The 
teacher has little or no fl exibility in the framing of the curriculum. The content, the 
number of hours and the pattern of the questions are all dictated by the university. 
This method has proved effective within these constraints.  

  Keywords     Digital signal processing   •   Convolution   •   Application-based teaching  

1         Introduction 

 The learning of DSP involves both the understanding of various theoretical concepts 
and the practical development and implementation of these concepts [ 1 ]. DSP is a 
core subject prescribed for the undergraduate course. The teaching content of the 
course includes theory teaching and practice teaching, which are set separately but 
have close connection with each other [ 2 ]. The amount of mathematics involved 
intimidates the student. The student has to be introduced to the applications which 
will ignite the interest of the student. Link the application to the concept and then the 
maths involved has to be introduced. The curriculum for DSP for undergraduates 
includes basic composition of digital signal systems, discrete Fourier transform, 
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digital fi lters and digital fi lter structures. The general opinion of the student is that too 
much mathematical analysis and mathematical formulary are included in the curricu-
lum. The general method followed in teaching is to resort to Power point presentation 
and blackboard. Continuous mathematical derivations without understanding the 
applications many a times put off the student, and the student loses interest.  

2     Application-Based Teaching 

 Many DSP concepts can be demonstrated by examples which involve a great deal of 
computation. A list of some of the concepts is as follows: convolution, fi ltering, 
quantization effects, etc. The curriculum begins with discrete Fourier transform 
(DFT). DFT is derived from discrete-time Fourier transform expression. The con-
tinuous and discrete Fourier transform are covered in Signals and Systems. The fl ow 
of the topics is as follows: DFT, properties of DFT, Fast Fourier Transform, Infi nite 
Impulse Response fi lter and Finite Impulse Response fi lters and fi lter structures. 
If the topics are linked to a project with each block of the project demonstrating the 
various topics of the curriculum, it is easier for the student to comprehend what is 
being taught. 

2.1     Convolution 

 One of the concepts frequently used in DSP is convolution. The response of any 
system to a new input can be calculated by convoluting the impulse response with 
the new input. Convolution is expressed as given by ( 1 ):

   
y x ht t t      *

  
 ( 1 ) 

   

where  y  (t) is the response,  x  (t) the new input and  h  (t) the impulse response of the 
system. Convolution can be demonstrated by recording the impulse response of a 
closed stadium. The input  x  (t) could be the voice of a person and could be recorded 
in a closed room. The two signals are convoluted using MATLAB. The resulting 
signal when played will appear as though the person is speaking in the stadium [ 3 ]. 
The convolution of different signals can be worked on the board. Working by hand 
will help in reinforcing the mathematics involved in the calculation of convolution.  

2.2     Speech Processing System 

 To link the various models of the chapter, a project on speech processing or video 
processing is picked up. The whole sequence of operation of a speech processing 
system could be as shown in Fig.  1 .
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   In turn, the DSP block can be expanded as shown in Fig.  2 .
   A speech signal is recorded in the time domain. The signal is sampled and trans-

formed to a frequency domain signal. The transformed signal is fi ltered and then the 
inverse DFT is obtained. Each block of the speech processing system is linked to a 
topic in the curriculum. 

 The recorded audio signal is played before processing and after processing. The 
audio signal can be given to a MATLAB program to demonstrate the sampling pro-
cess. The DFT of the samples can be worked in MATLAB. This will explain the 
concept behind the audio signal frequency domain characteristics. The derivation of 
the DFT signal from the DTFT signal can be worked on the board. Students can be 
asked to solve the problems related to DFT and its properties by hand. Derivations 
are understood better if they are worked on the board step by step. The active 
involvement of the student is also necessary. 

 The DFT samples can be given to different types of fi lters to demonstrate the 
fi ltering effect. The student can observe the variations in the audio clip when passed 
through different fi lters. The implementation of the fi lter can be done by hand and 
verifi ed by MATLAB. 

 The advantage of the application-based learning is that the student can relate 
the real world example to the maths behind it. In conventional teaching meth-
ods, the maths is delinked from the application making the student wonder as to 
where the mathematics is used.   

3     Assessment of Effectiveness 

 This method was adapted to a class of 95 students. The students were taught Signals 
and Systems of which digital signal processing is an extension, with the conven-
tional method. To the same set of students, digital signal processing was taught with 
the application-based method. They were given a questionnaire to answer about the 

  Fig. 1    A speech processing block       
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  Fig. 2    DSP block       
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effectiveness of the method from their perspective. The fi rst three questions related 
to the method, the fourth was the level of motivation this method provided with. The 
questions asked were as follows:

•    How effective is teaching DSP using this method?  
•   Does animation help you visualise the concept?  
•   How good is the fl ow of the topic?  
•   Were you motivated to explore?    

 They were also given choices of black board, black board plus MATLAB, 
MATLAB only, MATLAB plus multimedia and MATLAB plus multimedia plus 
black board as various tools used to make them understand the basic concepts of 
DSP. They were asked to rate each of the combination of tools which helped them 
in understanding the concepts better. The rating was on a scale of 1–10, with 1 being 
the minimum and 10 being the maximum. 

 The students’ feedback was positive. Some of them are listed as follows:

•    Interesting lessons  
•   Could understand the diffi cult concepts  
•   Maths made so interesting    

 As for the tools used, the average of the rating given by the students was taken. 
It is as shown in Table  1 .

   Since the method was tested on the same set of students, the feedback carries 
more weight.  

4     Conclusion 

 A method for teaching a large class in an affi liated system has been presented. It is 
based on the successful integration of black board, multimedia resources and 
MATLAB. This method has been tested on a class of 95 students in an affi liated 
system. The feedback from the students has been encouraging.     
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    Abstract     Information retrieval is one of the most important technologies of present 
times due to vast availability of information. Lots of systems with varying 
 information are available through the Internet. Useful information can be retrieved 
from these systems. The Web is a crucial application available on the Internet. 
It provides a medium to study and learn various subjects in the education domain. 
Large amount of E-content is also available on internet sites like NPTEL, OCW, 
OCC, CORE, UNIVERSIA, TOCWC, KOCWC, RuOCW, BigBlueButton and 
YouTube. NPTEL has covered more than 600 courses which include recorded video 
lectures. There is no search engine available providing a mechanism to search con-
tent within these videos. All these monolithic lecture videos are around of an hour’s 
duration. Learners face diffi culty when searching a keyword-relevant content in 
these videos. A keyword-based system to search within a single lecture video or 
across multiple videos is required to reduce the time to use this content. It will be 
useful to have an effi cient information retrieval system helping many students to 
search the NPTEL content. In this study, a search and ranking system is proposed 
for the video content of NPTEL lectures.  

  Keywords     Information retrieval   •   Lecture videos   •   Key frame  

1         Introduction 

 The search and rank ability of an information system is to fi nd and rank information 
of interest with respect to user’s need to be fulfi lled by navigating various possible 
options in a repository so that usability and effectiveness of the system in terms of 
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precision and recall value remain high. Many universities and other institutes use 
the Internet to offer learning material containing thousands of recorded video 
 classroom lecturers maintained in their repositories [ 1 ]. To browse through the 
entire repository for fi nding content related to the interest of the learner is a cumber-
some job. If the learner is not familiar with the area like the fi rst-time learner, then 
this problem gets more exacerbated. The learner may not be able to fi nd the exact 
videos related to the relevant topic to see/listen. Hence, there is a need of a keyword 
query- based system which provides a relevant link portion in a video after going 
through the repository. 

 The rest of the paper is organized as follows. Present techniques used for 
 searching in lecture videos are discussed in Sect.  2 . The problems in current tech-
niques are summarized in Sect.  3 , followed by design and implementation of a 
 system which are presented in Sect.  4 . Then in Sect.  5 , results and overall perfor-
mance of system is discussed followed by a conclusion.  

2      Literature Survey 

 This section outlines various techniques for searching in recoded lecture videos and 
some well-known video lecture repositories. 

2.1     Recorded Lecture Video Search Techniques 

 Various techniques can be used for searching the lecture videos. These techniques 
work on one of the following two basic methods [ 2 ]: 

  Using metadata and browsing key frame : Many openly available video search 
systems allow search entirely on video metadata like date, author, video title, 
 summary, author, genre, etc. Some systems provide key frame or storyboard 
 previews of selected videos to assist the learner to preview the lecture video [ 3 ,  4 ]. 
Key frames are single images or video frames derived from shots as representa-
tives of complete shots. These frames are basically used for content-based video 
management. Open video project [ 5 ] and Internet archives [ 6 ] are based on meta-
data search techniques. 

  Key frame matching : This technique requires the user to fi nd set of images or key 
frame supporting the information requirement of the user. Content-based image 
retrieval (CBIR) search is done on the collection of images to fi nd the video key 
frame from the video library [ 7 ].    In Fischlar-TRECVid-2004 [ 8 ,  9 ] video retrieval 
system, the user queries as text search terms or a set of images executed against 
closed captions of videos. Key frame-based technique is suitable when the user has 
a visual component which is clearly defi ned.  
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2.2     Existing Video Lecture Repositories 

 National Program on Technology Enhanced Learning (NPTEL [ 10 ]), MIT’s 
OpenCourseWare (OCW [ 11 ]), OpenCourseWare Consortium (OCC [ 12 ]), China 
Open Resources in Education (CORE [ 13 ]), UNIVERSIA [ 14 ], Taiwan 
OpenCourseWare Consortium (TOCWC [ 15 ]), Korea OCW Consortium (KOCWC 
[ 16 ]), Russian OpenCourseWare (RuOCW [ 17 ]), Open Source Web Conferencing 
(BigBlueButton [ 18 ]) are some of the main lecture video repositories. These  repositories 
provide limited search and navigational features as shown in Table  1 . NPTEL, a project 
funded by the Ministry of Human Resource Development, Govt of India, does not 
provide lecture video search facility. The only facility to assist the learner is by brows-
ing through the directories/List. It has approximately 12,000 videos of different  lectures 
in about 25 disciplines. The size of repository is around 4 terabytes. Learners have to 
select a course manually and then go through a list of titles of all lectures in that course, 
to fi nd which video might have the desired  explanation. Then the user has to manually 
browse through the videos to identify the portion of interest.

3          Problem Defi nition 

 NPTEL repository is used by a number of institutes and learners across India. 
It does not provide any search mechanism to fi nd out relevant content of interest. 
The aim of this work is to fi nd out a list of lecture videos from NPTEL repository 
where keywords provided by the learner are spoken. It should play the video from 
the point of utterance of that particular keyword.  

4      System Architecture and Implementation 

 A video search engine can use a number of features of video data to search. The 
overall system has a number of components. The data fl ow between different 
 components of search engine created for NPTEL is shown in Fig.  1 :

  Table 1    Lecture video 
repositories comparison  

 Repository  Search  Navigation feature 

 NPTEL  No  No 
 OCW  Content  Speech navigation 
 OCC  Courses  By language or 

by institution 
 CORE  By keyword  No 
 UNIVERSIA  By keywords  No 
 TOCWC  No  No 
 KOCWC  No  No 
 RuOCW  No  No 
 BigBlueButton  No  No 
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     (a)      Video Repository : When it comes to spoken content, the dialogues between 
speakers can be spontaneous or scripted. Complexity of the problem varies with 
the number of speakers and other audio elements (background score, noise, 
etc.) involved. The genre of the video also plays an important role from the 
user’s perspective of searched information. Taking all factors in consideration, 
in this work a repository of single-speaker lecture videos has been collected 
from NPTEL content. 20 lecture videos of ‘Data Structure and Algorithm’ 
subject, each video of approximately 1 h, consisting of 20 viewing hours are 
collected for the purpose. The size of collection is approximately 5 gigabytes. 
Videos are downloaded from NPTEL [ 10 ].   

   (b)     Transcript Generation : Transcription is a representation of content in written 
form. The source can either be utterances (speech) or pre-existing text. The text 
of video lectures has been generated through manual processes. A collection of 
20 text documents of the respective videos is generated manually by listening 
to each video. The collection served as the dataset for whole system. The 
transcript is generated from the words spoken by an expert delivering lectures. 
Stop words are the terms that appear frequently in the text like ‘a’, ‘the’, ‘is’, etc. 
Stop words does not give any    meaningful view about the repository. Hence, in 
transcripts 48 % of stop words are removed for fast search.   

   (c)     Converting Video into Frame Images : For extracting frames of the video, 
MATLAB-2012 software is used. It can be used to develop algorithm, analyse 
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  Fig. 1    Video search engine        
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data and create models and applications. In MATLAB ‘mmreader’ class is used 
to read video data from multimedia fi les. It is used to make frames of videos. 
MP4 video frame rate is 30 frames per second. So for each 1 h video, approxi-
mately 108,000 frames are extracted and stored.   

   (d)     Attach Keyword to Frames : After converting videos into frame images and 
 generating transcript, frames are annotated. The method used to annotate 
frames is based on utterance rate so that time alignment of words with frames 
can be accurately captured. Utterance rate is the speed at which a speaker 
speaks. On an average, a person speaks 168 words per minute which amounts 
to 3 words per second [ 19 ]. Annotation is done by attaching words spoken by 
the speaker. Since, 30 frames per second are generated, so these 30 frames 
are attached with each set of 3 words. Figure  2  shows the sample of words 
annotated with frames.

       (e)      Search : Search is carried out for a user query. The system searches for the query 
term in the index and returns the results after ranking them according to score. 
The search list is a ranked list of videos in decreasing order of score, which 
have the query term. Figure  3  shows search result for a term ‘tree’.

       (f)      Ranking : A user may not be interested in all the results returned in response to 
the query. But, the most relevant result may fulfi l the user’s requirements. 
Scoring of result or ranked retrieval is performed to achieve this aim. Ranking 
is on the basis of term frequency and synonyms of the word to be searched. 
After  searching a particular word and its synonyms from a transcript of all the 
videos, score is calculated. Equation ( 1 ) helps in fi nding the precision value and 

  Fig. 2    Word annotated with respective frame       
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Eq. ( 2 ) helps in fi nding the recall value. With the help of Eqs. ( 1 ) and ( 2 ), score 
is calculated as in Eq. ( 3 ). The video with the highest score will be at the top, 
and other videos are arranged in decreasing order of their score:

    

A
Total Relevant Words

Total shown Results

 
    

 ( 1 ) 

   

    

B
Total Relevant Words

Total Words in Database of full Repository


 
    

 ( 2 ) 

   

   

Score
A B

A B

 

 
*

  

 ( 3 ) 

   

      (g)     Video Playback : A video containing the searched term can be played back from 
the frame attached with that particular term. Key frame that contains word is 
displayed as thumbnail. On clicking the thumbnail, the video playback starts 
from the instant where the searched term is spoken in the video. The frame rate 
of an MP4 video is 30 frames per second. For exact playback the exact frame 
number is required which is calculated using the speaking rate of the speaker. 
For playing videos, Microsoft Silverlight API is used.    

5        Results 

     (a)     Frame Gap : Frame gap is the difference between the actual video frame number 
in which the word is spoken and the frame number from which the video play-
back is started in the output. There is some difference or frame gap observed in 

  Fig. 3    Search result for term ‘tree’       
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the method used to attach frame to words. In some cases the gap is positive, 
signalling a frame hit, that is, the video started from an earlier point than when 
the query term is spoken, while in other cases, the frame gap is negative, signal-
ling a frame miss, that is, the video start playing from a later point of time. 
Fourteen queries shown in Table  2  have been considered for this experiment, 
and frame gap is calculated.

       (b)      Descriptive Statistics : Descriptive statistics quantitatively describes the main 
features of a collection. Some measures used commonly to describe data are 
mean, maximum, minimum, standard deviation and variance. The mean of data 
is the average of the values. It is the measure of the centre of distribution. The 
variance and standard deviation are both measures of the spread of the distribu-
tion about the mean. Standard deviation shows how much variation exists from 
the mean value which in our case is 32.23. Descriptive measures calculated for 
the frame gap is shown in Table  3 .
   In case of normal distribution of data, standard deviation should be near to 
mean. But in this data, there is a large difference between mean and standard 
deviation because of positive and negative frame gaps. To overcome this 
problem, frame gap is to be minimized; this can only be done by annotat-
ing a frame with an accurate word. The percentage of deviation of the actual 
frame has been calculated to fi nd how far the searched results from the ideal are 
(actual frame number). Maximum deviation is 31.07 and minimum deviation 

   Table 2    Frame gap for different query terms   

 Video title  Query keywords 
 Actual frame 
# 

 Played frame 
#  Frame gap 

 Introduction to data structure  Data structure  56  58  −2 
 Introduction to data structure  Algorithm  115  145  −30 
 Introduction to data structure  Array  1,087  1,015  72 
 Introduction to data structure  Running time  7,597  7,568  29 
 Introduction to data structure  Pseudo code  13,230  13,227  3 
 Introduction to data structure  Notation  287  243  44 
 Introduction to data structure  Insertion sort  25,650  25,633  17 
 Stacks  Algorithm  5,340  5,308  32 
 Stacks  Java virtual machine  690  638  52 
 Stacks  Abstract data type  270  261  9 
 Stacks  Stack  61  116  −55 
 Stacks  Dynamic set  6,750  6,742  8 
 Stacks  Interface exception  300  275  25 
 Stacks  Data structure  5,260  5,249  11 

  Table 3    Frame statistical 
descriptive measures  

 Mean  15.35 
 Standard deviation  32.23 
 Variance  1,038.86 
 Maximum  31.07 
 Minimum  0.01 
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is 0.01 in absolute value, showing that the results are not too far from actual 
frame and the results can be counted as fairly good.   

   (c)     Receiver Operating Characteristics (ROC) : To check the quality of the result, 
Receiver Operating Characteristic metric is used. For each threshold, two  values 
are calculated, True Positive (TP) Ratio (the number of those words which 
are actually in the transcript, but not detected by the algorithm) and the False 
Positive (FP) Ratio (the number of those words which are not present in the 
transcript, but have been detected by the algorithm). The main aim is to  minimize 
the false positive rate and increase the true positive rate:

    Sensitivity  is the ability to fi nd positive results. It is defi ned by equation:  

   

Se
TP

TP FN


    
     Specifi city  is the ability to fi nd negative results. It is also called selectivity:  

   

Sp
TN

TN FP


    

         Some data for ROC curve is shown in Fig.  4 . Using this data ROC curve is 
generated.

  Fig. 4    Partial data for ROC 
curve       
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   Figure  5  shows that during query phase the accuracy is 95 %. The area under 
ROC curve indicates the accuracy. If the area is 1, then it represents the perfect test 
and an area of .5 or less is useless test. Accuracy of the test can also be considered 
as point system like a range of .90−1 as excellent, .08−.09 as good, .70−.80 as fair, 
etc. The closer the curve is to the left and top borders, the more it is accurate. 
   A 45-degree diagonal is a random classifi er; if the curve is near diagonal, then the 
system is less accurate. The blue circle in Fig.  5  is the cut-off point which indicates 
that the accuracy of this lecture video retrieval system is 95 %.

6        Conclusion 

 The goal of video retrieval is to retrieve video that best matches the query. 
Information retrieval is a method in which the user is able to convert    his need for 
information into an actual list of videos. In this paper, a model for information 
retrieval based on keywords distribution in a video has been proposed. This system 
returns, as result, a list of videos, in which the keyword entered by the learner is 
spoken. Videos are ranked according to the keyword frequency. In each video of 
retrieved list, frame number is also mentioned where the word is spoken for the fi rst 
time. Link for each video is given; upon clicking the link, the video starts playing 
from the mentioned frame number. Frame gap is used for analysis of the system. 
It is found that the system gives the results with 95 % accuracy. The display of frame 
related to the spoken word reduces the considerable effort on the part of the user to 
search through the video.     
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    Abstract     The developing market economy of our country makes greater 
demands for engineering education. On the other hand, the training of student’s 
basic theories, concepts, knowledge, and basic skills must be strengthened; also 
the cultivation of innovative spirits and practical abilities should be carried out. 
It is required that while broadening specialist fi eld of engineering education, 
basic theories and fundamental qualities should be emphasized. This paper presents 
culture of learning by doing through incorporating mini project concept in small 
group of student at fi rst year engineering. It results to develop problem-solving 
and presentation skills, excellent team spirit, increase research skills, self-confi dence, 
attitudinal change, and sense of achievement in the students. An    example of mini 
project is also presented.  

  Keywords     Mini project   •   Experiential learning  

1         Introduction 

 The mini project is an assignment given in a group of 3–5 students, designed to 
help students to develop practical ability, hands-on experience, and knowledge 
about practical tool/techniques in order to solve real-life problems to the indus-
try, academic institutions, and community. An interdisciplinary approach and 
knowledge sharing culture will help in evolving more innovations. A culture of 
learning by doing something different makes a big difference to come out with 
new ideas [ 1 ,  2 ].  
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2     Scenario at RIT 

 Rajarambapu Institute of Technology, Rajaramnagar (RIT), established in 1983, 
private TEQIP funded an autonomous institute in Western Maharashtra offering 
various B.Tech and M.Tech programs in various streams of engineering and technology. 
The institute is committed to offer excellent academic environment conducive to 
overall development of students, faculty, as well as society.  

3     Mini Projects 

3.1     Establishment 

 The RIT model of Autonomy focuses on “Experiential learning which believes in 
learning by doing” [ 3 ]. This is achieved through hands-on experience, industrial 
assignments, mini projects, use of latest software, and live problem solving. RIT 
proactively initiated steps to transform teaching-learning process to make learning 
a joyful experience for students.  

3.2     Objectives 

 Mini projects have been incorporated in the curriculum of fi rst year engineering 
(F.Y. B.Tech) in order to enhance and utilize the high potential of the students and 
build positive attitude, which will help them in their social and technical life ahead. 
The mini project is designed to help students develop practical ability and knowl-
edge about practical tools/techniques in order to solve real-life problems related to 
the industry, academic institutions, and community. The course mini project is one 
that involves practical work for understanding and solving problems in the fi eld of 
technology [ 3 ,  4 ].

  Opportunities: [ 5 ] 

•   Engineering will be central to addressing global grand challenges.  
•   Experiential learning.  
•   Students need more than disciplinary knowledge to succeed: teamwork, com-

munication, customer awareness, project management, leadership, ethics, soci-
etal context, and professionalism.  

•   Have insight of interdisciplinary projects.  
•   Community involvement.  
•   Entrepreneurship development.     
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3.3     Implementation in Institute 

 The mini project was introduced in fi rst year B.Tech curriculum and was introduced 
with a 1-day workshop to explain its concept and applications with following 
guidelines. 

 Process of implementation and evaluation of mini projects:

    1.    Each division (66 students) will have a separate mini project coordinator with 
2 h workload.   

   2.    Mini project will be a team work, consisting of a minimum of 3 to maximum of 
5 students.   

   3.    Topic    selection should have applicability, social or technical; selection and fi nal-
ization will be through project guide/supervisor.   

   4.    Preparation of small project report as per guidelines.   
   5.    Project group must provide complete solution to the selected problem with con-

ceptual clarity.   
   6.    The project will be evaluated by respective branch HOD, project guide, and 

senior faculty in the department.   
   7.    The mini projects should be presented before the committee headed by dean 

academic/R&D, which shall evaluate for 100 marks.      

3.4     Present Status of Mini Projects 

3.4.1     Evaluation 

 Mini project is evaluated on the basis of novelty, fulfi llment of project objective, 
experiential learning, knowledge, practical utility, cost-effectiveness, and 
presentation. 

 Projects undertaken, titles: some of them are listed below.

 Sr. No  Mini projects 

 Automobile engineering 
 1  Car parking system model 
 2  Modifi cation in automotive safety belt 
 3  Pedal power generation 
 4  New life for plastic: as a fuel 
 5  Transparent I.C. engine model 
 6  Design and development of farm grass thresher 
 7  Development of electrically operated blackboard 

cleaning device 

 Electrical engineering 
 1  Development of single line diagram in RIT 

campus 
 2  Multiuser mobile charger 

(continued)
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 Sr. No  Mini projects 

 3  Clap switch on-off lamp 
 4  Fire alarm using IC-555 timer 
 5  Solar panel-based battery charger 

 Computer science and engineering 
 1  Web site design for CSE dept library 
 2  Web site for F.Y. B.Tech 
 3  Movie making and video tutorial using open 

source tools 

 Information technology 
 1  Creating web site using moodle for awareness 

among new comers 
 2  Numbering system using C language 
 3  Assembly and disassembly of computer system 
 4  Gas detection system 

 Electronics and telecommunication 
 1  Crystal radio 
 2  E-Jacket 
 3  Small windmill for generation of power 
 4  Short-circuit protection in D.C. low-voltage 

system 
 5  Electronic lock system 

 Civil engineering 
 1  Construction of windmill 
 2  Design of green building 
 3  Earthquake-resisting structures 
 4  Soil mapping 
 5  Automatic jaggery plant 
 6  Seismometer 

 Mechanical engineering 
 1  Lift mechanism to bookshop 
 2  Tunnel light control 
 3  Sugar factory data analysis for electricity 

consumption 
 4  Magnet gas saver 

3.5         Sample Example 

     1.    Department: Information Technology 
 Title of mini project: Creating web site using moodle for awareness among 

new comers 
 No of students: 05 (F.Y. B.Tech) 
 Description of the project: This web site is created by open source tool 

weekly.com. This web site provides help for fi rst year students who are new to 
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the college. It provides study material, the map of college, and laboratory 
 information of all departments in campus of RIT. 

 Conclusions 
 The students have learned open source tools to create web site. They very 

well learned to use moodle source.    
    2.    Department: Automobile Engineering 

 Title of mini project: Development of electrically operated blackboard clean-
ing device 

 No of students: 05 (F.Y. B.Tech) 
 Description of the project: This project aims to provide solution to the trouble 

caused by the chalk dust while cleaning the blackboard in the classroom. The 
chalk dust adversely affects the health of the instructor and nearby students in the 
class. A solution in the form of electrically operated blackboard cleaner, which 
uses wiper system mechanism, allows cleaning the board by staying away from 
the blackboard. The validation in terms of effective cleaning of board and the 
time it takes to clean the board has been made and recorded. An attempt has been 
made to limit the cost by using already available vehicle wiper mechanism. With 
some modifi cations, it has potential to be used on large-scale bases in rural 
schools and colleges to get rid of chalk dust.    

4        Benefi ts 

4.1     Gains to Students 

•     To help them develop the art of thinking, learning, problem-solving, and presenta-
tion skills, this will be a constant asset for them throughout their professional career.  

•   Excellent team spirit is inculcated which is necessary for smooth functioning of 
organization.  

•   Self-development, self-confi dence through problem-solving ability, attitudinal 
change, and sense of achievement.  

•   To generate innovation and research skill set among scholars. Students tend to 
become creative and not remain parrot-like mugging up.  

•   Students will be able to write project reports, analyze case studies, give presenta-
tions, show their abilities, and make decisions based on the fi ndings.  

•   Students    will be able to plan and organize tasks, able to work as a team, and able 
to do more challenging tasks.     

4.2     Gains to Faculty Advisor 

 Faculty advisor through mini project supervisors gets an opportunity to contribute 
concretely towards the goals and missions of the institute. Many creative models, 
teaching techniques, and learning resources have been developed through mini projects. 
It has led to attitudinal change and HRD leading to knowledge enhancement.  
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4.3     Gains to Institute 

 For any institute, goodwill and satisfaction of students is vital. And it is possible 
only when high-quality inputs to academics are provided. Academics are not limited 
to classroom teaching, it goes beyond that, often called experiential learning.   

5     Conclusion 

 Students learn a lot of many things through mini projects and get opportunities to 
express themselves. Not only the students are the benefi ciary, but other stakeholders 
like faculty, community, and the institution also benefi t in the overall process. Hence 
in the wider perspective, these types of activities should be promoted in technical 
institutions of centers offering professional education.     
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    Abstract     Collaboration between industry and academia can happen at various levels. 
It is for mutual benefi t and can make meaningful contribution to the society. Interaction 
can happen for various reasons including curriculum design and development, training 
and skill development, basic and applied research, technology development and 
transfer. This paper discusses the efforts made by NMAM Institute of Technology, 
Nitte, an autonomous Institution    to utilize this interaction in order to cover some 
of these areas and thereby enhance the teaching–learning experience of students and 
teachers and contribute to overall growth and development of the Institution.  

  Keywords     Institution   •   Industry   •   Interaction   •   Teaching–learning  

1         Introduction 

 Technical education is critical to the development of a nation. Industrial development 
has been attributed to the contributions from technical manpower. In the context of 
this globalized economy, where the focus is on knowledge, students must develop 
necessary skills such as familiarity with cutting-edge technology, problem solving, 
critical thinking and collaboration [ 1 ]. In spite of the recent global recession, the need 
for skilled manpower is increasing. There has been a slowdown in the recruitment 
process by industries, but in the near future as the global economy recovers, there 
are chances of improvement in the recruitment by industries. 

 The industry–academia interaction has undergone a paradigm shift, ever since its 
inception. The phenomenon of globalization has brought about a signifi cant change 
in the higher education system. UNESCO has said that compatibility between higher 
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education policy and industrial development policy is crucial for the techno- economic 
well-being of a nation. Industries have played a limited role in the development of 
technical education. It includes to a limited extent involvement in formulating 
curriculum at the universities by including a few people from industries in the board 
of studies, encouraging students for industrial training, limited consultancy projects 
offered to the faculty, etc. [ 2 ]. Advances in science and technology are another 
factor, which has increased the need for this interaction. Also industries are looking 
at graduates who are readily employable with lesser time spent on their training. 
Thus, the importance of this interaction need not be overemphasized. 

 In this regard, the author’s Institution has taken up several initiatives for starting 
these interactions and also to take it to higher levels in different departments. The 
initial experience of these interactions has been very encouraging and has been 
mutually benefi cial. This paper tries to discuss some of the initiatives taken by 
different departments and suggests some measures to strengthen it further.  

2     Need for Academia–Industry Interaction 

 The technical manpower required by the industries is provided by the Institutions. 
In this context, a need has been felt to have this interaction at different levels. In the 
initial years of the growth and development of technical education, this interaction 
has been restricted mainly to the placement of students. The number of students 
enrolling in technical Institutions is growing by the year. Rapid developments are 
happening in the area of technology, which is transforming every possible domain. 
Thus there is a need for strong partnerships between academic institutions and the 
industry. These will help educate and prepare students to be future-ready and accel-
erate innovations in the fi eld of science and technology propelling inventions and 
discovery of new materials, products and processes, resulting breakthroughs that 
would help build new industries. There are immense possibilities of linkages in 
several areas including placements, curriculum redesign, teacher reorientation, 
affi liated science and technology parks and joint research, taking the outcome of 
research to the market. Accordingly AICTE, New Delhi, in collaboration with the 
Confederation of Indian Industry (CII) conducted a survey of engineering Institutions 
in the country in 2012, with assistance from PricewaterhouseCoopers    Pvt. Ltd. The 
fi ndings have been very encouraging, with more than 63 % of the Institutions (other 
than the IITs) having different levels of interaction with industries [ 3 ].  

3     Issues Affecting This Interaction 

 Some of the major issues affecting this interaction include the ‘compartmentalization’ 
of thinking by both the industries and institutions. Industries feel their job is only 
to recruit students and they need them ready to be placed on the job immediately, 
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whereas Institutions focus only on providing the students with basic technical 
knowledge, as per the curriculum, without bothering about its effectiveness and 
utility. According to PharmaQuest, some of the causes for poor and not so effective 
interactions are:

•    Lack of interest from both sides.  
•   Curriculum outdated and not job oriented.  
•   University examination system puts emphasis on the reproduction of memorized 

facts, rather than any learning.  
•   Obsolete lab facilities do not attract industry to interact with the institute.  
•   Lack of awareness in Institutions to have this interaction at different levels and 

no proper support from the management/government.  
•   Rigidity of rules and regulations and lack of autonomy.  
•   Goals and objectives of education system and the industrial system do not 

match fully.  
•   Both have not realized the potential of this interaction and its mutual benefi ts [ 4 ].     

4     Levels of Academia–Industry Interaction 

 Industry–academia interaction has been going on at different levels for the past 
several years and includes industrial extension services, cooperative education, 
equipment donation, exchange of personnel and collaborative research programmes. 
And these interactions have benefi ted the industry, institute and society in general. 
According to Pai et al. [ 2 ], this interaction can occur at three levels, which can be 
identifi ed as:

•    Level 1, low or primitive level – This includes students visiting industries for 
training or to get some exposure through industrial visits and industries visiting 
institutes to recruit people to fulfi l the shortage of skilled, technical manpower. 
Other interactions that can happen at this level are encouraging students to 
undertake their project work on live industrial problems by supporting them in 
terms of providing facilities, donating old equipments to the institute for their use 
and also for enhancing the knowledge of their acquired theoretical skills.  

•   Level 2, medium level – This is a higher level of interaction, which mainly 
involves encouraging teachers to visit industries to get a feel of the theoretical 
subjects they teach and undergo some kind of training. Experts from industries 
can be invited for some lectures, seminars for students, in order to share their 
expertise and knowledge with the students. Continuing education programmes 
(CEP) for people from industries could be organized by Institutions, in order to 
help them gain up-to-date knowledge on theoretical concepts.  

•   Level 3, high level – This can be considered as the highest level of interaction, 
wherein industries and institutes are involved in each other’s activities at various 
levels in order to increase and improve the collaboration for developing the skilled, 
technical manpower. There are different    avenues for interaction at this level 
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which include curriculum development, research and development, upgradation 
of knowledge and skills on a continuous basis, producing patents, lifelong learning, 
encouragement of innovation and conversion of ideas into technologically viable 
products or solution and involvement through representation of both groups at 
the government policy level in order to evolve a proper policy framework which 
is conducive for these interactions.     

5     Initiatives for These Interaction and Associated Issues 

 NMAMIT, which is an autonomous Institution under the affi liating university 
Visvesvaraya Technological University, Belgaum, has lot of scope for industry–
institute interaction. The interactions are happening at the department level and are 
helping the Institution in improving the teaching–learning process and provide a 
different experience to the teachers and students. Some areas where interactions 
are happening include curriculum design and development, introduction of new 
industry- focused electives, faculty and student training, projects for students, 
additional courses and certifi cations for students to increase their employability and 
basic and applied R&D. 

 This section presents the different initiatives taken by some of the departments:

    1.    Computer Science and Information Science Department

    (a)    EMC Corporation – The department has established partnership with EMC 
Corporation, USA, in the area of Storage Technology. This partnership 
started with the introduction of an elective course on Storage Technology. 
Further ‘Train the Trainer’ training course was conducted for the faculty of 
the department. To further this interaction, an International Conference and 
Symposium on Storage Technologies was conducted in December 2008, in 
which EMC’s Global Vice President for Education Services participated. EMC 
has provided NAS boxes for students and faculty to work on storage- related 
areas. Students of this department write certifi cation programmes, which are 
benefi cial to their future career, for which necessary assistance is provided 
by EMC. Thus, this partnership has provided ‘early move advantage’ to the 
students, thereby providing an edge over other students, be it in training or 
placements. In fact NMAMIT has been one of the earliest partners with 
EMC and thus has gained an early advantage.   

   (b)    Infosys – Campus Connect is an industry–academia partnership initiative 
which started in 2004. NMAMIT was one of the Institutions which took the 
early lead and became a Campus Connect Partner, almost 8 years ago. Some 
of the initiatives undertaken under this include offering an industry-focused 
elective ‘Essentials of IT’, which is to be compulsorily taken by the Infosys 
placed non-IT students but which can be taken by other students also. 
In addition to this, Infosys has designed the curriculum of an elective called 
‘Industrial Aircraft Design’, which has been offered to the mechanical 
engineering students, which is designed in two parts and offered in VIth 
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and VIIth semester, which has been appreciated by the students and which 
is taken by them almost regularly. Faculty who are supposed to handle this 
elective are rigorously trained at its training centre at Mysore. Thus, this 
initiative has been a ‘win-win’ situation helping the Institution in obtaining 
necessary learning resources and training skills, which prepare the faculty to 
train the students and make them industry-ready and to help the industry in 
getting ‘employable graduates’, reducing the time spent on their training and 
making them immediately available to be put on job.   

   (c)    INTEL – Through Foundation for Innovative and Collaborative Education 
(FICE), it has started Intel Embedded Lab using ATOM processor. The 
necessary infrastructure was created by the company and has also provided 
the necessary funding and kits, which helps in training students and also in 
their project work. The content of the Embedded system course, which was 
already being offered, was suitably modifi ed to suit the new lab requirements. 
Two students from the Institution underwent their training at IISc, Bangalore. 
The students working in this lab have presented their research work at the 
Intel Asia Conference held at Malaysia and also at the Intel India Conference 
recently held at Goa.   

   (d)    SPAN Infosystems – The engineers of this company have designed a course 
entitled ‘Essentials of IT Industry’ and have been offering it as an open 
elective. The conduction of classes, evaluation and grading of performance 
of the students is done entirely by the engineers of the company.   

   (e)    IBM – IBM India has set up its Centre of Excellence (COE) in the Institution, 
and every year about 80–100 students get certifi ed in IBM technologies 
without any additional fee. Recently the Institution and IBM signed a 
memorandum of understanding (MOU), according to which all the Computer 
Science and Engineering undergraduate students have to undergo specialized 
credit-based courses starting from Ist to VIIth semester in one of the 
following specializations, namely, Cloud Computing, Healthcare Informatics 
and Business Analytics and Optimization.   

   (f)    NVIDIA has set up a CUDA development centre in the Institution, through 
which interested students get trained on CPU–GPU programming.   

   (g)    The Institution is a Microsoft Ed-vantage programme member at platinum 
level and is in the process of setting up a Microsoft Innovation Centre.   

   (h)    Three faculty members underwent training for 15 days at Robosoft 
Technologies, Udupi, on mobile application development. These faculty are 
now handling this subject. This is a lab-oriented course wherein the experts 
from Robosoft Technologies assist the trained faculty members in evaluating 
the student’s projects done in this area of specialization.       

   2.    Electronics and Communication Department - WIPRO – WIPRO offers a train-
ing programme called Mission 10X, and NMAMIT took the initiative and pro-
vided necessary support for the conduct of this training programme for all the 
faculty of the Institution. During the year 2012–2013, Mission10X collaborated 
with 25 engineering colleges across India and established Mission10X 
Technology Learning Centres (MTLC) that house the UTLPs. The inaugura-
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tion of all the 25 centres was completed in the month of March 2013, and 
NMAMIT is one of them. This lab is housed in the department and has Embedded 
ARM processors and offers project work to undergraduate students from E&C 
and Computer and Information Science students.   

   3.    MCA department – The MCA department has been very active with regard to 
industry–institute interaction. For the last several years, it has been actively 
engaged with several industries like HP Technologies, SonicWALL, Sourcebits, 
etc. Recently it has started taking real-time industry projects, with deadlines. 
Regular monitoring of the progress is done through teleconferencing. TTH 
Ahmedabad has opened their development centre in the campus, in which the 
students work on projects under supervision of their employees and the depart-
ment faculty.   

   4.    Electrical and Electronics department – The department has been actively involving 
itself with industries, with a few faculty working part time in industries, which is 
an added advantage. Last year the department worked on a sponsored project 
from Digital Circuits, Bangalore, regarding the development of a maximum 
power point tracking for solar systems.   

   5.    Mechanical department – The department has been active in research with many 
sponsored research projects, with its outcomes being relevant to industries working 
in areas like MEMS, machining, condition monitoring, alternative fuels for IC 
engines, etc. Many projects are taken up by students, which are benefi cial to 
local industries like food, bakers and confectioners, agriculture, irrigation, etc.   

   6.    Biotechnology department – The department has the highest funding from several 
funding agencies in the Institution and has been collaborating with several indus-
tries with regard to research, internship to students and framing of curriculum for 
new PG courses, with people from leading industries being members of several 
advisory bodies and board of studies.   

   7.    Civil department – The department provides consultancy and testing services to 
several government and private sector organizations and government departments 
in the areas of soil stabilization, remote sensing and GIS applications, water 
resources management, ground improvement techniques, etc. It has collaborated 
with several organizations including M/s CADD centre in Mangalore, in providing 
training to students and helping in placements.     

5.1     Issues Identifi ed 

 Institutes must design their curriculum in line with industry requirements, at least by 
offering elective subjects. By this more and more industries may come forward to 
assist the institutes in delivering the subject contents at the institute premise itself. In 
a non autonomous institute, it is quite diffi cult to do these changes, whereas in case 
of autonomous institutes, these changes can be introduced very easily and newer 
electives can be offered as and when required in the curriculum. As far as other levels 
of interaction are concerned, concrete outcomes need to be shown in terms of 
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successful implementation of projects or consultancy offered and improved student 
performance in projects and placements. There should be fruitful interactions with 
faculty resulting in meaningful outcomes at both ends. By this, interactions at  different 
levels can be further strengthened for mutual benefi ts.   

6     Benefi ts Obtained and Looking Forward 

 The current status of industry–academia interaction at NMAMIT is very encouraging 
and shows a lot of potential for further interaction. Based on the levels of interaction 
discussed previously, NMAMIT has had interaction at all the three levels, which 
shows the maturity of these interactions. The efforts have helped the Institution 
and interacting industries in terms of providing current curriculum to the students, 
providing additional training and skills to enhance their employability, providing 
additional training to the faculty and supporting their R&D activities and pro-
viding readily employable students to the industries. This interaction has further 
strengthened the efforts of the faculty in getting signifi cant research funding 
from government funding agencies and also from many leading industries and 
organizations. There has been a signifi cant increase in publications in leading inter-
national journal and conference proceedings. Additional benefi t of these interactions 
has been in community development, helping local students and industries, from the 
knowledge gained through these interactions. Signifi cant intellectual property has 
been generated both by the institution and industries helping in the development of 
future technology. 

 The departments have to pursue this more rigorously by actively involving the 
students and faculty. The management of the Institution has been supporting these 
efforts by providing necessary infrastructural facilities and fi nancial support for the 
initiatives and rewarding the faculty and students by ensuring a fl exible and motivat-
ing work environment. Some more support from the management will defi nitely 
strengthen these initiatives and help in reaping the true benefi ts of this interaction. 
Implementation models of leading universities of the world can be considered as 
benchmarks to achieve excellence in this interaction.  

7     Conclusion 

 This paper provides an overview about the current status of industry partnerships 
with different departments for promoting effective teaching and learning experience 
to students of NMAMIT. The efforts have been mutually rewarding to both the 
Institution and interacting industries, with signifi cant improvements in curriculum, 
training inputs, project work, R&D outputs, publications/patents and placements, to 
both students and faculty. Overall there has been increase in intellectual outputs, 
which will contribute to the overall growth and development of the Institution.     
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    Abstract     Advanced Computer Architecture is a core subject of the B.Tech course 
in Computer Engineering in Delhi University, taught during the sixth semester. The 
subject is a conundrum of concepts derived from various subdisciplines of computer 
science such as computer organization and architecture, networks, parallel process-
ing, operating systems and algorithms. The pedagogical method adopted in the 
classroom to impart knowledge on this subject is therefore as vital as is the content, 
its delivery and the use of practical tools. This paper analyses the impact of using 
the proposed overlapped concepts methodology for teaching ACA, on students’ 
learning experience. The aim is to enhance the understanding of complex scenarios 
involving multiple concepts, evaluate alternative solutions and design systems – an 
essential graduate attribute. The analysis indicates that the technique of seeding 
relevant fragments of a set of related concepts within the larger context of a base 
concept currently being focused on sharpens the cognitive ability to identify link-
ages between concepts, helps build complex scenarios and triggers ideation.  

  Keywords     Computer Engineering education   •   Computer Architecture   •   Overlapped 
concepts   •   Pedagogical methods  

1         Introduction 

 With the inclusion of multiple processor cores within the same chip, parallel 
 processing has become an integral part of desktop computing. It has added a whole 
new dimension to the way modern applications are being developed. This architec-
tural advancement, coupled with different fl avours of distributed computing such as 
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cluster, grid and cloud computing, has spurred a renewed interest among students to 
grasp the  theoretical intricacies of Advanced Computer Architectures (ACA). The 
fi rst four graduate attributes in outcome-based education underline the importance 
of investigating complex problems, analyse various aspects and design viable solu-
tions [ 1 ]. In this paper, we propose and evaluate the overlapped concepts methodol-
ogy for the classroom teaching of ACA with the objective of raising the levels of 
these attributes.  

2     Related Work and Motivation 

 Etienne Riviera illustrates the use of SPLAY, a distributed system evaluation frame-
work to spur hands-on experience of students [ 2 ]. Orsega et al. report that the learning 
rates achieved by using a data structure learning tool Sketchmate with feedback are 
better than that achieved by using the conventional paper-and-pencil method [ 3 ]. 
Richard Vuduc et al. report on how exit surveys have helped them in redesigning the 
undergraduate entry-level course on high-performance computing [ 4 ]. In [ 5 ], Francisco 
Javier de Hoyos describes a wide spectrum of computing platforms, development 
toolkits, algorithms and teaching methods that aid in teaching distributed systems. 

 The appropriate classroom pedagogical aspect of teaching ACA has not yet been 
adequately investigated. ACA emanates from the confl uence of several core com-
puter science concepts including computer organization, networks, task scheduling, 
compiler-driven and hardware-enabled dynamic code optimizations, parallel algo-
rithms and operating systems. There is an urgent need to mull upon the methods that 
can be adopted to highlight the complex relationships between the numerous param-
eters that govern the overall working of high-performance computer systems. Some 
books give an overview of several concepts right in the fi rst chapter and then expand 
each one of them in subsequent chapters such as in [ 6 ]. However, this approach is 
largely infeasible for a subject rife with weighty interconnected concepts such as 
ACA. If a potpourri of high-level concepts is given right in the beginning, it may 
lead to the students’ interest drying up at the initial stages itself. 

 The limitation of books can be overcome by adopting an appropriate pedagogical 
technique for classroom teaching. Models that use variations of overlapping con-
cepts have been used successfully by educators for designing curriculums [ 7 ]. We 
develop a model based on overlapped concepts for improving the effectiveness of 
the teaching learning process in ACA.  

3     Overlapped Concepts Pedagogy 

 We adopted the following set of techniques under the umbrella of overlapped con-
cepts methodology to teach the subject of ACA to VI semester students of 
B.E. Computer Engineering at Netaji Subhas Institute of Technology, Delhi 
University, during the even semester of two consecutive years 2012 and 2013. 
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3.1     Overlapped Concepts 

 The subject is a constellation of concepts. Each concept is a collection of artefacts 
such as models, examples, algorithms and explanations. One specifi c major concept 
is expounded upon as the main theme during any given time frame, providing a fi rm 
ground upon which related concepts can germinate. Concepts are patterned in an 
overlapped manner. A relevant portion of another related concept, which is scheduled 
to be explained in detail later during the course, is deliberately brought into the pur-
view and explained enough to highlight its relevance to the current theme. This was 
done by carefully constructing problem scenarios involving multiple concepts. The 
aim is to establish the interrelationships between concepts. More than one interrelated 
concept may be brought in within the scope of discussion in this manner. The newly 
introduced topics are revisited later when they in turn are treated as the central theme. 
The interrelationships that were revealed earlier are emphasized once again at that 
time. Simultaneously, fresh conceptual connections are introduced. In this manner a 
chain of overlapping concepts link together a series of classroom discussions.  

3.2     Scenario Building 

 The technique requires careful planning to construct scenarios that entail consider-
ation of related quality issues and the application of multiple concepts to solve 
them. To illustrate, let us take a case study involving two architectures: vector pro-
cessors and SIMD processors. They represent parallelism along orthogonal dimen-
sions; while vector processing taps temporal parallelism, SIMD processors use 
spatial parallelism. Both have common grounds in that they handle array process-
ing. They also work together in tandem to create new parallel architectures such as 
an array of vector processors. Coming into play here is the role of compiler optimi-
zation for nested arrays. In an endeavour to speed up execution of nested loops, 
should inner loop be vectorized and outer loop be parallelized? Or is it more benefi -
cial to parallelize the inner loop and vectorize the outer one? A solution to this issue 
should also take into consideration a proper tuning between hardware and software 
and a well-planned data organization in the memory subsystem. Students are 
encouraged to build alternative solutions for different applications. These scenarios 
paint a complete picture where students understand how different architectural 
approaches spanning related concepts can solve the same problem for different situ-
ations and applications.  

3.3     Quiz Rotary 

 A small time duration of 5–10 min is allocated at the beginning of each and every 
class to conduct an oral quiz. The quiz included simple and direct questions meant 
to reenforce the linkages between the concepts that had been discussed in previous 
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classes. Instead of the traditional approach whereby oral quiz questions are thrown 
open to the entire class, students are given a chance to answer questions on a turn by 
turn basis. This allows a few students to be quizzed during each period due to time 
constraints. However, over a period of time, everyone gets an equal opportunity to 
provide or to refi ne answers. We generally followed this pattern interspersed with 
some open questions, thereby allowing everyone to be involved.   

4     Evaluation 

 Table  1  below shows the questionnaire prepared for the purpose of our survey.  
 The questionnaire was designed to elicit response from students on different 

aspects of their learning experience during the course. The questionnaire and stu-
dent responses are reproduced in Table  1 . It includes seven psychometric questions 
based on fi ve-point Likert scales, one multiple-choice question and one descriptive 
question seeking the responder’s overall learning experience. The questionnaire was 
given to the students during the last class of the semester. Forty-four students in the 
batch of 2012 and 54 students in the batch of 2013 participated in the feedback 
exercise to give a total of 98 responses that were consolidated. 

 In response to Q1, two thirds of the students agreed that an appropriate pedagogi-
cal method has a signifi cant impact on learning a subject like ACA. This sets a posi-
tive tone for evaluating its impact on different aspects of the learning process. The 
response to Q2 shows that 63 % of the students felt that their quality of learning 
improved as a result of the overlapped concepts pedagogy. However, about one 
fourth of the students remained neutral on this aspect, while 12 % of the students felt 
a reduced quality of learning. What emerged from a perusal of the students’ descrip-
tive answers is that as the course progressed, things became clearer, everything fell 
in place and students were able to absorb from a bigger arena of interrelated con-
cepts with greater ease. The main cause of setbacks in learning in some cases arose 
when students missed classes at times and found it very diffi cult to remain in sync 
with the gradual progression from one concept to another. 

 Q3 probes an important aspect of the proposed method: its impact on lateral and 
creative thinking. The response is very encouraging: it shows that 16 % of the 
 students who found that it gave an impetus to their creative thinking frequently, 
35 % of the students expressed that this happened often and 37 % chose ‘some-
times’. An examination of the descriptive answers to Q9 revealed that the complex 
scenarios presented to the students for solving pushed them to apply alternative 
solutions creatively and weigh the consequences of each. 12 % of the students in 
categories 1 (never) and 2 (rarely) found the simultaneous discussion of several 
related concepts diffi cult to grasp. 

 Q4 concerns itself with the trade-off between the breadth and the depth of coverage 
that is possible with overlapped concepts. Its response question refl ects the fl ip side 
of this approach – a major 73 % of the students felt that the depth of coverage for 
individual topics in the classroom was inadequate as a result of the time devoted to 
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clarifying the linkages between concepts. Q5 collates students’ response to an 
important support activity of our scheme: oral quiz. Its response shows that 45 % of 
the students felt that regular oral quiz sessions conducted at the beginning of each 

    Table 1    Questionnaire on impact of overlapped concepts pedagogy and response   

 Option-1  Option-2  Option-3  Option-4  Option-5  Parameters 

  (Q1) To what extent do you think the pedagogical style for teaching the subject of 
ACA is at all relevant?  

 Median: 4 
 Mode: 4 

 Completely 
irrelevant: 
4 % 

 Somewhat 
irrelevant: 
8 % 

 Neither 
irrelevant 
nor 
relevant: 
20 % 

 Quite relevant: 
55 % 

 Completely 
relevant: 
13 % 

 Interquartile 
range: 1 

  (Q2) To what extent did the overlapped and interwoven discussion of topics affect 
the quality of your learning of the subject ACA? It:  

 Median: 4 
 Mode: 4 

 Reduced 
signifi cantly: 
2 % 

 Reduced: 
11 % 

 Neither 
reduced nor 
increased: 
24 % 

 Increased: 48 %  Increased 
markedly: 
15 % 

 Interquartile 
range: 1 

  (Q3) How often do you think that the concurrent discussion of related topics help 
in lateral and creative thinking?  

 Median: 4 
 Mode: 3 

 Never: 5 %  Rarely: 7 %  Sometimes: 
37 % 

 Often: 35 %  Frequently: 
16 % 

 Interquartile 
range: 1 

  (Q4) To what extent do you agree with the statement: the overlapped discussion of 
topics clarifi ed the linkages between topics at the cost of understanding the 
depth of coverage of individual topics?  

 Median: 4 
 Mode: 4 

 Strongly 
disagree: 
3 % 

 Disagree: 
11 % 

 Neither agree 
nor 
disagree: 
13 % 

 Agree: 44 %  Strongly 
agree: 
29 % 

 Interquartile 
range: 2 

  (Q5) To what extent did the regular oral quizzes conducted in the class strengthen 
your understanding of the linkages between concepts?  

 Median: 3 
 Mode: 4 

 Did not 
strengthen at 
all: 5 % 

 Strengthen 
slightly: 
22 % 

 Strengthen 
moderately: 
28 % 

 Strengthen 
appreciably: 
35 % 

 Strengthen 
fully: 
10 % 

 Interquartile 
range: 2 

  (Q6) How often did the overlapped concepts method propel you to do exploratory 
study besides consulting textbooks?  

 Median: 3 
 Mode: 3 

 Never: 8 %  Rarely: 18 %  Sometimes: 
35 % 

 Often: 31 %  Regularly: 
8 % 

 Interquartile 
range: 2 

  (Q7) How often did you feel the need to engage in peer discussions in order to 
solve the complex and multi-concept parallel processing scenarios?  

 Median: 4 
 Mode: 4 

 Never: 3 %  Rarely: 5 %  Sometimes: 
22 % 

 Often: 43 %  Regularly: 
27 % 

 Interquartile 
range: 2 

 ( Q8 )  What should be the number of related concepts discussed at a time  
  a. Strictly sequential, one concept at a time: 15 % 
  b. Two concepts at a time: 30 % 
  c. Three or more topics at a time: 17 % 
  d. As the course progresses, the number of topics can be increased gradually: 38 % 
 ( Q9 )  Give a brief write up about your overall learning experience during the ACA course  
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period signifi cantly strengthened their understanding of the linkages between 
 concepts either fully or appreciably. Another 28 % stated that their understanding 
improved moderately as a result of these. Many students qualifi ed this in their 
descriptive answers. Regular quizzes primarily helped them to remain attentive in 
class and motivated them to revise the correlations between related concepts. 

 Q6 probes whether the students were motivated to carry out exploratory study 
to further their understanding. An interquartile range of 2 refl ects a wide spread 
in the response. 35 % of the students referred extra sources only sometimes, and 
39 % of the students studied from alternative sources regularly or often, while 
26 % of the students did so rarely or never. The next question, Q7 investigates 
how often the students engaged in peer group discussions in or outside class in 
order to solve complex scenarios in parallel processing. The results refl ect a very 
encouraging aspect of this method – the boost to collaborative learning. As many 
as 70 % of the students said that it led them to discuss among peers regularly or 
often. Even among the remaining students, 22 % did engage in peer discussions 
sometimes. This instructor has been teaching the subject for quite a while and 
found the level of discussion between teacher and students as well as among 
students themselves in the class to be greater and more enthusiastic than earlier. 
Q8 seeks to fi nd out how many concepts can be comfortably taken up concur-
rently. Interestingly, the mode category (with 38 % students) represented the 
approach to start with few topics and gradually increase the number of topics as 
the course progresses. A relatively small proportion of students (15 %) still advo-
cated the traditional sequential treatment of individual concepts. Among others, 
most students (30 %) were comfortable with a maximum of two concepts taken 
concurrently.  

5     Conclusion 

 At this point it is pertinent to revisit some of the responses and look for 
improvements. 

5.1     Channel Curiosity 

 Many students reported getting distracted in the initial stages of the course due to 
the inclusion of multiple concepts. This initial discomfi ture can indeed act as a 
catalyst to questioning and triggers curiosity – an essential component of learning. 
If the teacher capitalizes on this initial trigger by encouraging students to fi eld 
queries and engage in peer discussions, a whole new process of enjoyable learning 
can ensue.  
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5.2     Tackle the Depth Aspect 

 The survey brings to surface a negative effect of this teaching method and raises a 
question on how to cope with the depth angle. The boost to self-learning and 
 collaborative learning that this method triggers can be tapped to induce students to 
study specifi c topics in-depth. We conducted a successful experiment in which 
 competing teams were made to prepare technical cum business proposals to solve 
specifi c problems in parallel processing. This endeavour saw enthusiastic participa-
tion from both toppers and relatively weaker students alike. 

 To conclude, the overlapped concepts method provides fertile ground for  creative 
ideation. Mastery of the subject of ACA requires a sound understanding of the 
 synergy between apparently disparate topics that is diffi cult to capture in books. By 
seeding new concepts within the context of base concepts, students are motivated to 
construct complex scenarios and seek solutions through peer discussions. 
Conducting oral quiz on a rotatory basis plays a signifi cant role in helping students 
revise new concepts and remain alert and well prepared in class. The proposed 
pedagogical approach thus initiates a high-quality exploratory and collaborative 
learning process.      
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    Abstract     Today’s global world of education requires that current learning practices 
have to be revolutionized to challenge the traditional system of learning. There is a 
passion for the establishment of intelligent environment to radically transform our 
society to enable the different kinds of learners. Intelligent learning environment 
refers to a category of educational software in which the learner is ‘put’ into a prob-
lem-solving situation. This learning environment is quite different from traditional 
courseware which is based on sequential teaching and evaluation based on sequence 
of questions and answers. 

 This paper focuses on showcasing the use of modern tool, LabVIEW TM , that can 
help to make a difference to teaching and learning experiences, by enriching the 
learning process. LabVIEW TM  tool provides a quantitative, time-based simulation 
environment as well as real-time implementations, where students formulate a 
solution to a given problem and get feedback on how well a solution works. They 
can ‘see’ (visualize) the things happening and understand the concepts better. The 
simulation is a realistic visualization and animation of a mathematical problem. As 
we know, a visual type of learning provides powerful results for better learning, 
and the use of this tool has proven better results. In this paper, the use of this tool 
in teaching the course Virtual Instrumentation and concepts of digital signal pro-
cessing C++ has been discussed. Better learning by students has refl ected in their 
performance in exams as well as projects. This lays a foundation for active learning 
and smart class approach.  
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1         Introduction: Active Learning 

 Today’s global world of education is learner-centric as learners are of different 
kinds. Learning is most effective when it takes place as a collaborative rather than 
an isolated activity and when it takes place in a context relevant to the learner. 

 Gardner describes eight different kinds of intelligence:

    1.     Visual : good with art and design   
   2.     Linguistic : good with words   
   3.     Logical : good with numbers and math   
   4.     Bodily : good at action, movement and sports   
   5.     Musical : good with music, tone and rhythm   
   6.     Interpersonal : good at communicating with others   
   7.     Intrapersonal : good at self-refl ection   
   8.     Naturalistic : good at appreciating the world and nature [ 4 ]     

 Conventional blackboard teaching may help linguistic and logical type of learn-
ers which covers approximately 25 % of learners. Ambient learning environment 
has to be created for active learning from all different kinds of learners, where the 
learning content must be adapted to the dynamic nature of their learning needs. 
Advances in recent software tools have facilitated learners for active learning in the 
classroom and also to continue their learning outside their classrooms, when and 
where they desire. The main objective of ambient learning is to provide a pragmatic, 
easy-to-use personal learning environment that is being adapted to individual needs 
and to high-quality learning material. Learners are provided with contextualized 
learning resources – a SMART classroom approach. 

 SMART classroom facilitates visual and kinaesthetic type of learners, thus covering 
almost 80 % of learners, developing creativity, analytic thinking, intuitive thinking, 
refl ective thinking and experimentation – the key foundations for productivity and eco-
nomic growth. It also helps in lesson creation, classroom management and student 
assessment. It reduces the time in setting up classroom technology, enabling greater 
focus on teaching and learning. Here, we have discussed how SMART classroom 
approach and the use of LabVIEW TM  software tool have helped in the enhancement of 
learning. This approach has been used in teaching ‘Virtual Instrumentation’, a three-
credit course for 8th semester Instrumentation Technology students. The course proj-
ects designed for this course and the projects that have won prizes show that this tool 
can be effectively used in teaching the concepts of digital signal processing, C++, 
Control Engg., Automation in process control and many other relevant courses [ 1 – 3 ].  

2     What Is LabVIEW TM ? 

 LabVIEW TM  (Laboratory Virtual Instrument Engineering Workbench) is a graphical 
programming environment, which is a powerful and versatile analysis and instru-
mentation software system for measurement and automation. LabVIEW TM  consists 
of two main windows:
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    1.    Front panel – Consists of controls and indicators used to design the front panel 
as per user requirement.   

   2.    Block diagram – The block diagram consists of executable icons called nodes 
and wires and the programmes are called Virtual Instruments (VI). The block 
diagram is the source code for the VI. LabVIEW TM  contains a comprehensive set 
of VIs and functions for acquiring, analysing, displaying and storing data as well 
as tools to help for troubleshooting.      

3     LabVIEW TM  Features 

  Hardware Implementation   LabVIEW TM  is used for simulation as well as real-
time implementation (with the help of interfacing cards) unlike MATLAB which is 
more preferred only for simulation.  

  Drag and Drop Functions   It has got thousands of drag and drop, highly interactive 
built-in library functions which help for easy creation and modifi cation of VIs.  

  Testing and Verifi cation   It is a powerful tool which helps for design, simulation 
and analysis of a system/component before the real-time implementation of the 
same.  

  Flexibility and Scalability   Engineers and scientists have needs and requirements 
that can change rapidly. LabVIEW TM  provides extensible solutions to design open 
framework that seamlessly integrates software and hardware.  

  Multiplatform   LabVIEW TM  works on various platforms like Mac OS, Sun Solaris 
and Linux.  

  Visualization Capabilities   LabVIEW TM  includes a wide array of built-in visualization 
tools to present data such as charts, graphs and 2D and 3D visualization. Any changes 
in data presentation, such as colours, graph types and size can be easily done.  

  Connectivity and Instrument Control   There are ready-to-use libraries for 
integrating stand-alone instruments, data acquisition devices, motion control and vision 
product, GPIB and RS232 devices and even PLCs to build a complete measurement 
and automation solution [ 5 ].  
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  Applications of LabVIEW TM    Engineers and scientists use the LabVIEW TM  
graphical system design as a platform to meet a wide range of application challenges.  

  Data Acquisition   High-speed data acquisition from any sensor on any bus is possible.  

  Analysis and Signal Processing   It can be used to perform advanced analysis and 
signal processing, display data on custom user interfaces, log data and generate 
reports and automate data collection.  

  Control   We can easily    implement PID and advanced control for process control 
applications, using multisim and interface with LabVIEW TM , and implement 
mechatronics and machine design with application-specifi c tools [ 5 ].   

4     SMART Classroom 

 Here the classroom used was the laboratory, equipped with personal computers 
and loaded with NI LabVIEW TM  software. Initially the concepts were taught theo-
retically and later students implemented VIs with LabVIEW TM  software. They 
could see the results then and there itself which created great interest in learning. 
The human brain is divided into two parts, i.e. the left brain and right brain. The 
left brain responds to logic and is more suitable for people with logical type of 
intelligence. The right brain responds for pictures, music and colours, thus 
enabling visual type of learners. LabVIEW TM  software helps in the visualization 
of concepts which will be stored in subconscious mind, and it helps to REGISTER    
the things permanently in memory. 3-R technique is used here, i.e. registration, 
retain and recall. This concept makes LabVIEW TM  stronger as it helps in good 
conceptualization and good memory [ 3 ]. 

 Student assessment was done by giving course projects which was assessed for 
40 % of internal evaluation. A team of four students had been formed and course 
projects were given as assignment. It was interesting for the students to carry out 
these projects and also interesting for the faculty to evaluate.  

5     Results 

 We have discussed that changing teaching methods based on these concepts had an 
impact on creating interest in learning, student achievement and motivation. The 
following are the course projects done by students where learning was easy, 
especially in the following subjects [ 6 ]. 
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5.1     Concepts of Virtual Instrumentation 

 Front panel consists of control palette where numerous controls and indicators are 
present. Front panel of any measuring device can be designed quickly and easily 
using these drag and drop icons. Here virtual measurement of external parameters 
with the help of sensors was discussed. The concepts of signal generators, voltmeter, 
CRO and waveform analysers were taught. Displaying single data and multiple data 
on waveform graph and waveform charts was discussed. All these ‘Virtual 
Instruments’ created appeared like real instrument panels. Real-time implementation 
is also possible just with the help of a suitable interfacing card unlike other software 
where dumping of the code is needed. Figure  1  shows the front panel (left side) and 
block diagram (right side) of a waveform generator and analyser, where we can see 
that GUI creation is very easy. And there is an easy replacement and resizing of 
various types of knobs, displays, indicators, etc.

  Fig. 1    Waveform analyse       
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5.2        Concepts of C++ 

 Here, the concepts like loops (for loop, while loop), arrays (1D and 2D arrays) and 
structures (case, sequence, event) were taught effectively. Figure  2  shows ‘separa-
tion of positive and negative arrays’, where we can see the use of arrays on front 
panel (left side) and use of case structure and for loop on block diagram (right side) 
where it clearly shows how easy it is to visualize arrays, loops and structures.

5.3        Concepts of Automation 

 Interfacing physical parameters with the help of buses and creating GUIs to visual-
ize industrial scenario and controlling the parameters with the help of actuators 
were taught. 3D representation of process fl ow is also possible with the help of 3D 
graphs. Figure  3  shows GUI created for ‘greenhouse automation’. This fi gure shows 
the use of comparators, various controls and indicators to measure and display 
parameter values like moisture, humidity and light intensity.

  Fig. 2    Array separation       
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5.4        Concepts of Digital Signal Processing 

 Here the sampling theorem, reconstruction of the signal, computation of DFT and 
FFT and use of fi lters to remove noise were discussed. Figure  4  shows an example 
to compute 8-point FFT.

5.5        Animation 

 It is very easy and interesting to create animation. Figure  5  shows GUI created for 
animating the items in a mall upon the request of a user. The 3D view of these items 
using 3D graphs created much more interest among students (Fig.  6 ).

5.6         Control Engineering 

 The concepts of transient response of any order control systems, digital control 
systems and state-space analysis can be taught very effectively with the help of 
control simulation tool.  

  Fig. 3    Greenhouse automation       
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  Fig. 4    FFT computation (Source: Course projects, BVBCET, Hubli)       

  Fig. 5    Traffi c control system (Source: Course projects, BVBCET, Hubli)       
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5.7     GUI Creation 

 Figure  5  shows GUI creation for traffi c control system, where we can fi nd the use of 
timers to set the time (block diagram), use of 7-segment displays on front panel and 
use of picture ring to insert any picture on front panel.   

6     Capstone Projects 

 LabVIEW TM  was also used in fi nal-year capstone projects. Students employed 
LabVIEW TM  in a project titled ‘Simulation of Haptic Surface’ (Fig.  7 ) which won 
second prize in a national-level project competition, Jed-I project challenge held on 
June 13–14, 2013 at IISc, Bangalore.

  Fig. 6    Animation (Source: Course projects, BVBCET, Hubli)       
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   This project aimed at creating virtual environment. Here haptic techniques are 
applied to simulate tactile sensation of walking on different fl oor surfaces. The system 
to create this virtual reality includes force sensors, Arduino microcontroller and 
LabVIEW TM  software. Figure  8  shows the front panel diagram where LabVIEW TM  is 
used to interface Arduino microcontroller with the help of Arduino-LabVIEW TM  toolkit 
provided in LabVIEW TM  2012. As per the opinion of students, it was very easy to 
programme different tasks that are performed in parallel by means of multi- threading. It 
was possible because two or more parallel while loops could be drawn simultaneously. 
This is of great benefi t for test system automation, where it is possible to run processes 
like test sequencing, data recording and hardware interfacing in parallel.

  Fig. 8    Soil parameter analyser (Source: Capstone projects, guided by Prof Nalini Iyer BVBCET, 
Hubli)       

  Fig. 7    Arduino interface (Source: Capstone projects, guided by Prof Nalini Iyer BVBCET, Hubli)       
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   Figure  8  shows another project titled ‘Soil Parameter Analyser’ which won 
‘People’s Choice Award’ in the national-level project competition, Jed-I project 
challenge held on June 13–14, 2013 at IISc, Bangalore. This shows the front panel 
to measure PH, calcium, potassium and ammonium content in the soil. All these 
parameters were measured with the help of electrodes and interfaced to LabVIEW TM  
and actual implementation was done.  

7     Conclusion 

 In this paper, we have presented how active learning can happen with the help of 
modern tools and technology. SMART classroom approach and use of modern tools 
created great interest among students. They learnt many engineering concepts with 
the help of LabVIEW TM  software tool. Visualization of concepts helped for proper 
registration of the things in mind. The things once registered properly in mind can-
not be forgotten. Thus, it helps for good memory also. With the help    of tools like 
LabVIEW TM , concept teaching and interfacing external parameters with PC with 
the help of standard buses, GUI creation has become simplifi ed. The course projects 
given for students helped in creating interest for learning and motivation. Evaluation 
was also simplifi ed. Hence we can conclude that providing ambient learning envi-
ronment to suit different kinds of learners eases the task of learning. 

 Teaching-learning process becomes interesting and easy with the help of modern 
technology. Further scope of this topic will be to include the use of this tool in vari-
ous relevant subjects.     
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    Abstract     For any knowledge-intensive undertaking (such as a stream or branch), it 
is critical to frame its birth and growth to understand where the discipline stands and 
what innovative endeavors lead to the creative accomplishments currently witnessed 
in its knowledge products. In this research paper, we describe the research and 
development of a knowledge platform called Interactive Knowledge and Modeling 
Techniques for Engineering Education Research. This research paper mainly 
describes with the explicit goal to provide a mechanism to better understand the 
emerging fi eld of engineering education research and, more importantly, provide 
members of the engineering education research community with tools and infra-
structure which allow them to understand the structure and networks of knowledge 
within the community at any given time. Using a theoretical model that combines 
ultra-large-scale data mining techniques, network mapping algorithms, and time- 
series analysis of knowledge product evolution, we attempt to characterize and pro-
vide insights into the topology of the networks and collaborations within engineering 
education research.  
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1         Introduction 

 In today’s competitive economy, success is increasingly attracted by knowledge and 
intellectual investment. To be innovative, an organization [or community] has to be 
adept at exploiting existing knowledge as well as exploring new ways of producing 
knowledge. To do so, a community must have a holistic, deep, and accessible under-
standing of what it knows. An informed and innovative future depends on an acute 
awareness of the past to avoid repeating mistakes and nonproductive paths. 
Engineering education has recently undergone a resurgence and reorientation that 
mirrors growing recognition of the unique challenges faced by both engineering 
educators and learners in the twenty-fi rst century. The dramatic expansion of engi-
neering education over the past decade has led the fi eld to a critical juncture that 
demands new tools and methods to enable the community to expand and build on 
prior work. In this paper, we address this challenge by describing the development 
and deployment of an interactive knowledge platform. The engineering education 
community has a vision of improving and innovating how engineers are trained and 
preparing to make them more competitive in the global economy. To pursue this 
goal, the community has coalesced around several relevant initiatives such as those 
that have produced  The Engineer of 2020  and the draft report on  Engineering 
Education for the Global Economy . The National Science Board report entitled 
 Moving Forward to Improve Engineering Education  explicitly points to the need for 
“expanding research and data collection related to engineering education.” Yet we 
do not have a holistic view of how engineering education research can help trans-
form engineering teaching and learning to cultivate the engineer of the future. This 
challenge is further compounded when one considers the international state of the 
fi eld, with researchers in many different countries and regions often undertaking 
similar research on engineering education and professional practice. In short, we do 
not have in-depth insights into where we stand, nor do we know how we got here. 
Extant literature in engineering education5 and numerous other disciplines includ-
ing learning sciences and cyber infrastructure have called for radically rethinking 
education research to include large-scale data and collaborations. The important 
question for rapidly evolving fi elds such as engineering education is: How do we 
know when large-scale research collaborations are happening? Also, how do we 
know that research utilizing large datasets attracts a large number of researchers to 
utilize these datasets? Can we take a data-driven approach to clearly point out trends 
in research productivity and collaboration? Information retrieval research (e.g., 
search engines) often helps address such problems by improving the aggregation of 
data and focusing on what any given document is about (i.e., word-level content 
analysis). However, for scientifi c communication, it is equally important to know 
who writes the document and how the document is positioned in the process of 
knowledge emergence. Improving access to such information demands different 
types of analytic tools. 

 Traditionally, analyzing ultra-large-scale academic data has been the domain of 
a few computer scientists and engineers. It requires computational techniques to 
acquire and manage data, analyze large-scale networks, and identify trends and 
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patterns. To allow a broader range of researchers, educators, and other stakeholders 
in engineering education research community to drive the exploration of the prob-
lem space, the data gateway must not only handle the underlying computational 
components but also provide intuitive navigation, insightful representations, and a 
user- friendly interface. We attempt to characterize and provide the type of insights 
required by the community by utilizing ultra-scale knowledge product such as 
publications in journals and conferences in engineering education, the National 
Science Foundation grant proposals, and articles published by the National 
Academy of Engineering.  

2     Existing Approaches for Differentiating a Research 
Domain Using Data and Virtualization 

 Engineering education researchers have long produced assessed papers that provide 
overviews for a variant of topics. These papers are usually written by domain experts 
in a comprehensive and elaborated manner and aim to review recent development 
within a certain scope based on related studies. Assessed papers often explore a 
broad range of literature concerning a topic, recognize contributions of relevant 
studies over a specifi c period, synthesize them to chart a literature roadmap, and 
envision the future development. In engineering education research, by applying 
keyword analysis to the papers in Journal of Engineering Education (JEE) from 
1993 to 2002, Wankat9,10 revealed the community’s interest in  teaching ,  design , 
and  computer , while  ABET  and  assessment  showed upraising trend during the sec-
ond half of the decade. In sum, given the great demand of understanding the birth 
and growth of engineering education research, no previous study has comprehen-
sively covered a broad range of knowledge products in engineering education 
research. Nor did any project attempt to construct a highly interactive platform that 
allows researchers to explore the fi eld in a visual and intuitive way.  

3     Methodology 

3.1     Data Sources 

 One main data source for this project is observations and proceedings from ten 
international conferences targeted by  Journal of Engineering Education  and 
 European Journal of Engineering Education  for special AGCEER panel discus-
sions on engineering education research. These conferences represent regional 
diversity as well as a focus on engineering education and provide data in the form 
of proceedings, lists of participants, detailed notes, and ethnographic observations. 
However, data for the present analysis is mainly taken from other journals and con-
ference proceedings, including  International Journal of Engineering Education , 
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 European Journal of Engineering Education , and  SEFI Annual Conference 
Proceedings . For each, papers from 2005 to 2007 that meet our research criteria 
were included in our publication database and analyzed (with the exception of SEFI 
2006, which we have not yet been able to obtain).  

3.2     Data Analysis Methods 

 We begin our comparative publication analysis by fi rst identifying systematic 
research publications for our dataset. We exclude purely descriptive papers, such as 
those that discuss the development of modules, labs, courses, and/or curricula. To 
do so, we started with these six criteria from  Scientifi c Research in Education  [ 1 ].  

3.3     Data Collection and Management 

 Engineering education research aims at archiving ultra-scale knowledge products 
in engineering education. To achieve this goal, the data server acquires metadata 
and full texts (when available) of academic articles relevant to engineering educa-
tion from online publication data sources such as IEEEXplore, Web of Science, 
and EBSCO.  

3.4     Data-Centered Calculation Components 

 Based on the data collected, the computational server aims to support the presenta-
tion layer by running corresponding algorithms. To support composite search with 
multiple constraints such as author and publication time, we develop a sophisticated 
search engine that is tuned to provide short response time. The data source dimen-
sion describes the nature of the data and how it was gathered in the reported research. 
Most research papers will have at least one data source. The    categories considered 
are naturally occurring data (Nat), research-specifi c data (Res), refl ection (Ref), and 
software (SW).   

4     Research Activity by Country 

 Country-of-origin information for all 280 qualifying articles in our dataset is pre-
sented in Table  1 . As indicated, 118 papers (or 42 % of all papers) included one or 
more authors affi liated with US institutions. Of these papers, the vast majority 
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(106) were exclusively authored or co-authored by US-based authors. Authors or 
co- authors currently affi liated with member countries of the European Union (EU) 
were listed on 112 (or 40 % of all) qualifying articles. The top three author loca-
tions in the EU were the United Kingdom, Spain, and the Netherlands.

5        Keyword Analysis 

 The challenges of keyword analysis make it diffi cult to identify leading areas of 
engineering education research, especially by region and subject. For example, in 
some contexts assessment may refer to outcomes-based evaluations of courses and 
curricula, while in others it can mean techniques for grading student work. Others 
have noted the wide range of meanings associated with terms like “competency” 
and “skill”    [ 2 ]. However, our preliminary analysis reveals eight major areas, in 
roughly decreasing order of keyword prevalence:

    1.     Curricula , including development, evaluation, and reform at all levels (courses, 
programs, etc.)   

   2.     Assessment , including outcomes based and competency oriented   
   3.     Engineering design , including teaching and learning design-related skills, pro-

cesses, tools, etc.   

Country (1) No. of papers Country No. of papers Country No. of papers

United States 118 Israel 5 Brazil 1

24 Honk Kong 4 Chile 1

Spain 18 Portugal 4 Czech Republic 1

Turkey 16 India 3 Japan 1

Netherlands 13 Norway 3 Kuwait 1

Australia 12 Mexico 3 Malaysia 1

Germany 10 Slovakia 3 Oman 1

Sweden 9 Taiwan 2 Palestine 1

South Africa 8 Belgium 2 Poland 1

Finland 7 Greece 2 Romania 1

Canada 6 Latvia 2 Slovenia 1

Denmark 6 Lebnon 2 Ukraine 1

France 5 Russia 2

Total–all data 301 (2)

Total EU only 112

1. Shaded cells indicate European Union (EU) member countries
2. Total is larger than total papers (n = 280) due to double counting of multi authored papers

United Kingdom

   Table 1    Number of qualifying research papers by country, 2005—2007        
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   4.     Collaborative, cooperative,  and  team-based learning    
   5.     Problem-, project-, and inquiry-based learning    
   6.     Educational technologies , including for teaching, learning, distance education, etc.   
   7.     Diversity , particularly with respect to gender and ethnicity   
   8.     Laboratories,  developing and innovating in/for engineering education (Fig.  1 )

6            Conclusion 

 In this research paper, we describe the design and implementations of a data- 
intensive knowledge platform, while it aims to document and present the evolution 
of engineering education. We collect, index, and allow sense making of a large 
collection of data through intuitive and user-friendly interfaces. Researchers and 
learners alike can easily explore the problem space through a web browser without 
technical expertise on data mining, social network analysis, or time-series analysis. 
We apply topic modeling techniques to the data to understand the emergence and 
growth of research topics within the community. Researchers, educators, and other 
stakeholders in the engineering education research community can visually iden-
tify potential collaborators, research patterns, topic trends, and highly related arti-
cles and also start to provide unique insights about the topology of the networks 
within engineering education research. It shows that the content and knowledge 
that rest within the networks formed by researchers are the fundamental mecha-
nisms through which practices and methods unique to the fi eld of engineering edu-
cation and research (EER) can propagate. Promoting appropriate models for 

  Fig. 1    Discloses about engineering education research differences from engineering research       
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collaboration not only enhances this type of information sharing, it can also link 
researchers to new study sites, connect researchers to one another (including across 
disciplines and preferred methodologies), and expand the generalizability of 
research fi ndings. Hence, our research results will be translated into concrete 
implications for the design of future interventions such as workshops. More spe-
cifi cally, the results will include a list of specifi c topics and regions to pursue for 
targeted collaborative research and capacity-building activities. Then, models for 
collaboration will suggest design principles for these activities. For example, if 
educators in one country have developed innovative learning spaces such as labs, it 
would be important for workshops to meet in that country so visitors could experi-
ence these spaces fi rsthand.     
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    Abstract     The various changes to the automobile systems and the integration of the 
systems have made more challenging for becoming a successful automobile engi-
neer. Various reforms are taking place in the engineering education at the national 
and international levels. To stand in the competitive age, the engineering institutes 
are supposed to get accredited by NBA New Delhi and in the coming days to also 
get accredited by ABET – an International Accreditation Board. Wipro Technologies 
have started a giant project entitled “Mission10X,” through which they have  targeted 
to train 25000 engineering faculties. The main motto is to make teaching–learning 
process more effective and interesting by various means. Using puzzles is one of 
them. It has been well documented that crossword puzzles are an effective teaching 
tool. Not to mention that they are enjoyable to complete. Puzzles can be solved 
individually or in a group. Solving puzzles in a group will also encourage the 
 students for group discussions and will develop their intrapersonal and interper-
sonal skills. In this paper, the puzzle-based learning approach has been discussed 
with its advantages, especially for Automobile Engineering Education.  

  Keywords     Educational puzzles   •   Puzzle-based learning   •   Automotive puzzles  
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1         Introduction 

 Over the years, many students have had a teacher from whom it was diffi cult to 
learn. This diffi culty may have been related to a lack of student interest in the 
 curriculum, or it could have been that the subject was taught in a manner that did not 
correspond with the student’s preference for learning. According to Gardner, 
 educators tend to teach the way they were taught. Moreover, Jonassen identifi ed that 
a strong relationship exists between a teacher’s learning style and his or her  preferred 
teaching style. Unfortunately, there is not a “one size fi ts all” approach to teaching 
and or learning. Thus, this creates a problem that requires attention [ 1 ,  3 ]. 

 Many teachers have used puzzles for teaching purposes, and the puzzle-based 
learning approach has a tradition that exceeds 60 years [ 2 ]. Historians found the fi rst 
mathematical puzzles in Sumerian texts from circa 2500 BC. However, some of the 
best evidence for the puzzle-based learning approach can be found in the works of 
Alcuin, an English scholar born around 732 AD, whose main work,  Problems to 
Sharpen the Young , included more than 50 puzzles. Some 1,200 years later, one of 
Alcuin’s puzzles – the “river crossing problem” – is still used in artifi cial  intelligence 
textbooks to educate computer science students [ 3 ].  

2     Puzzle-Based Learning Approach 

 Puzzle solving is a much more active type of learning and will engage students with 
the material more than passive types of review techniques do. Crossword puzzles 
also have the advantage of appealing to different learning styles. Visual learners 
often have strong puzzle-solving skills and feel great satisfaction when they 
 complete one. Auditory learners enjoy step-by-step reasoning, so they also benefi t 
from the sequential steps of completing a crossword. Even kinesthetic learners 
enjoy the multitask strategies required to solve a crossword. Finally, crossword 
puzzles have the benefi t of being customizable to study content. Puzzle creation 
software and websites are abundant, and easy to use, so teachers can create curricu-
lum-specifi c crosswords with little trouble. 

 The phrase puzzle-based learning is taken from the title of Michalewicz and 
Michalewicz, although it continues a long tradition within the mathematics,  science, 
and engineering communities. The puzzle-based learning approach aims to encour-
age engineering students to think about how they frame and solve problems not 
encountered at the end of some textbook chapter. The main goal is to motivate 
 students while increasing their mathematical awareness and problem-solving skills 
by discussing a variety of puzzles and their solution strategies. 

 The ultimate goal of puzzle-based learning is to lay a foundation for students to be 
effective problem solvers in the real world. At the highest level, problem solving in 
the real world calls into play three categories of skills: dealing with the vagaries of 
uncertain and changing conditions, harnessing domain-specifi c knowledge and meth-
ods, and critical thinking and applying general problem-solving strategies. These 

S.R. Kumbhar et al.



133

three skill categories are captured in the three forms of learning as Fig.  1  depicts. In 
this continuum, each layer of skills builds upon the layers below it [ 2 ,  4 – 17 ].

   Puzzle-based learning focuses on domain-independent, transferable skills. In 
addition, we aim to foster introspection and refl ection on the personal problem- 
solving process: What was I thinking? What is the solution? Why did I not see it? 
Both problem-based and project-based learning are well established methodologies. 
By our description, problem-based learning requires signifi cant domain knowledge 
[ 2 ,  18 ,  19 ]. The main reasons behind most students’ enthusiasm for the  puzzle- based 
learning approach are [ 1 ]:

•    Puzzles are educational, as they illustrate many useful (and powerful) problem- 
solving rules in a very entertaining way.  

•   Puzzles are engaging and thought-provoking.  
•   Contrary to many textbook problems, puzzles are not attached to any chapter 

(as is the case with real-world problems).  
•   It is possible to talk about different techniques (e.g., simulation, optimization), 

disciplines (e.g., probability, statistics), or application areas (e.g., scheduling, 
fi nance) and illustrate their signifi cance by discussing a few simple puzzles. 
At the same time, the students are aware that many conclusions are applicable to 
the broader context of solving real-world problems.     

3     Automobile Engineering Education 

 Nowadays, Automobile Engineering is one of the most challenging engineering 
careers. With the increased demand and passion on vehicles, automobile engineers 
have many opportunities in India and abroad. The automobile engineering study 
deals with designing a vehicle, manufacturing new products/new vehicle, repairing, 
and servicing vehicles. Automobile engineer should be innovative and dedicated to 
their work. The future automotive engineers can be specialized in the alternative 
areas such as aerodynamic, alternative fuels – nonconventional and renewable 
fuels – the chassis, the electronics, the emissions, the ergonomic, the manufacture, 
the materials, the creation of fast prototypes, the security or the management, etc. 
The responsibilities of an automobile engineer consist of maintaining the greater 

  Fig. 1    Learning and skills category layers       
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level of the vehicle by the use of traditional as well as advanced methods and of the 
technology outpost. Recently, due to the fast growth of the automobile industries in 
India, the demand for the automotive expert professionals also has been increased 
considerably. Therefore, teaching–learning process in the course of automotive 
engineering should be focused and implemented effectively. Various means of 
teaching and learning have been in use like seminars, projects, puzzles, etc. 

 This section contains the sample puzzles gathered from the various resources. 
At RIT, for third year Automobile Engineering course, students were encouraged to 
solve puzzles during practical sessions. We got an overwhelming response from 
students while solving puzzles. Some of the points noted are:

    1.    Students showed enthusiasm while solving puzzles.   
   2.    Students actively participated in solving puzzles, which shows their group 

discussion ability.   
   3.    Solving puzzles showed the students’ critical thinking ability.     

 Exercising this solving of puzzles showed us that interpersonal and intrapersonal 
skills of students can be encouraged and developed through this new teaching–
learning approach. After conducting actual hands-on experiments, students enjoyed 
solving the puzzles. 

 The vast majority of puzzles on various topics have already been included in 
many books. Some of the important topics are: Automotive Engines and its Various 
Systems; Automotive Electrical and Electronic Systems; Conventional and 
Alternative Fuels; Automotive Emissions and Control Technologies; Advanced 
Automotive Tools and Equipments; Automotive Manufacturing, etc. 

 Some online softwares are also available free of cost for creating puzzles on 
topic of our interest. Some of the websites are   www.crossword puzzle games.com    , 
  www.eclipsecrossword.com    ,   www.jigsawplanet.com    , etc.

   For example, take the following sample puzzles.  
  Puzzle No. 1. Crossword puzzle: Basic automotive parts (Fig.  2 )

       Solution (Fig.  3 )

3.1          Extensions and Commentary 

 This puzzle is something about identifi cation of automotive parts by their functions. 
The students will try to correlate the functions of each part and will solve this 
crossword puzzle very interestingly.

   Puzzle No. 2. Word search puzzle: Battery 

 Find the words in the grid. Words can go across, down, and in two diagonals (Fig.  4 ).

       Solution (Fig.  5 )
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Across

Down

a gear system that drives both axels
at the same time, but allows them to
rotate at different speeds when
turning a corner
a piece of metal turned on a wheel to
keep it on the vechicle
a device that uses gears and torque
conversion to change the ratio
between the engine RPM and driving
wheel RPM
a device containing one of more cells
that produce electricity through
electrochemical action
ethylene glycol of other liquid used
in a cooling system
protective device that interrupts
current flow if an overload condition
is in a circuit
a way to start a car with a weak
battery with the use of cables
a generator in which current is
changed to direct current

a system that sprays gas directly into
the cylinders
a rod used to measure the amount of
liquid in a system
an electric motor which uses a
geardrive to crank the engine
a pleated paper element, used to trap
dirt, dust, etc from entering the inside
of the engine
shafts used to transmit driving force to
the wheels

1

4

5

7

9

10

11

12

2

3

6

8

9

10

11

12

1 2

4

7 8

3

5 6

9

  Fig. 2    Crossword puzzle: basic automotive parts [ 20 ]       

  Fig. 3    Answer of crossword 
puzzle: basic automotive 
parts [ 20 ]       
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V A N O K S Y N B V P R E T I F N H C V

Alloy
Cold cranking amps

Deep cycling
Electrolyte

Gassing
Hydrogen

Hydrometer

Lead peroxide
Lead sulfate

Maintenance free
Overcharging

Partitions
Pasting
Power

Recharging
Reserve capacity

Sediment chamber
Separator

Sulphuric acid
Voltage

  Fig. 4    Word search puzzle: battery [ 21 ,  22 ]       

  Fig. 5    Answer, word search puzzle: battery [ 21 ,  22 ]       
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3.2           Extensions and Commentary 

 This puzzle is something about identifi cation of automotive battery terminologies. 
The students will try to fi nd out the correct terminologies by searching the words in 
the puzzle. This activity would increase their critical searching ability. The students 
solve such word search puzzles very interestingly.   

4     Conclusion 

 Crossword or word search-type puzzles can play a major role in attracting students 
to automotive engineering programs and can be used in talks to graduate students 
during practical sessions or open-day events. These can be a factor that helps retain 
and motivate students for joyful learning. Above all, the various types of puzzles are 
responsible for developing critical thinking and problem-solving skills. Through 
these puzzles, the ability of students to solve industry and business problems can be 
enhanced. Many real-world problems can be perceived as large-scale puzzles. The 
ultimate goal is to motivate students for joyful learning and to increase their 
problem- solving skills by discussing a variety of puzzles with their solution. This 
strategy of puzzle-based learning will really increase the effectiveness of teaching–
learning process of Automobile Engineering education.     
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    Abstract     Beyond the physical arrangement of a classroom, a psychological 
 environment is also created, based on the interaction of key players in the class-
room, namely, students and teachers, and their interaction which creates class 
dynamics. Moos’s work, which has permeated the literature on classroom environ-
ment, is based on three essential areas of classroom environment: (1) relationship 
dimension, which focuses on the interpersonal relationships between students and 
students and the teacher in a classroom; (2) personal development dimension, which 
centers on individual characteristics of the classroom member; and (3) system 
maintenance and change dimension which includes attributes such as classroom 
control and order as well as responsiveness to change. The process of academic 
audit captures the classroom dynamics in an environment of ease and comfort. 
   Classroom dynamics here refers to delivery effectiveness, learning experience of 
students with different learning preferences and styles, and factors that hinder the 
effectiveness of both teaching and learning. A detailed audit process is laid down 
including the guidelines to auditors and postaudit counseling to faculty. The audit is 
designed to capture the fi ve important dimensions of a teacher, namely, subject 
knowledge, preparation, communication, class control and concern for students, 
and opportunity to interact. The audit process is going to map the individual teacher 
and the course on a ten-point scale with appropriate weights for the fi ve dimensions. 
Weightages for dimensions are decided based on the opinions of the senior faculty 
and academicians. Based on the scores, the faculty competency enhancement is 
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planned and appropriate actions are initiated to train the faculty in the specifi ed 
dimensions. The outcome of the audit is evident in terms of improved learning out-
comes, enhancement of teaching deliveries and competency, collaborative learning, 
and good academic environment.  

  Keywords     Room dynamics   •   Teaching dimensions   •   Teaching index   •   Academic 
audit   •   Audit procedure  

1         Introduction 

 It is no longer enough to simply transmit information that students memorize and 
store for future use. Education today must focus on helping students learn how to 
learn, so they can manage the demands of changing information, technologies, jobs, 
and social conditions. In fact, a growing body of research suggests that students 
learn more deeply and perform better on complex tasks if they have the opportunity 
to engage in more “authentic” learning: projects and activities that require them to 
employ subject knowledge to solve real-world problems. Beyond the physical 
arrangement of a classroom, a psychological environment is also created, based on 
the interaction of key players in the classroom, namely, students and teachers which 
creates class dynamics. Moos’s work, which has permeated the literature on class-
room environment, is based on three essential areas of classroom environment: 
(1) relationship dimension, which focuses on the interpersonal relationships between 
students and students and the teacher in a classroom; (2) personal development 
dimension, which centers on individual characteristics of the classroom member; 
and (3) system maintenance and change dimension which includes attributes such 
as classroom control and order as well as responsiveness to change. 

 Teaching–Learning (Academic) Audit systematizes an institutions approach to 
quality by focusing on a body of content that must be considered before an analy-
sis can be accepted or completed. This body of content is the focal areas of quality 
work: (1) learning objectives, (2) curriculum, (3) teaching and learning methods, 
(4) student learning assessments, and (5) quality assurance. Classroom environ-
ment encompasses a broad range of educational concepts, including the physical 
setting, the psychological environment created through social contexts, and the 
numerous instructional components related to teacher characteristics and 
behaviors. 

 Overcrowded facilities, too many students in certain classes, and lack of teach-
ers’ assistants are three major issues cited as potentially creating problems due to 
increased stress levels of students and increased teacher-reported incidences of 
behavioral problems. These increased stress levels and behavior problems found in 
larger classrooms are frequently accompanied by lower levels of academic 
achievement.  
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2     Psychological Classroom Environment 

 Many teachers equate student engagement and on-task behavior with classroom par-
ticipation, typically a top concern for teachers. Researchers support teachers’ intu-
ition of a difference in the participation style of the different genders. Whereas girls 
are more likely to participate as part of the relational responsibility they feel toward 
the teacher, boys tend to respond more often if they feel the class is interesting and 
less often if the class is perceived as boring—indicating that for these  students, 
teachers may be equally responsible for the participation level and learning. 

 Helen Patrick and colleagues found that there is a strong, positive relationship 
between students’ level of motivation and engagement and their perceptions of the 
classroom environment as being socially supportive. The perception of a climate of 
mutual respect is required in order for students to increase their use of effective 
study strategies and increase feelings of confi dence about their ability to success-
fully complete assignments. Furthermore, when students perceive that they receive 
emotional support and encouragement from their teachers and academic support 
from their peers, they are more likely to be on-task in the classroom and use self-
regulated strategies. Classroom rules and procedures should be introduced early in 
the school year and consequences should be enforced consistently across students 
and throughout the school year. Research has shown that routine and fairness have 
a positive impact on behavior as well as academic quality. It has been found that 
teachers who run respectful classrooms are in turn more respected by their students, 
and students believe that these teachers also hold higher learning expectations. 
Teachers are encouraged to focus more on the learning task than on the outcome or 
grade assigned at the end of the task, although this becomes much more diffi cult if 
the emphasis in education is placed on accountability and high- stakes testing.  

3     Teaching–Learning (Academic) Audit 

 The study classroom environment has been widespread across nearly all subspecial-
izations of educational psychology. Researchers are interested in relationships 
between environment constructs and multiple outcomes, including learning, engage-
ment, motivation, social relationships, and group dynamics. Early researchers rec-
ognized that behavior is a function of people’s personal characteristics and their 
environment. 

 Academic audit is one of the three main types of higher education quality evalu-
ation in use today around the world. (The other two are accreditation and subject- 
level assessment.) David Dill describes it this way: In contrast to accreditation, 
program review, or student assessment initiatives, [academic] audits look deeply 
into the heart of the academic enterprise. They test whether institutions and their 
faculties in fact honor their public responsibility to monitor academic standards and 
improve student learning. 
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    According to Dill, the reviewers generally agree that academic audits have made 
improving teaching and learning an institutional priority; facilitated active discussion 
and cooperation within academic units by means of improving teaching and learning; 
helped clarify responsibility for improving teaching and learning at the academic unit, 
faculty, and institutional level; and provided  information on best practices within and 
across institutions [ 2 ,  3 ]. Moreover, audit focuses on “education quality work” (EQW, 
to be defi ned below), which is emerging as the key element of institutional quality 
programs. External agencies can evaluate EQW more easily than education quality 
itself. Panel selection and training appear easier, cycle times can be shorter, and insti-
tutional diversity is more easily respected than in other forms of evaluation.“Education 
quality work” (EQW) means the activities of faculty, academic leaders, and oversight 
bodies that are aimed at improving and assuring education quality. It should empower 
and stimulate faculty to continuously improve teaching and learning and help aca-
demic leaders and others to discharge their oversight responsibilities without micro-
management. EQW should not be confused with teaching itself [ 1 ].  

4     Design and Implementation of Academic Audit: 
Case Study  

4.1     Institute Profi le 

 Rajarambapu Institute of Technology is established as self-fi nanced private engi-
neering college in the year 1983 with an objective of imparting quality engineering 
education to aspirants in general and students from surrounding rural area in par-
ticular. Currently, the institute offers seven undergraduate and six postgraduate pro-
grams engineering and three departments offer research programs leading to 
PhD. All the eligible programs are accredited by the NBA. The institute has suc-
cessfully implemented TEQIP phase I and selected for TEQIP phase II, one among 
the four self-fi nancing institutes selected all over India.  

4.2     Need to Implement Academic Audit 

 Many of the private technical institutions which have come up in recent past, espe-
cially in small towns, are facing acute shortage of faculty with required qualifi ca-
tions and requisite skills and aptitude for teaching and research. It is diffi cult for 
these institutions to attract best talent and retain them.    The institute referred above 
devised its own strategy to develop faculty by developing its own model to recruit 
faculty at entry level and plan career growth for each one, extending opportunity to 
enhance qualifi cations, and upgrading on continuous basis their capabilities, both 
technical and administrative, through planned training. This strategy calls for con-
tinuously evolving innovative practices and new systems to improve the quality of 
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teaching–learning process, students’ learning, and competency of faculty and staff 
to meet the ever-increasing expectations of stakeholders. 

 Conventional feedback system which is in practice in majority of the institutions 
is an indirect method of capturing students voice which has an inherent advantage 
in terms of easy to implement and no interference from the faculty. As compared to 
this, the academic audit focuses on issues related to teaching–learning with an inter-
vention of an experienced academician as an auditor. The auditors visualize multi-
ple facets of teaching–learning and come out with clear observations and action 
plans. 

 The purpose of the audit is to improve the effectiveness of the delivery of the 
faculty to enhance the students’ learning in terms of clarity of concepts, application 
of concepts for problem solving, and grasp of the subjects to secure good grades in 
examination. The audit aims at bridging the gap between teaching and learning 
through a proper communication and feedback system.  

4.3     Audit Procedure 

4.3.1     Selection of Students for Participation in Audit 

 Ten representative students from each class are included in the audit process, which 
forms heterogeneous group representing typical student mix in a class. Monitor of 
the class will identify the students and ensure that they will be made available to the 
academic auditors nominated for the class for interaction and giving feedback of 
teaching–learning process.  

4.3.2     Appointment of Auditors 

 Experienced faculty members having a good standing as a teacher will act as audi-
tors. The auditors should be able to establish a good rapport and create conducive 
environment for the students to interact, express themselves, and critically comment 
without any bias and fear about the classroom teaching–learning process. The 
detailed schedule of the audit including the assigned class, subject teachers, and 
student’s names will be made available to the auditors.  

4.3.3     Audit Process 

 The auditors are expected to use their expertise and experience to have a good grasp 
of the classroom dynamics and should be able to assess the classroom teaching and 
learning progress. The focus should be on whether the learning of the students is 
progressing in the right direction and at the same time whether teacher is making 
good attempt to address the learning of the entire class. During the process of inter-
action, the students should be given ample opportunity to express their feedback 
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without any inhibitions and fear of after effects. During the interaction, the effort of 
the auditors should be fact-fi nding through evidences rather than prejudges and 
perception.  

4.3.4    Audit Venue 

 The audit is supposed to be conducted at a place preferred by the auditors. Only care 
should be taken to choose the venue other than home department of the students. 
This helps to maintain the identity of students confi dential.  

4.3.5    Duration of Interaction with Students 

 The audit committee can have a maximum of two meetings per audit of a class (as 
they are required to have feedback of fi ve or six subjects). Each meeting should have 
a maximum of one-hour duration. The time and venue can be decided by auditors.  

4.3.6    Confi dentiality of Feedback 

 The proceedings of the audit meeting should not be made public and also the feed-
back should be given only in a format for which guidelines are given.  

4.3.7    Audit Report 

    The audit feedback should be communicated in writing to the academic audit coor-
dinator in a prescribed format for the individual faculty, within a time period of one 
week after the completion of audit. Any delay in sending the report renders the 
whole effort ineffective and fails to serve the purpose of the audit. 

 Dean Academic/Respective Head of the department is required to review the 
audit reports after receiving from the co-coordinator and write special remarks with 
guidelines to improve the performance of the faculty in areas suggested. Those who 
have a satisfactory performance should also be communicated with appreciation. 
The actions to be initiated are as follows:

    1.    Communicate the performance report in person to each faculty.   
   2.    Suggest the strategy to improve the areas suggested during the remaining period 

of this semester and ask teacher to prepare a concrete plan of action to bring 
improvement.   

   3.    Support and motivate the faculty to implement action plan and assess the 
progress.   

   4.    Have an individual counseling meeting with faculty and ask faculty to come out 
with the lecture notes, teaching plans, etc.        
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5     Outcomes and Discussions 

 The    Institute is practicing academic audit since 2010 with a suffi cient awareness 
and training to auditors. In spite of initial teething problems during implementation, 
the audit model is tending toward maturity with a substantial cooperation from both 
faculty and students. The average scores of faculty and average teaching index and 
percentage of faculty below the average are represented in Table  1 , Fig. 1 , and 
Table  2 . The average teaching index computed on the basis of weighted average 
scores of fi ve dimensions has increased by 20 % in 2012–2013 compared to 2010–
2011 due to individual faculty efforts to improve the weak areas. The results indi-
cate that planning and delivery, class control, and concern for students are the issues 
still to be addressed, as they are below the average of institutional average teaching 
dimension.    In order to improve these areas, the institution has taken up many initia-
tives like preparing outcome-based course plan, articulating the teaching methodol-
ogy based on the students learning styles, improving communication through toast 

   Table 1    Average values of teaching dimensions   

 S.No  Teaching dimension  Max. weight 

 Average scores of all faculty 

 2010–2011  2011–2012  2012–2013 

 1  Subject knowledge  3  2.14  2.25  2.43 
 2  Preparation and delivery  3  2.07  2.30  2.55 
 3  Class control  1  0.60  0.70  0.80 
 4  Communication  1.5  0.90  1.00  1.10 
 5  Concern for students  1.5  1.02  1.12  1.20 

 Average teaching index  10  6.73  7.37  8.08 
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  Fig. 1    Average teaching 
index of faculty on a 10-point 
scale       

   Table 2    Percentage of faculty below average teaching index   

 Year  Avg. teaching index  % faculty below avg. teaching index 

 2010–2011  6.73  32 
 2011–2012  7.37  23 
 2012–2013  8.08  18 
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master club for faculty, and also personal counseling to faculty to look into the 
problems of individual students and open and free communication between students 
and faculty.

     The faculty below the institute average mainly constitute new faculty who have 
just started their career and pedagogical sessions are arranged to this group to raise 
their competency level as a teacher. Special workshops are arranged to work with 
them and orient them to teaching profession. 

 In order to encourage and reward the well-performing faculty, a reward sys-
tem is being introduced, because of which they are motivated to improve the 
overall effectiveness of their delivery. Thus, the analysis gives us a clear under-
standing of areas to improve and devise training program to improve the perfor-
mance. It is an ongoing exercise to achieve excellence in teaching–learning 
process. Academic audit is not a mere evaluation and grading of a teacher. It 
helps to identify the gaps in learning process of students and teaching effective-
ness and sets a stage for continuous improvement. The mandatory requirement 
for the success of this process is the trust and respect for the students’ feedback 
and integrity of an auditor.  

6     Challenges Faced During Implementation 

 The challenges and obstacles faced during implementation are listed as follows:

•    Students are reluctant to openly share their feedback and opinions about the 
teacher as there is a fear of revealing their identity to faculty.  

•   Faculty perceived it as a tool for management to assess their classroom perfor-
mance and adverse results affect their career in the institute.  

•   As always, faculty assume that students’ capability to give correct feedback is in 
question.  

•   Senior faculty involvement in the process was limited and always complained of 
increased work without many gains.     

7     Continuous Improvement in the Audit 
Process and Sustainability 

 The above challenges in the audit process made the conviction strong to implement 
the system and improve the system continuously based on the feedback received 
from all stake holders. The objectives of the audit are shared with both students and 
faculty to seek their full acceptance and cooperation. This increases the chances of 
success and sustainability and whole-hearted participation of both faculty and stu-
dents to make this practice unique and meaningful.  
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8     Conclusions 

 The process of academic audit captures the classroom dynamics in an environment 
of ease and comfort. A detailed process is laid down including the guidelines to 
auditors and postaudit counseling to faculty. The audit is designed to capture the 
fi ve important dimensions of a teacher, namely, subject knowledge, preparation, 
communication and concern for students, and opportunity to interact. The audit 
process is going to map the individual teacher and the course on a ten-point scale 
with appropriate weights for the fi ve dimensions. Based on the scores, the faculty 
competency enhancement is planned and appropriate actions are initiated to train 
the faculty in the areas. The outcome of the audit is evident in terms of improved 
learning outcomes, enhancement of teaching deliveries and competency, collabora-
tive learning, and good ambience for academic environment. Continuous improve-
ment should be the way of life as what works today may not work tomorrow. We 
should continuously strive to achieve excellence in what we do.     
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    Abstract     The basis of the Indian Information Technology and Information 
Technology Enabled Services (IT and ITES) is changing from contract program-
ming and business process outsourcing (BPO) to full life cycle development and 
end-to-end process ownership. These developments require professionals with 
better entrepreneurial and innovative skill sets. The skills depend largely on intrinsic 
motivation that should be fostered in colleges, if not earlier. As per self- determination 
theory (SDT), intrinsic motivation relies on a sense of competence, relatedness, and 
autonomy. We hypothesize that teamwork is one of the potent techniques for 
addressing the three. The paper uses ethnography to compare two case studies at an 
IT department at a college that had teamwork as an integral part. It also covers 
limitations and future scope for the study.  

  Keywords     Team-based learning   •   Intrinsic motivation   •   Innovation and 
entrepreneurship  

1         Introduction 

 India’s success in Information Technology and Information Technology Enabled 
Services (IT-ITES) has been exemplary. It accounts for 25 % of the national export 
and reports 101 B USD turnover in 2012, up from merely 4 %, and 50 M USD in 
1998 [ 1 ]. In the last few years, the industry is being challenged due to the declining 
growth rate and signifi cant changes in work distribution: besides extending cost 
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advantage, industry is compelled to offer consulting, system integration services and 
initiate nonlinear play through products, platforms, software assets, and solution 
accelerators [ 2 ]. Besides, India is endowed with impressive demographic dividend, as 
compared to many developed economies, and can take up more business. She can 
do so and continue her streak of success by working on her education system. The sys-
tem requires developing innovation and entrepreneurial competencies that depend on 
intrinsic motivation, which can be reinforced through team- based learning (TBL) [ 3 ]. 

 The major contribution of the paper is to bring out variants of TBL and show that 
all of them offer huge benefi ts to IT education which will help the industry to keep 
pace with the current realities. 

 The paper details out background and discusses two reasonably dissimilar 
courses that followed different TBL approaches but returned with impressive 
learning. The approaches include variations in forming teams and monitoring and 
rewarding their performances. The paper also covers an ethnographic analysis of the 
students of the two courses.  

2     Background 

 The Indian software industry has to come out of the cozy cost arbitrage-based 
outsourcing model and move to models based on innovation and entrepreneurship—
developing novel solutions to problem. It offers three benefi ts over outsourcing. 
First, the revenue can grow in a nonlinear way. Next, it can be applied to the com-
plex problems faced by the nation. Finally, self-reliance can help isolate national 
economy from international events. 

2.1     Innovation and Entrepreneurship 

 Innovation is fresh thinking that delivers value to customers. While fresh thinking is 
easier, delivering value is tougher and requires entrepreneurial skills. Amabile [ 4 ] 
defi nes entrepreneurial creativity as “The implementation of novel, useful ideas to 
establish a new business or new program to deliver products or services.” That is, 
entrepreneurship is innovation in the context of business—it requires not only a 
solution to the problem at hand but the ability to embed the solution in a business 
model. While entrepreneurship and innovation can aid any organization, the real 
payoff is in creating new enterprises or industries.  

2.2     Entrepreneurship and Intrinsic Motivation 

 Entrepreneurship requires a different type of motivation—intrinsic motivation. It is 
“behaviors done in the absence of external impetus that are intrinsically interesting 
and enjoyable.” This sense of intrinsic interest and joy is critical to pursue entrepre-
neurial activities. 
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 Amabile [ 4 ] points out “no amount of skill in the domain or in methods of 
creative thinking can compensate for lack of intrinsic motivation to perform an 
activity. Without intrinsic motivation, an individual will either not perform the 
activity at all, or will do it in a way that simply satisfi ed the extrinsic goals. But … 
a highly intrinsically motivated individual is likely to draw skills from other domains 
or apply great effort to acquiring the necessary skills in the target domain.” In a sense, 
it is more important to foster intrinsic motivation than to teach any particular skills. 

 Ryan and Deci [ 5 ] have developed self-determination theory (SDT) to explain 
the source of intrinsic motivation. It explains numerous experiments showing that 
both reward and punishment reduce motivation. SDT posits three basic psychological 
needs required for intrinsic motivation:

    1.    Autonomy: the feeling that one is working under one’s own volition   
   2.    Competency: the feeling that one is capable of achieving success   
   3.    Relatedness: the feeling that what one is doing involves others    

  Though the traditional educational environment is detrimental for developing 
intrinsic motivation, Niemiec and Ryan [ 6 ] describe a theory of education based on 
SDT designed to increase internal motivation. This theory involves changing 
sources of motivation from external sources such as grades to internal sources such 
as a sense of connectedness to the class or the subject. The goal is to move away 
from external regulation where rewards and punishments are the motivation for 
activity toward integrated regulation where the student not only fi nds value or 
importance in the activity but builds identifi cations with other aspects of the self.  

2.3     Intrinsic Motivation and Teamwork 

 The current education system inhibits intrinsic motivation. Benware and Deci [ 7 ] 
found that college students showed better conceptual learning when expecting to 
teach to other students than when expecting a test. Koestner et al. [ 8 ] found that 
students who were given controlling limits showed less intrinsic motivation than 
those who were given more autonomy. 

 The prevalent education system involves a routine process of teaching through 
lectures and conducting traditional examinations until the students graduate. This 
system decreases the students’ sense of autonomy because the lectures and reading 
are controlled entirely by the teacher. Tests decrease students’ sense of competence 
because they must have questions that not everyone can answer. The feeling of 
 competence is further reduced by a perceived gap between the syllabi taught in 
colleges and the knowledge and skills required in the work environment. The feeling 
of relatedness is damaged by high-stakes competition and lack of collaboration. 
Students are either graded on the curve resulting in a zero-sum game or given marks 
to decide ranks. In either case, students compete with each other. This discourages 
communication between students by penalizing them for their classmates’ success, 
taking a heavy toll on students’ ability to work in teams. 
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 So, can engineering education develop teamwork resulting in better intrinsic 
motivation that in turn can foster innovation and entrepreneurship needed to keep 
pace with current realities?  

2.4     Intrinsic Motivation of Students 

 We have hypothesized that using team-based learning increases intrinsic motiva-
tion. Allowing students to choose and focus on their projects reduces their attention 
to grades and other external motivators, increasing a sense of autonomy. In addition, 
the team provides a community that can increase their sense of relatedness. 
Providing easily accessible materials through the Internet and providing them with 
a community with which they can discuss their questions increases their sense of 
competence. By increasing competence, relatedness, and autonomy, this type of 
class increases intrinsic motivation. 

 Further, based on our experience in global software industry, we strongly 
perceive need of developing team skills in today’s graduates. Further, we have to 
move away from the earlier hierarchical or “hero”-based teams to optimizing teams 
that contribute equitably.   

3     Case Studies 

 In the Odd Semester (July–October) of 2013, the authors each taught a class: 
human–computer interaction (HCI) and digital systems (DS). Both of these classes 
organized students into teams to complete projects. Though we designed the classes 
independently, our goal was the same—to teach entrepreneurship, intrinsic motiva-
tion, and teamwork. 

3.1     Course Similarities 

 The courses were similar in that both authors tried to maximize diversity in their 
teams. Also, the IT infrastructure was the same for both classes.  

3.2     Diverse Team 

 In HCI, students were assigned based on knowledge of English—the professor has 
a heavy American accent and he was worried student would have diffi culty under-
standing him—and programming experience. In DS, students were assigned to 
teams randomly because the faculty perceived that there are so many differences 
among students that only randomness can ensure better diversity.  
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3.3     IT Infrastructure 

 Both classes used Moodle as their course learning management system. All the 
students had access to Internet round the clock.  

3.4     Course Differences 

 Though the courses were both in the same department, the differences were 
striking.  

3.5     Work Assignment 

 HCI—a theory course, intended to give the students understanding of user interface 
design and development—weekly assignments were given in each class correspond-
ing to the reading and lecture. Teams worked on these assignments during class and 
then continued on their own time. The assignments were submitted using Moodle. 
Toward the middle of the class, the teams were asked to work as a startup company 
to choose a product and design the user interface for it. The exercises were graded 
and posted on line and the results were added into the “House Cup” totals. A scrum 
master for each team was identifi ed. 

 DS was a theory and practical course, intended to give the students a hands-on 
experience with digital hardware in addition to academic understanding. Initial 
theory classes covered the basic elements of the digital system such as gates, multi-
plexer, fl ip-fl ops, and counters. Each student proposed an idea for a real-life applica-
tion that can be developed using those elements. The teams were formed using a 
random algorithm. In the fi rst team meeting, each team member presented his    idea. 
The teams chose one of the ideas, a hybrid of some of the ideas, or an entirely new 
idea for their project. The faculty guided the team’s choice to ensure that it was 
neither too small nor too big and then limited mentoring to encourage students to fi nd 
answers on their own. The team management was completely left to the students. 
They were permitted but not encouraged to escalate team issues to the faculty.  

3.6     Project Evaluation and Grading 

 Though the HCI project was not included in the student’s grade, the cumulative 
results of the teams were presented each class as a competition called the “House 
Cup.” The results from the team’s work were displayed in Moodle along with the 
instructor’s comments. This allowed students to see the mistakes and successes of 
other teams. The students’ grade for the course was determined by their performance 
on two midterm exams and one fi nal exam. 
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 In DS, the students’ grades for the course were based on their projects. The 
 factors considered were comprehensiveness and novelty of functionality, optimiza-
tion and variety in the design, and successful working of the application and its 
presentation. The working and presentation were evaluated once between the  faculty 
and individual teams and second time by different faculty members at a poster show. 
The peer assessment using constant sum scale was used to decide individual 
 contribution and grade.  

3.7     Environment 

 The physical environment for DS was much more conducive to teamwork. DS was 
taught in the lab class where lab benches surrounded the classroom. Each student 
attended one 3 h class once a week. There were about 180 students in the entire class 
with about 24 in each lab class. Toward the end, they found scheduled lab time 
inadequate and had to meet outside the lab hours. 

 The HCI class was taught in a large lecture room that was fi lled with students. 
There were 86 students in the class, which was taught three times a week for an 
hour. There was little room and time for the students to group themselves into their 
teams. So they had to fi nd opportunities to meet each other. 

 In both cases, students seem to have found the time to meet with each other out-
side class as needed. In both classes, they coordinated their activities through email 
and SMS. They met in their hostels, in the canteens, or in empty classrooms after 
regular hours. There were some diffi culties meeting with students who lived off 
campus, and there was some diffi culty for boys and girls to work together since they 
live in different hostels. However, none of the teams found these problems insur-
mountable. All the differences are tabulated as below (Table  1 ).

3.8        Analysis of Outcomes 

 Despite the difference in the courses, the results were surprisingly similar.  

   Table 1    Differences in the two courses   

 Attribute  HCI  DS 

 Organization  Theory  Lab in support to theory 
 Teams  Scrum master in each team  No hierarchy 
 Assignments  Weekly assignments  Single semester project 
 Environment  Lecture classroom  Lab classroom 
 Grading  Tests  Project functionality and working 
 Evaluation  Informal competition  Grade 
 Class size  86  180 total; 24 per batch 
 Meeting time  1 h/3 times a week  3 h/1 time a week 
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3.9     Methods 

 We performed a work practice study of the students in the classes to gather 
 information about their experience. Work practice is a discipline in which ethno-
graphic techniques are used to understand the way people work [ 9 ]. It is a qualita-
tive research technique in which the ethnographer engages the subject in situ. It 
was developed at Xerox PARC in the late 1970s from Harold Garfi nkel’s 
Ethnomethodology [ 10 ]. 

 Here, one of the researchers, who has experience of conducting ethnographic 
studies, interviewed a sample of the groups and analyzed the results for common 
statements.   

4     Results 

 Through our study, we found that students enjoyed the classes and learned more. 
In particular, common reports were:

•    The team project allowed them to work on much larger projects than they would 
have been able to otherwise giving them experience with projects of a more 
realistic size than is usually possible in a semester long course.  

•   Though the project was larger, the individual students did less work than they 
would have had to on a smaller project because the work was spread among the 
team.  

•   Though the students felt they worked less, they felt they learned more because 
they learned from the experience of their teammates in addition to their own 
experience.  

•   Working on the projects was less intimidating than working alone because their 
teammates were available when they ran into trouble, whereas the teacher was 
less available.  

•   The social interaction within the team around technical problem helped them 
make new friends.    

 In other words, the students report that these classes support the three needs as 
described in SDT. It gave them a sense of competence, increased their sense of 
autonomy, and increased relatedness. 

 Their sense of competence was increased because they suffered less stress from 
time pressure even though they accomplished, together, a larger project. Moreover, 
the stress of being stuck disappeared because students could turn to members of 
their team to get either quick answers or confi rmation that they are not the only ones 
who are stuck. 

 Their sense of autonomy was increased by the control they had over the content 
of the projects and by de-emphasis of the relationship between the project and the 
grade. In HCI, the professor did not apply the grade of the team assignments to 
individuals’ grades in the class; instead the grades were posted as a “House Cup” 
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contest. In DS, the students knew that their grade was dependent on their projects, 
but did not care much about it. 

 Their sense of relatedness was increased by the social interaction within the team. 
This social interaction increased their sense of competence (they had someone close 
that they could discuss problems with) and their sense of relatedness (they made 
new friends on their teams). Indeed the connections students made in their teams 
helped them integrate into the college. Some of the students were direct second year 
students—that is, they joined the college in their second year after diploma—and 
they found that the team provided them with a connection to the college.  

5     Conclusion 

 The further development of the Indian software industry will require an increasing 
focus on innovation and entrepreneurship. It requires intrinsic motivation, which 
tends to decrease in traditional classrooms. SDT suggests that TBL can be used to 
foster motivation. Two very different classes were taught using TBL techniques. 
Based on the ethnographic study, we conclude that both the classes succeeded in 
increasing the intrinsic motivation of the students in the class. We will require some 
time to see if this has developed the required entrepreneurial skills. 

5.1     Further Study 

 We fi nd these results encouraging and see scope for further study. We have only 
done a qualitative study. We are gathering questionnaires from the students and plan 
to apply quantitative analyses to those answers. We believe these results will con-
fi rm that the students feel that they have learned more from the class. We also need 
to determine whether the student’s feeling translate into improved behavior in sub-
sequent classes and, more importantly, when they move to the working world. 
Further, every team may not be equally effective. It will be useful to study the team 
dynamics and research ways to steer them toward success. One can apply the 
approach to other engineering disciplines with the requisite changes and reap the 
benefi ts.      
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    Abstract     Open source refers to a computer program in which the source code is 
available to the general public for use and/or modifi cation from its original design. 
Open source tools may be viable alternatives to popular closed-source applications 
and some open source tools offer features or performance benefi ts that surpass 
their commercial counterparts (  http://www.webopedia.com/TERM/O/open_
source.html    ,   http://en.wikipedia.org/wiki/Open-source_software    ). We at BVBCET 
(BV Bhoomaraddi College of Engineering and Technology, Hubli) developed a 
wide range of Software Applications using Open Source Programming Tools and 
Technologies to meet the requirements of managing the Academic Information for 
autonomous engineering colleges. The applications developed using open source 
technologies include (i) Student Information Management System (SIMS), (ii) 
Student Assessment Management and Examination System (SAMS), and (iii) 
Examination Results (eResults). Brief overviews of these applications along with 
the benefi ts are presented in this paper. These tools were found to be very useful for 
managing and administering the information in an autonomous engineering col-
lege and well appreciated and used by the stakeholders for the last few years.  

  Keywords     SIMS – Student information management system   •   SAMS – Student 
assessment management and examination system   •   Open source programming 
 languages and technologies   •   BVB College of Engineering and Technologies 
(BVBCET)  
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1         Introduction 

 Open source technologies offer dynamic applications for real estate tailored to meet 
business development needs. Open source tools are usually available at no charge 
under a license defi ned by the Open Source Initiative. Open source tools may be 
viable alternatives to popular closed-source applications, and some open source 
tools offer features or performance benefi ts that surpass their commercial counter-
parts. The term “open source tools” is synonymous with open source utility and 
similar to open source applications. 

 Our objectives were to develop software which could be user friendly and meet 
the requirements of engineering colleges using open source and open standard. In 
our work, we used open source technology – LAMP (Linux, Apache, MySQL, and 
PHP) to develop a wide range of products required for the management of informa-
tion at BVBCET.  

2     Architecture and Principal Components of Our System 

 LAMP is the acronym used to describe the common open source server architecture 
which comprises Linux, Apache, MySQL, and PHP. 

2.1     Linux: The Server’s Operating System 

 The Linux operating system provides the platform for secure and reliable operation 
of the web server. Access to the fi le system is governed by fi le permissions and 
enforced by the operating system. The operating system also provides interfaces to 
the networks and enforces process and user security [ 1 ].  

2.2     Apache: The Web Server Component 

 Apache is generally recognized as the world’s most popular Web server 
(HTTPserver). Originally designed for UNIX environments, the Apache Web server 
has been ported to Windows and other network operating systems. The name 
“Apache” derives from the word “patchy” which the Apache developers used to 
describe early versions of their software. The Apache Web server provides a full 
range of Web server features, including CGI, SSL, and virtual domains. Apache 
also supports plug-in modules for extensibility [ 2 ].  
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2.3     MySQL: A Relational Database 

 The MySQL database has become the world’s most popular open source database 
because of its high performance, high reliability, and ease of use. It is also the data-
base of choice for a new generation of applications built on the LAMP stack (Linux, 
Apache, MySQL, PHP/Perl/Python). MySQL runs on more than 20 platforms 
including Linux, Windows, Mac OS, Solaris, IBM AIX, giving you the kind of fl ex-
ibility that puts you in control [ 3 ].  

2.4     PHP: The Application Layer 

 PHP is a general-purpose server-side scripting language originally designed for 
Web development to produce dynamic Web pages. It is one of the fi rst developed 
server-side scripting languages to be embedded into an HTML source document 
rather than calling an external fi le to process data. The code is interpreted by a Web 
server with a PHP processor module that generates the resulting Web page. PHP can 
be deployed on most Web servers and also as a stand-alone shell on almost every 
operating system and platform free of charge. The PHP scripts will be used to store 
and retrieve information and to render the HTML page layouts for transmission 
back to the user’s browser by the Apache web server. 

 Figure  1  illustrates the principal components in the architecture of our system. 
LAMP is singularly focused towards Web applications. The architecture is very 
straightforward, as illustrated in Fig.  1 . Linux forwards HTTP connections to 
Apache, which serves static content directly from the Linux kernel. Dynamic pages 
are forwarded by Apache to PHP, which runs the PHP code to design the page. 
Database queries are sent to MySQL through PHP. Administration is commonly 
handled through phpMyAdmin tool [ 4 ].

3         Products Developed and Its Use at BVBCET Using Open 
Source Programming Tools and Technologies 

 The various applications have been developed to meet the requirements of Student 
Information Management, Assessment, and Examination and placed in use. The 
systems developed are running for the last few years without any bugs and serving the 
needs of our college. The applications are user friendly, reliable, cost effective and 
well appreciated by all the stakeholders. Our products are being used by various insti-
tutes run by K.L.E. Society including BVBCET and other institutes from within and 
outside Karnataka. The applications developed at BVBCET are    highly accepted and 
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appreciated by the clients because of a user-friendly interface, error free, seamlessly 
scalable, platform independent and low maintenance and easy to use and implement. 
Our products adapt to changes very quickly. The applications are role based and only 
authenticated users can login to the system. UserIDs and Passwords are provided to 
all the users including the staff and students. The user’s authentication is done by the 
LDAP (Lightweight Directory Access Protocol). LDAP is an application protocol for 
accessing and maintaining distributed directory information services over an Internet 
Protocol (IP) network server. Users with little computer knowledge can use our 
software products very easily. The brief description of the products along with their 
features and few snapshots is presented in the following section. 

3.1     Student Information Management System (SIMS) 

 SIMS is an application for engineering colleges for Managing Students and 
Academic Information. The main goal of this application is to streamline adminis-
trative tasks; manage student information college-wide; improve college to home 

  Fig. 1    Architecture and components of the system       
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communication; allow college to easily make information available online for 
 students, parents, and staff; and allow delivery via the Internet or over campus 
 network to provide the solution that best meets college needs. 

 The various functionalities performed by each module are as follows:

    Administrator Module : This module provides facility to create, edit, delete, and 
manage the following information such as term, programs, department, course, 
and other basic information required by the system such as qualifi cations, states, 
caste, etc.  

   Student Admission : This module handles student admission and other tasks such 
as new student registration, modify admission details and generate admission 
reports    – branch wise, category wise. The module facilitates for division 
allotment (Div A, B, C, etc.) to students and generation of student identity 
cards. The snapshot in Fig.  2  shows the students IA and attendance report 
generated by the application.

      Staff/Faculty Information : This module handles registration of new faculty and 
maintenance of faculty profi les, staff attendance, internal assessment reports, 
news and information, and student activities.  

   Term Management Module : This module handles creation of new terms, subject and 
subject combinations, student promotions, roll number allocation, student 
 allotments to division and batches, subject allotment to faculty, attendance and 
internal assessment, parent reports, and student counseling. The snapshot shown 
in Fig.  3  shows the students attendance report.

      Student Feedback Module : With the help of this module, college can create feed-
back questionnaire. The purpose of this feedback questionnaire is to gather 
 information on students learning experience, as well as student’s responses to the 
course and teacher(s). The information provided by the students will be useful to 

  Fig. 2    Students IA and attendance report       
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teacher(s) as well as to the institute in the ongoing efforts to enhance the quality 
of education. The data provided by the students will be treated as confi dential. 
The student feedback is strictly anonymous – the identity of all students who 
provide feedback is protected. The feedback results will be computed using the 
total scores from the responses from all students and will be released to the 

  Fig. 3    Students attendance report       

  Fig. 4    Student feedback report       
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departments and teachers. Figure  4  shows the student feedback report generated 
by the application.

      The SIMS became very popular and it is capable of delivering all the associated 
academic tasks and even it provides the facility and access to parents to keep a bird’s 
view of their ward’s progress in the classroom.  

3.2     Student Assessment Management and Examination 
System (SAMS) 

 The main objectives of SAMS’ application are to automate the process of 
exam conduction and evaluation. The main functionalities addressed by this 
system are student examination registration, exam hall ticket generation, cap-
turing CIE marks from the departments for the courses offered, online marks 
entry for SEE lab examination, generate course wise candidate list for SEE – 
semester end examination, management of question paper templates, schemes 
and solutions, conduct of examination and encoding answer papers using bar-
codes, answer paper packet issued to evaluators for first/second/third round 
evaluation, entry of student answer paper marks by the evaluator through 
examiners login, finalization of marks based on the marks obtained in various 
evaluation rounds and the policy matter, and exporting final marks to eResults 
module for the calculation of CGPA, SGPA, and publishing exam results. The 
screen shot of SAMS applications describing the various features is shown in 
Figs.  5  and  6 .

  Fig. 5    Student exam registration       

 

Academic Information Management System Using Open Source Programming Tools…



166

3.3         Examination Results (eResults) 

 eResults module computes grades for the marks scored by the students in various 
courses registered for the examination. It takes care of grace marks policy. It computes 
SGPA and CGPA for the results. The eResults modules have the functionalities to 
generate various kinds of reports such as examination result sheet, generation of 
individual student’s provisional grade cards, and grade card printing. Students can 
view their results and examination history using the user ID and password provided 
to them. The various kinds of statistical reports can be generated from this module. 
Figures  7  and  8  show the outputs generated by this module.

  Fig. 6    Student hall ticket       

  Fig. 7    Three rounds of evaluation and fi nal marks          
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4          Customer Feedback 

 The above said applications received good appreciation from the user because of the 
following features:

•    Applications are web based, easily accessed from any system connected to LAN 
using browser.  

•   Offers an easy-to-use interface for any normal user.  
•   Designed to support large amounts of data and simultaneous access by a number 

of users.  
•   The applications are role based and system allows only authorized users to access 

functionalities based on their roles.    

 The applications developed by us are well appreciated by our beloved Principal 
Dr. Ashok Shettar and staff members of our institute. The email content of Principal 
appreciation about this work is presented below for the purpose of support and 
reference.

  Dear Prakash, 
 My heartfelt thanks to you and your team for making almost impossible task into a 

 possible one. I just visited our valuation center and it was great to see your software 
running smoothly all over. I think it was really hard task considering the limited time 
and resources you had, but you have made it happen. Once again thanks and 
congratulations! 

 Regards 
 Dr. Ashok Shettar 
 Principal-BVBCET, Hubli 

  Fig. 8    Exam result sheet       
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5        Conclusion 

 The applications developed are running for the last few years without any bugs 
and serving the needs of our college. The applications are user friendly, reliable, 
scalable, platform independent and easy to use, and can be implemented effectively. 
The applications adapt to changes very quickly. The applications are well appreciated 
by all the stakeholders. 

 Software Applications helped the institute to manage information effi ciently and 
access it at any time as and when required. These systems helped to improve process 
effi ciency in managing large volumes of data and reducing time taken to complete 
the task. These applications led to quicker declaration of results by the examination 
section. The applications developed are being used in fi ve institutes and used by 
more than 6,000 users with a fairly good satisfaction and good system performance. 
The system can be customized for other educational institutes. As the applications 
are developed using the open source software, there is no cost related to software 
licensing.     
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    Abstract     Rajarambapu Institute of Technology (RIT) is established in 1983. RIT 
has gained autonomy in 2011–2012. With the advent of autonomy, we take an 
opportunity to design curriculum and introduce innovative evaluation and assess-
ment methods to ensure better learning. This paper discusses about curriculum 
development process of Information Technology Department. As a fi rst step of 
 curriculum design, process curriculum and cross curriculum competencies    required 
are identifi ed. According to the identifi ed requirements, PEOs and POs are defi ned 
and then IT syllabus structure is formed based on the key areas. To support thinking 
competency, new assessment strategies are adopted such as programming test, mini 
project, quiz, demo, presentations, case studies, etc.  

  Keywords     PEOs   •   POs   •   Innovative assessment methods   •   Information technology  

1         Introduction 

 Exponential growth of engineering institutions in India, although provide opportu-
nity for young aspirants to opt for engineering career, poses enormous challenges to 
develop competent engineering graduates with knowledge, skills, and ethical stan-
dards for global careers. 

 Rajarambapu Institute of Technology is established with the Vision of 
“Transformation of young minds into competent engineers to face global challenges” 
and Mission is “To offer the state of art technical education programmes to shape 
promising engineers with requisite skills, knowledge, research aptitude, values and 
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ethics ensuring rewarding careers” [ 1 ]. RIT has gained autonomy in 2011–2012 
which we look toward as great opportunity to design curriculum sensitive to needs of 
business and industries, implement the curriculum through innovative teaching-
learning methods, and introduce innovative evaluation and assessment methods to 
ensure better learning. The Academic Council of RIT is the highest academic deci-
sion-making body which sets and maintains high academic standards at par with the 
best national and international institutes. 

 The Information Technology Department is established in year 2001. The 
department works with Vision: “Towards Excellence in IT Education and 
Research,” and Mission: “To offer the highest quality of education in Information 
Technology leading to successful career in Industries, Research and 
Entrepreneurship.” Our goals are to establish interactions with local and global IT 
industries and research institutes, to provide students exposure to latest technolo-
gies in IT industries, and to excel in employment and research opportunities. To 
achieve our goals, the department has signed MOUs with TCS, Wipro, Infosys, 
and Kahuna; CSI student chapter is started to motivate professional growth of the 
students. 

 The rest of this paper is divided into three sections. Section  2  discusses about the 
PEOs and POs of IT department and the key areas considered for curriculum design. 
Section  3  discusses innovative assessment strategies adopted by the department. 
Section  4  is about the other activities conducted in the department.  

2      An Overview of IT Curriculum 

 Curriculum design should promote on developing cross curriculum (thinking com-
petence, communication competence, and social competence) and curriculum 
competence [ 2 ] among students. These are the cognitive components of problem 
solving. In curriculum, emphasis should be on knowledge which focuses on the 
key concepts, models, and principles essential for providing understanding of the 
topic being taught and meeting the learning outcomes [ 3 ,  4 ]. PEOs and POs are 
designed according to the norms of AICTE [ 5 ] and to meet curriculum 
requirements. 

 Programme Educational Objectives (PEOs):

    1.    To provide students with a sound foundation in Information Technology theory 
and practices to analyze, formulate, and solve social and engineering 
problems   

   2.    To develop an ability to design algorithms, implement programs, and deploy 
software   

   3.    To develop an ability to analyze, interpret, and communicate data using 
Information Technology   

   4.    To provide an excellent environment for developing professional skills compris-
ing ethical attitude, effective communication, leadership, and teamwork     
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 Programme Outcomes (POs):

    (a)    Graduates will demonstrate knowledge of mathematics, science, and 
engineering.   

   (b)    Graduates will be able to identify, analyze, and formulate engineering and 
social problems using IT.   

   (c)    Graduates will be able to analyze and interpret data for modeling, designing, 
and developing software.   

   (d)    Graduates will have an ability to design and develop software systems of vary-
ing complexity to meet the desired needs.   

   (e)    Graduates will be able to make use of modern tools to evaluate and implement 
computer-based systems.   

   (f)    Graduates will be able to communicate information effi ciently, reliably, and 
securely using computer networks.   

   (g)    Graduates will be able to succeed in competitive examinations such as GATE, 
GRE, and various professional certifi cations in IT.   

   (h)    Graduates will exhibit professional skills and ethical responsibilities.   
   (i)    Graduates will be able to communicate effectively in both verbal and written 

form.   
   (j)    Graduates will be able to work effectively in teams and have enduring learning 

skills.   
   (k)    Graduates will be able to analyze the impact of engineering solutions on indi-

viduals, society, and environment.     

 The objective of Curriculum design is to emphasize on courses that enable 
 students to apply their technical knowledge to face a variety of technological chal-
lenges   . Hence the following job profi les were considered as core requirements for 
curriculum design: (a) Software Engineer (Developer, Tester, Analyst, Architect, 
Integration, Designer, etc.), (b) Database Administrator, (c) IT Manager (Process, 
Project, Enterprise and Resource, Information Services, and Business), (d) Network 
and Communication Engineer, (e) Research Fellow Education, and (f) Higher 
Studies. Each stream is identifi ed and assigned weightage based on the needs of 
students and industries as in Table  1 . Considering the streams and its weightages, 
courses are identifi ed and syllabus structure is fi nalized in BOS meeting.

   Table 1    Stream and possible weightage   

 Sr. no.  Name of stream  Possible weightage (%) 

 1  Basics of computer science  10–15 
 2  Electronics and computer hardware  10–15 
 3  Design and analysis techniques  35–40 
 4  Problem-solving techniques  5–10 
 5  Computer networking  15–20 
 6  Topics in computer systems  15–20 
 8  Professional ethics and responsibilities  5–10 
 9  Advanced topics  5–10 
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3         Unique Features of IT Curriculum 

 Keeping the perspective of employability of students and knowledge gain, some 
innovative components are added in the curriculum. These components focus on 
advanced knowledge and overall development of the students. 

3.1     Professional Skills Development (PSD) 

 As per the feedback from companies students require effective communication 
skills. Professional Skills Development Courses are introduced in three semesters to 
enhance their communication skills. Globarena software is used as an interactive 
learning software where students can learn and attempt online tests. A student can 
achieve a level of competency required for industry by adapting this course. 

3.1.1     Professional Training 

 As the institute is in rural area, students need exposure to outside world; the 
“Professional Training” course aims to give opportunity to interact with industry and 
gain the experience of industry environment. As a part of this course, each student 
needs to complete a professional training during vacation. The “successful comple-
tion of training” will be assessed on recognized certifi cation or through project work.   

3.2     Programming Course 

 As a developer, students are expected to have new programming skills to stay rele-
vant in the fast-paced tech world. Hence the programming languages that are in 
demand by employers are identifi ed and introduced in syllabus. Some of them are 
C, C++, ASP.NET, JSP, and PHP. Taking into consideration the importance of this 
course, an innovative assessment strategy has been adopted, discussed in Sect.  4.3 .  

3.3     Community Services 

 The department is not only focusing on technical growth but also on the social 
responsibilities of the students which makes them better citizens. Hence community 
services are introduced to make students aware of community and its needs. Students 
are asked to perform communal activities such as training school children from 
rural area and so on.  
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3.4     Latest Knowledge in IT Technologies 

 As we know technologies are changing rapidly, students are expected to adapt to 
new technologies to compete in the IT fi eld. So the department has introduced a new 
core subject consisting introduction to new technologies evolved in past 3 years and 
the subject is revised once in 2 years.  

3.5     Mobile Application Development 

 With the growing number of Smartphone and tablets, companies are looking at how 
they can use mobile tools. There is a need for skilled developers and designers who 
are familiar with the mobile application process. In this view, mobile application 
development course is introduced to the students where they will learn core skills in 
mobile design and development.  

3.6     The Free and Open Source Software (FOSS) 

 FOSS model provides interesting tools and processes with which students can cre-
ate exchange, share, and exploit software and knowledge effi ciently and effectively. 
Advantages such as increasing interoperability, reducing costs, enabling localiza-
tion, and reducing piracy/copyright infringements are compelling reasons for adopt-
ing FOSS. FOSS focuses on PHP, PERL, MySQL, Linux, and Apache.  

3.7     Mini Project 

 In this course students develop understanding of underlying theory through working 
on mini project. Students are encouraged to come up with innovative thoughts or 
develop the projects to solve simple real-world problems. For example a team of 
students has to visit the shops and collect their requirement to develop a software 
which satisfi es their needs, and provides maintenance facility   . This will improve 
their ability to work in teams.   

4      Innovative Assessment Methodologies 

 The important considerations when planning assessments are that it should meet 
course outcomes, awareness of its impact on students, establishing criteria for stu-
dent assessment, and establishing fair grading procedure to minimize the marker 
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bias [ 3 ,  4 ]. According to rules and regulation each semester has three evaluation 
schemes, in semester evaluation (ISE), mid semester evaluation (MSE), and end 
semester evaluation (ESE) of 20 %, 30 %, and 50 %, respectively. Each course may 
have two or three types of assessments in ISE. They are planned well before and 
dates are displayed at the commencement of the semester. 

4.1     Quiz 

 Students are evaluated based on their concept understanding and applying knowl-
edge to solve a given problem in a smart way. Quiz is launched using moodle server. 
It helps them to prepare for competitive exams such as GATE, GRE, and technical 
tests for campus interview.  

4.2     Presentation 

 As per the feedback from industries, students should improve their soft skills; hence, 
presentation helps them to improve their presentation skills and encourage 
self-learning.  

4.3      Programming Test 

 Programming skills are required for being a good developer and a new evaluation 
strategy is adopted. Question paper is divided into two parts consisting of objective 
and programming. During the programming test a team of experts will evaluate the 
students’ programs. So far we have applied this strategy for C++ and Java and found 
signifi cant improvements in students’ programming skills. The result analysis for 
Java course during the year 2013 is as follows: (Table  2 , Fig.  1 )

   Table 2    Result analysis of Java course   

 MSE (total 91 students, out of 30 marks) 

 0–5  6–10  11–15  16–20  21–25  26–30 
 07  05  27  32  12  08 
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4.4         Demo 

 To develop interest in a subject, a topic related to curriculum is given to students 
where they demonstrate concept practically in labs which allows them to think and 
analyze topic and gain in-depth knowledge. For example in operating systems, 
group of students were asked to study UNIX commands and show the working of 
the commands practically.  

4.5     Case Study 

 Students are asked to choose the topic relevant to the curriculum and study which 
includes different tools, applications, devices, etc., and prepare a report and present it. 
For example in the subject Computer Network and Security, different security related 
tools such as Maltigo, Aircrack, Keepass, sniffi t, Snort, etc., were taken as case study.   

5     Other Practices for Strengthening Academic Culture 

5.1        Programming Challenge Activity 

 To increase the competitive spirit among the students, this activity was started. Under 
this weekly different technical and nontechnical problems are given to students, so 
that they will get better realization of real-world problems. Attractive prizes are given 
to winner of the challenge by the department to encourage their participation.  

  Fig. 1    Java result graph       
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5.2     Aptitude and Technical Tests 

 Aptitude and Technical Tests (ATTs) per week are conducted for fi nal and prefi nal 
year students in the view of preparation for campus placements. We use Globarena 
software for practicing aptitude test.  

5.3     Student Association 

 The Students Association is formed in the department with the name “ELITE” 
(Emerging Leaders of Information Technology) which works to strengthen 
communication, effectively address student concerns, and promote a culture of 
academic excellence. Under this, some Social Activities, Institute Level Events, 
Department Level Events are conducted. To increase students’ participation and to 
motivate, awards such as Best student of the year, Best Programmer of the year, and 
Best IDEA are given.  

5.4     Quality Circle 

 Quality Circle is an informal group of employees who voluntarily meet together on 
a regular basis to identify, defi ne, analyze, and solve work related problems. Every 
year a new problem statement in the department is identifi ed and worked on it. This 
year we have identifi ed Problem Statement as Diffi culty in Understanding Subjects.  

5.5     CSI (Computer Society of India) 

 RIT is a member of CSI and also we have a student branch of CSI for CSE/IT 
departments. We organized different events under student chapter such as PRO- 
YUDDHA’11, TECHNOSPHERE which includes project competition and on the 
spot paper presentation at the university level. Also technical seminars and work-
shops are arranged.  

5.6     Competitive Exam Cell 

 Aim of the competitive exam cell is to encourage students to go for higher studies. 
This year 45 students are registered for GATE and few are interested in PUSs. 
During vacation crash courses are arranged for students. To encourage students 
mock tests are conducted on every Saturday.  
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5.7     Toast Master 

 The importance of the English language cannot be overemphasized. Comfort with 
English is almost a prerequisite for success in the world today. Some of the activi-
ties conducted in toast master are as follows: Skit, Games, Group Discussion, 
Presentations, Video Lessons, Movie Class, Survival English, and Line Dialogue. 
This activity is conducted thrice in a week.   

6     Conclusion 

 This paper discusses curriculum design process adopted in RIT IT department. The 
paper has also discussed about innovative practices followed to strengthen academic 
ambience in the department. We have attempted to give innovative thoughts to dif-
ferent diffi culties, weakness identifi ed in the achievement of PEOs. As curriculum 
design is a continuous process, we believe that exploring new methods and ideas are 
integral components of any good academic system.     
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    Abstract     Indian Information Technology (IT) industry has witnessed unprecedented 
growth since the mid-1990s. Being a people-centric business, IT companies have 
continuously innovated to attract and retain talent needed to sustain the business 
growth. The rejection rate of on-campus recruitment performance has evidently 
indicated the necessity to enhance the students’ technical and behavioral knowledge 
and skills. Inadequacy in teaching and learning infrastructure such as faculty, indus-
try-relevant content, powerful assessment methods, and accelerated learning aids has 
impacted employability. The Industry Readiness Program has become essential to bridge 
the skill gap for making the engineering graduates ready for the IT industry. Engineering 
students who successfully get exposure to such an industry readiness training program 
can become productive from day 1 in IT industry. This paper talks about the design and 
implementation of such an industry readiness. This program has also contributed a 
part of the National Association of Software and Services Companies (NASSCOM) 
Fundamental Skills of Information Technology (FSIT) program along with other IT orga-
nizations for the students to augment them at par with the IT industry requirements.  

  Keywords     Industry readiness   •   Technical foundation   •   Employability   •   NASSCOM   
•   FSIT  

1         Introduction 

 Infosys has an extensive educational infrastructure and is one of the largest in the 
world. The charter of the Education and Research Department, the corporate learn-
ing unit, is to enhance the client delight, support the company’s vision, and meet 
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employee aspirations by developing the competency of Infoscions in technical, 
behavioral, domain, project management, and leadership areas. One of the strategic 
functions of the unit is the “industry-academia partnership program” – Campus 
Connect (CC) Program – which aims at implementing a large systemic change in 
engineering education by collaborating with colleges to create industry-ready IT 
workforce. The problem exists in the two dimensions: quality and quantity. The 
quality gap is between the competencies such as technical and soft skills, process 
awareness, and English language of fresh engineering graduates that are essential 
for the IT industry profi ciency. The program was designed with a principle of 
Engage-Enhance-Sustain. We have successfully completed the Engage and Enhance 
phases and are currently in the Sustain phase. 

 CC was launched in May 2004, with 60 Indian colleges. The initiative was aimed 
at deepening industry-academia bonds and building a strong footing for the future 
needs of both academia and the IT industry. The global initiative focuses on crafting 
industry-ready IT professionals, by aligning engineering talent with the current needs 
of the industry. As of June 2013, CC partnered with 355 colleges in their pursuit of 
excellence and trained 198,267 students through technical programs (generic and 
domain) and 68,348 students in soft skills, totaling over 266,615 students nation-
wide. It has enabled over 9,245 faculty in technical and soft skills through various 
faculty development programs (FEP).    Currently working with policy- making bodies 
to include industry centric electives, including behavioral skills, in autonomous engi-
neering colleges to make students industry ready, when they graduate (Fig.  1 ).

   Its initiative is driving the quality enhancement of the IT pool by offering about 
12 different types of programs. These programs are targeted for various stakeholders 
such as students, faculty members, and college in a consistent, predictable, and 
effective way. This paper describes the initiative Fundamental Program, its proven 
courseware, methodologies, and education experiences that promoted developing 
technical skills for the students with integrated tracking capability for end-to-end 
deployment management.  

  Fig. 1    CC program approach       
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2     Literature Survey 

 Software lobby NASSCOM says only 25 % of graduates coming out of academia 
are employable. The World Economic Forum’s Global Talent Risk report (2011) 
cautions that developing countries like India and Brazil will also face low employ-
ability due to lack of skilled talents. There is a wide gap between the skills required 
in industry and those provided by the education system [ 1 ]. The report,  Global 
Talent Risk – Seven Responses , analyses projected talent shortages by 2020 and 
2030 in 25 countries, 13 industries, and 9 occupational clusters [ 2 ]. According to 
the Computing Technology Industry Association (CompTIA), more than 15 million 
businesses rate the aggregate skill levels of their IT staff as less than optimal, and 
93 % of employers indicate that there is an overall skills gap among employees. 

 NASSCOM is predicting that IT industry would continue to grow at healthy 
growth rates over the next decade leading to a continuing demand for a skilled 
workforce. The IT industry and its human resource would need to build consulting 
capabilities (architecture, application selection, solutioning, and process engineer-
ing/reengineering) to help them tap into higher value projects which would have 
several downstream revenue spin-offs [ 3 ]. The challenges that today’s IT company 
is facing are (1) incomplete competencies from the input talent pool and (2) inade-
quate industry orientation and inability to apply the concepts learned during under-
graduate engineering education. The gap exists and hence IT industries provide 
intensive training to joinees for about 3–6 months before they could contribute to 
client project. If students in the institutes are exposed to what they get trained, then 
they are better organized to take on the challenges once they join the industry.  

3     Background 

 The    IT industry is mounting at a vigorous rate with businesses deeply dependent on 
IT applications for their operations. Today’s enterprises are utilizing IT outsourcing 
as a strategic means to achieve business goals such as reduction of cost, business 
innovation, and competitive advantage. The IT services industry is, by nature, people- 
centric. The quality manpower demand has been rising continuously. Quality man-
power is indispensable for IT industries to remain ahead of competition in the global 
marketplace. The necessity for industry-academia partnership has been intensely felt 
to enhance the industry readiness of engineering graduate workforce to address the 
problem of quality engineering education in India that has got around 4,753 engi-
neering and MCA institutions. The problem is colossal and necessity is to work with 
a signifi cant number of these institutions to make an impact. The offerings of this 
practice should be designed with scalability as one of the crucial criteria. 

 It is extremely important that if students in the college are prepared to become 
industry ready, then they are better equipped to take on the challenges once they join 
the industry. The two ways to deal with this are as follows:
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•    Designing and deploying training programs to the students – scalability and 
sustainability are the key issues of this approach.  

•   Reaching out to the students through the faculty and leveraging technology of the 
alliance institutions.    

 This approach involves enabling faculty members to develop the students with 
the aid of technology. This model was adopted in designing the framework. 

 An initial survey was conducted with target stakeholders – engineering students, 
faculty members, institution management, and experts from the industry. This helped 
in identifying their needs of this program. Based on the research, industry expecta-
tions, and the recommendations from several stakeholders, two courses were identi-
fi ed, namely, technical and soft skills, and the courseware is deployed on a digital 
platform to reach the large scale. Several external agencies/partners are involved in 
the execution of this project. The program has carved out logical parts of the techni-
cal and soft skills courses, leveraged IT industry best practices, and infrastructure of 
institutions to deploy offerings and training programs in a consistent, scalable, effec-
tive, and sustainable way. The design decision was reached based on three important 
criteria, namely, scalability, measurability, and sustainability.  

4     Design 

 The core of the CC program is the Fundamental Program (FP) rollout for the 
students at the institutes. The program’s courseware represents the intellectual prop-
erty and experience of training thousands of entry-level engineers from diverse 
backgrounds, disciplines, and regions to deliver solutions to global customers. 
It provides the faculty members with unique teaching aids and consolidated training 
material to help them make students industry ready. This courseware has been used 
to train entry-level engineers. This is typically delivered as classroom sessions 
coupled with extensive hands-on exercises and assignments. 

 The Program 3.1 is the latest version offered in the year 2011 and currently offers 
six courses and Integrated Project along with newly incorporated ways with the help of 
rubrics methodologies for assessing students’ performance. Integrated Project is the 
crucial component of it. The duration of this program rollout is 55–65 classroom con-
tact hours along with dedicated 25–32 working hours at the laboratory for Integrated 
Project Development. The enhancements on these program offerings and processes are 
based on the amendments in the Generic Program at the company’s Global Education 
Center (GEC) and the inputs and feedback received from the partner colleges. 

 The entire modules are followed in a sequential manner. The rationale behind is 
the competencies needed to be developed for becoming a software professional. 
The students need to comprehend the computer and its components as they would 
be working on it to develop solutions. To identify and solve a problem, knowledge 
of the problem is very essential. Any software applications developed require an 
operating system – development and deployment. The knowledge of programming 
and testing is required to build and test an application. There has been a paradigm 
shift in the development methodologies and hence the object-oriented concepts. 
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Java has been the popular language and hence taken as a vehicle. Lastly, an application 
interacts with data; hence, the knowledge of data management is required. Project 
development is associated with it, keeping in mind the hands-on experience and 
understanding the courses cutting across. In addition, there are few tools included in 
order to make the student familiar working with it. Tools provide an effective means 
to implement a repeatable and predictable process. The advantages of using tools 
are as follows:

•    Reduced development effort, time, and cost  
•   Increased productivity and quality  
•   Get products to the market faster    

 Raptor, PMD, and JUnit are open-source tools recommended for the PST and 
OOC with Java Module. Moodle, an open-source course tool, is recommended to 
conduct the program assessments. The courseware is made available digitally in the 
CC portal (  http://campusconnect.infosys.com    ). The accessibility has been made 
easier with the better representation of the different version of courseware at the 
same page for easy readability (See Fig.  2a and b ).

   Faculty members are responsible for rolling out the program at the institute. This 
facilitates the scalability and sustainability of the program. FEP are conducted at 
institution to enrich the knowledge of faculty members with technology application 
examples and experiences, usage of latest tools, case studies, generation of new case 
studies, project execution, and assessment methods to enhance courseware delivery 
effectiveness and leverage the same to the students.  

5     Methodology 

 The process of rollout is divided into three phases – pre-deployment, deployment, 
and post-deployment – for the ease of understanding. Pre-deployment involves 
planning and preparation for the program rollout. Deployment involves the delivery 

  Fig. 2    ( a ) Courseware download statistic. ( b ) Courseware in the portal       
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of courses and assessing student performance. Post-deployment involves student 
counseling, reporting, and feedback. Figure  3a, b , and  c  depict the entire process. 
Figure  3d  depicts program execution.

   The batch data is fully managed using the portal. The College Single Point of 
Contact (SPoC) uses their login credentials and selects the option Fundamental 
Program → Inbox →    “Plan a batch” screen. College SPoC provides the details like 
batch anchor, faculty members, course dates, and student details while uploading 
the batch plan. Every new batch submitted on the portal goes through an approval 
process. Development Center (DC) SPoC approves/resends the batch after careful 
evaluation of the batch plan. A unique batch identifi er gets generated for every 
approved batch. This batch identifi er is used for the purpose of tracking and closure 
of the batches. After the Fundamental Program batch plan is created and approved 
for execution and the student selection is completed, the college is all set to start the 
fi rst component of the Fundamental Program, i.e., pretest. It is to be conducted 
before the delivery of the fi rst module of the program. The expected mode of 
deploying pretest is online. The objectives of this pretest are as follows:

    1.    To gain insight into the practicality of this program   
   2.    To provide understandings of relevance and importance of the each module   
   3.    To provide a feedback to students    

•  Road-show

•  Announcement of the FP training

•  Students Selection

•  Plan batches

•  Rollout plan Preparation

•  Upload the rollout plan on CC Portal for review

•  Course schedule Planning

•  Display of program schedule

•  Resources allocations and readiness of material

•  Plan for Pre-Test

•  Feedback Collection from Students
•  Counsel Students

•  FP Completion Report Generation to
   share with College Mangement
•  FP Improvement Feedback from
   faculties

•  FP Course Completion Letter
•  FP Closure Report on CC Portal
•  Issuing of Certificates
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  Fig. 3    ( a ) Pre-deployment steps. ( b ) Deployment steps. ( c ) Post-deployment steps. ( d ) Program 
fl ow diagram       
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  After the completion of pretest, the session delivery for the fi rst three courses – 
Introduction to Computer Systems (ICS), Problem Solving Techniques (PST), and 
Operating Systems (OS) – would start. These three courses set the necessary 
groundwork required for the next level courses. The fi rst online assessment 1 is to 
be conducted for the batch after completing the courses – ICS, PST, and OS. The 
case study or assignments and the Conceptual (C) Analytical (A) Memory (M) and 
Practice (P) (CAMP) Model-based question papers should be sent to respective DC 
SPoC for review before conducting the assessments. The retest option is available. 
A doubt clearing session is to be arranged before Course Delivery 2. The objective 
of conducting the doubt clearing session is to provide a platform to students to 
clarify doubts about the course focus areas if any. Programming and testing (P&T), 
Object-Oriented Concepts (OOC) using Java, and Relational Database Management 
Systems (RDBMS) are the courses to be delivered in the second set of course deliv-
ery. During the course delivery of these, few classroom hours are to be utilized to 
provide the understanding on the Integrated Project Development. This includes 
giving exposure to the system requirements, deliverables, standards to be followed, 
and execution map and project assessment framework. Online assessment 2 test is 
based on the courses such as P&T, OOC using Java, and RDBMS. The case study 
or assignments and the CAMP-based question papers should be sent to respective 
DC SPoC for review before conducting the assessments. Like online assessment 1, 
a retest 2 and a doubt clearing session are to be completed. The Fundamental 
Program test question papers are set based on the CAMP model of assessment. The 
distribution of questions recommended over the different aspects of CAMP model 
should typically be C + M = 20–30 % and A + P = 70–80 %. The context setting for 
Integrated Project starts during Course Delivery 2. The project briefi ng should start 
along with P&T course for better understanding of it. Faculty can spend approx. 8 h 
for setting context for the Integrated Project Development and exposure to the sys-
tem requirements and deliverables.    Every student fulfi lling the following certifi ca-
tion criteria for successful completion of the program is eligible to get Fundamental 
Program Certifi cate:

•    Attendance with minimum attendance required for classroom sessions is 75 %.  
•   All the tests, case studies, and assignment are completed.  
•   Integrated Project Development.  
•   Total score in the assessments equal or more than 60 % (i.e., total number of 

marks earned equal to or more than 150 out of 250).    

 On completion of rollout, the College SpoC uploads the closure report on the 
portal and informs the DC SPoC so that he/she could add further information to 
the fi le for internal processing and analysis. On receiving the closure report from the 
portal, the team verifi es the data and processes the issuing of the certifi cate. The 
number of students who should receive certificates from the data provided in 
the closure report is identifi ed. The College SpoC is provided with a complete work-
fl ow of the Fundamental Program process document. This is also uploaded in the 
portal for reference.  
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6     Result and Discussion 

 The data is shown from the year 2009 as it is automated in digital infrastructure 
(see Fig.  4a  and  b ). Figure  4c  and  d  highlight the distribution of the program in 
terms of batches and students.

  Fig. 4    ( a ) Program status FY 2010 and 2011. ( b ) Program status FY 2012 and 2013. ( c ) Program 
batches from FY 2010 to 2013. ( d ) Students from FY 2010 to 2013         
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Fig. 4 (continued)

7        Impact 

 Feedback had been gathered for the better alignment of the offerings to the need 
of the stakeholders and business. Survey has been conducted to understand the 
faculty/college management perception on the usefulness and relevance and also 
to measure the impact of it on employability/academic performance of the stu-
dents to gather inputs on modifying its offerings. The portal had been used to 
upload the questionnaires to reach out to the stakeholders – faculty and manage-
ment (Fig.  5 ).
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   The ratings are on the scale of 0–4. From the survey of the faculty and manage-
ment, it is observed that Fundamental Program has been able to provide the building 
blocks for the students in terms of their academic results and enhancing the 
 employability to large extent.  

8     Conclusion 

•     Fundamental Program is being delivered to students of engineering colleges as 
one of the levers to augment the technical foundation and enhance employability 
by creating awareness for problem-solving skills without any business interest.  

  Fig. 5    ( a ) Faculty survey results. ( b ) Management survey result       
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•   This has demonstrated that if the student is motivated and provided with industry 
best practices and requirements for learning, he/she can be made industry ready.  

•   Currently, thought process is on to move the program to blending learning meth-
odology with most of the content available online along with limited intervention 
of faculty members for doubt clearing sessions, project guidance, and proctoring 
the online assessment.  

•   As per the learning needs of current generation, the plan is also to convert the 
session presentations into e-learning contents and spoken tutorials. In order to 
check the learning goals of the learner, various online quizzes and assignments 
are getting design for formative assessment.        
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    Abstract     The application of cloud computing in education not only relieves the 
educational institutions from the burden of handling the complex IT infrastructure 
management but also leads to huge cost savings. The motive of this paper is to 
encourage the usage of cloud computing in the education sector, especially during 
disaster for the smooth running of the system. Traditional techniques used for disas-
ter recovery were very costly. The education sector could not afford this because of 
limited funds. But with the advent of cloud DR, it is now possible for education 
system to go for disaster recovery techniques for securing of data during disaster. In 
this paper, the various cloud computing-based disaster recovery techniques and 
their benefi t to the schools and university systems have been discussed. The tradi-
tional education management systems have also been discussed and a model has 
been proposed for their implementation using the cloud computing platforms.  
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1         Introduction 

1.1     Disaster in Education 

 A disaster is a “natural” or “man-made [or technological]” hazard resulting in an 
event of substantial extent causing signifi cant physical damage/destruction, loss of 
life, or drastic change to the environment. When it comes to the education sector, 
the repercussions are much more intense. In the education sector, the important 
features are repository, examination, result, fees, and all important circulars related 
to students and faculty and future endeavors of an institution. A disaster event that 
causes signifi cant loss of university’s records has the potential to cause major dis-
ruption to the university’s ability to operate effectively. Further, this can    result in 
monetary loss and loss of creditability and goodwill of the university. Traditionally, 
for recovery of documents, “tape backup” was generally used by various organiza-
tions, but there were more chances of failure of tape backup during “disaster.” Also 
tape backup solution requires retrieval and loading of the backup through a mechan-
ical solution which is further a time and resource issue. Disaster had very strong 
impact on the work of universities and colleges in the past and present too. One of 
the examples is Takshila High School in Agastyamuni, Uttarakhand, which was 
washed away in the fl oods. In fact, there are so many colleges and schools of 
Uttarakhand submerged and damaged in the recent fl oods. Since all schools    and 
colleges were using the traditional ways of teaching and document recovery meth-
ods, now it will take several months for the normal work of damaged schools and 
colleges to resume. 

 To overcome similar instances of disasters and the smooth running of educa-
tional institutions, “cloud computing” is the best way to survive. It is a recent con-
cept that is still evolving across the information technology industry and academia. 
Lots of defi nitions have been given for cloud computing. The National Institute of 
Standards and Technology [ 1 ] defi nes cloud computing as    “a model for enabling 
convenient, on-demand network access to a shared pool of confi gurable computing 
resources [e.g., networks, servers, storage, applications, and services] that can be 
rapidly provisioned and released with minimal management effort or service pro-
vider interaction”. The advantage of    using cloud computing in the education sector 
is that the data can be retrieved and restored almost immediately and also it offers 
mobility to ensure the continuity of the education system. It also ensures the data 
integrity by replication and mirroring of the existing systems along with the back-
ups, resulting in various solutions during disaster. This can be done by setting auto-
matically upload data from your servers at predetermined times and dates. All data 
being uploaded and/or downloaded is encrypted so it is safe and secure to use cloud. 
Moreover, due to its cost-effectiveness and scalability and fl exibility features, cloud 
computing is gaining success in the education fi eld. Cloud computing can be used 
to support cooperative learning and e-learning based on the environment of cloud 
computing and reform the computer fundamental curriculum in universities for han-
dling the disaster effects on the education sector; various players like IBM, Amazon, 
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etc., came forward to help the universities and colleges. For this, IBM    constructed 
an education platform based on cloud computing for teachers and students with 
high performance and fl exible scalability at Carnegie Mellon University, 
Massachusetts Institute of Technology (MIT), Stanford University, and the 
University of California, Berkeley, in 2007. The North Carolina Graham primary 
school and SIMtone Corporation    launched “universal cloud computing services” 
for the school teachers and students through virtual computer desktop. Many col-
leges and universities had collaborated on the formation of Virginia Virtual 
Computing Lab aiming at providing online education materials, including the use of 
application software, computing, and storage service [ 2 ].   

2     Traditional Disaster Recovery Versus Disaster Recovery 
Through Cloud 

2.1     Traditional Disaster Recovery [DR] in Education 

 Traditionally, the education system relied on the level of service required either in 
terms of cost or speed during disaster. Basically in education we are sensitive about 
the cost as most of the organizations work on “no profi t, no loss” scheme.    Traditionally, 
disaster recovery [DR] in education sector focus more on investments in data server 
and connectivity; which itself is a big burden for colleges and universities. A lot of 
time is consumed to make DR site live that will lead to huge data loss. Sometimes 
manual operations may be required to start the site at the time of nonavailability of 
connectivity. But it can take days or weeks to recover the data, and because of the cost 
constraints, the education system cannot go for high recovery models; adopting those 
models can increase the cost, so traditional disaster recovery solutions, including tape 
backup, totally failed to deliver the desired RTO and RPO within the budget.  

2.2     Cloud-Based Disaster Recovery: A New Approach 

 Cloud-based disaster recovery is becoming more popular in the education sector 
because of its number of advantages. As the DR exists within the cloud, it reduces 
the up-front capital expenditure. Availing DR as a service [DRaaS] confers many 
benefi ts, out of which cost plays an important role. “Compared to traditional DR, 
there is a signifi cant cost saving in the case of Cloud-based DR, and also, CAPEX 
is near zero,” as per Wasim of Sapient [ 3 ]. 

 Forrester defi nes cloud-based DR solutions as falling into one of the three main 
categories: do it yourself [DIY], DR as a service [DRaaS], and cloud-to-cloud disas-
ter recovery [C2C DR]. Each model has a distinct set of benefi ts. The cloud also 
offers better fl exibility and tracking of RTO and RPO. Some cloud providers 
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 including Microsoft with Azure provide inbuilt DR for data services such as storing 
data copies on multiple data centers across geographies as part of the storage service 
itself. According to Cisco’s D’Souza, a key advantage of cloud-based DR over the 
manual, runbook style of DR process execution was nothing less than the fact that 
it minimized downtime and offered the lowest RTO. There are various metrics 
which are used to calculate the disaster recovery services with respect to different 
factors, and these are as follows. 

2.2.1     Metrics Used for Good DR Services According to Cost 

•     Recovery Time Objective [RTO]: It can be calculated by the amount of time 
between an outage and the restoration of operations. RTO is also dependent on 
the various techniques used for the backup and type of application; this may 
involve additional manual steps such as verifying the integrity of state or per-
forming application, restoring of data operations, and scheduling of recovery 
tasks to be done effi ciently [ 4 ].  

•   Recovery Point Objective [RPO]: It can be calculated by the point in time 
where data is restored and refl ects the amount of data that will be ultimately 
lost during the recovery process. The necessary RPO is generally a business 
decision – for some applications, absolutely no data can be lost [RPO = 0], 
requiring continuous synchronous replication to be used, whereas in other 
applications, the acceptable data loss could range from a few seconds to hours 
or even days [ 4 ].  

•   Performance: It can be calculated by the impact of normal operations of system 
after the recovery of documents.  

•   Geographic Separation: It is important that the primary and backup sites are 
geographically separated in order to ensure that a single disaster will not impact 
both sites. Increasing geographic distance can lead to high cost and greater net-
work latency.     

2.2.2     Metrics for Good DR Services According to Backup 

•     Hot Backup Site: Hot backup site is the most effi cient and expensive site. This 
site provides the access to the database even after the disaster occurs with mini-
mal RTO and RPO. It can also have the largest impact on normal application 
performance since network latency between the two sites increases response 
times. Recovery through a hot backup site can take place within a few hours 
due to the fact that the hot backup contains a replica of the current data in the 
data center.  

•   Warm Backup Site: A warm backup site is a site that is already equipped with 
hardware that contains a backup of the information that is contained in the data 
center. Warm backup uses the standby servers to run the application after failure 
but is kept only in a “warm” state where it may take minutes to display them 
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online. Warm backup slows down the recovery process but also reduces cost. 
So in warm backup, the server resources to run the application need to be 
 available at all times, but current cost such as network bandwidth and electricity 
is lower during normal operation.  

•   Cold Backup Site: It is also known as offl ine backup. In this site, data is often 
only replicated on a periodic basis, leading to an RPO of hours or days. It can be 
diffi cult to support business continuity with cold backup sites, but these are 
cheapest options for applications that do not require strong protection or avail-
ability guarantees. With a cold backup site, everything that is required to restore 
service must be delivered to the site making restoration efforts from the cold 
backup site to full operation tedious and time consuming. It is the best suited 
metric for the education department.       

3     Cloud to Education During Disaster 

3.1     Challenges in Education Before Cloud 

 Schools and colleges remain grounded and governed by a highly rigid world that 
depends on the certain roles, strict powerful rules and regulation of the system, a 
concrete place, a strict set of content, syllabi, and a bureaucratic environment where 
students are considered inferior to the faculty in each and every aspect of the learn-
ing process. One of the main challenges of the education system before cloud was 
the forceful closing of the classroom teaching because of an unexpected natural 
disaster like cyclone, fi re, etc. The second challenge was the non-recovery of exact 
documents due to server failure or fi re in the server room or any man-made disaster 
like intentional deletion of fi les by someone. As we know, the education system 
does not have so many funds to spend on DR techniques. Traditionally, the educa-
tion sector provides their own disaster recovery procedures in isolation of other 
organizations and is often disparate in nature. This leads to different approaches 
used to ensure data recovery, and these approaches involve storage area network 
(SAN)   , tape backup, and third-party contractors offering an off-site solution.  

3.2     Solution 

 Cloud computing is a fl exible delivery model for information and communication 
technology (ICT) services at the time of disaster that uses powerful systems and 
networks with high transfer rates. It leverages distributed hardware and software 
resources and shared redundant, multi-tenant platforms that deliver a high degree 
of scalability. Utilizing a cloud solution to deliver disaster recovery [DR] and 
business continuity planning [BCP] is an emerging technology, although not 
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supporting directly the pedagogy of teaching and learning as such. The DR within 
the education system is to protect data and run the system smoothly during disas-
ter. There should be proper contingency procedures and plans for accommodating 
the changing needs of the organization and ensuring data integrity during disaster. 
Cloud computing offers schools, colleges, universities, and others a low-cost 
option for using high concept computing systems. Only an Internet connection is 
needed by universities or college which is further available at a low cost. The 
advantage of cloud is that the data can be retrieved within a few seconds, whereas 
a current tape backup solution will require the retrieval and loading of the backup 
tapes    into a mechanical solution which is further a time and resource issue, and 
also since data recovery is paramount to the institution, recovering the data is time 
sensitive to the system especially when universities have to declare the result and 
admission [ 5 ]. The cloud solution offers the mobility to ensure the continuity of 
the education system and provide data integrity during disaster. 

 There are so many cloud providers ready for providing scalable cost-effi cient 
solutions for the education community while delivering industry-shaping technology 
and high-performance computing necessary to facilitate the most demanding 
research projects and course objectives at public and private universities, community 
colleges, and vocational schools. For example, AWS is one of the cloud providers 
giving these services to the education sector. To assist educators around the world in 
providing cloud computing instruction, AWS offers Teaching Grants supporting 
free usage of AWS for students in eligible courses. The grants will provide educa-
tors up to $100USD in free usage for each student enrolled in courses with Amazon 
Web Services as part of the curriculum. AWS services supported in the grants 
include Amazon EC2, Amazon S3, Amazon SimpleDB, Amazon RDS, Amazon 
SQS, Amazon CloudFront, and Amazon Elastic MapReduce [ 6 ]. All India Council 
for Technical Education (AICTE) is well known for its technical and quality infor-
mation. AICTE recently signed MOU with Microsoft and Autodesk to raise the 
level of technical learning and education in India. Students and faculty across 
the entire nation in various PG and UG Colleges, in both rural and urban areas, will 
be able to quickly and easily access world-class software. Now no school and col-
leges take tensions for loss of documents at the time of disaster as DR is taken care 
of by cloud itself. According to Dr. S.S. Mantha [Chairman of AICTE], “Microsoft’s 
cloud platform will make for a truly progressive ecosystem and contribute to the 
country’s technical education by providing a better communication and collabo-
ration platform for institutes and students” [ 7 ]. Cisco is also playing a good role for 
the growth of the education sector even during disaster; they are giving services to 
universities or colleges at very reasonable cost. Berlin’s University of Technology 
[TU Berlin]    is one of the customers of Cisco who has virtualized much of its IT 
infrastructure using the Cisco Unifi ed Computing System™ [Cisco UCS™]. As a 
result, TU realizes high scalability through maximum utilization of resources 
while simplifying management and gaining a clear edge over international com-
petitors. Cost savings have been particularly impressive. For example, TU now 
requires only eight cables per blade chassis, achieving a 90 percent reduction in 
cabling-related costs [ 8 ].  
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3.3     Benefi ts of Cloud to the Education Sector 

 Higher education was acknowledged in time as one of the pillars of society 
 development. Through the partnerships between universities, governments, and 
industries, researchers and students have proven their contribution to the transfor-
mation of society and the entire world economy [ 9 ]. Cloud computing offers to 
universities the possibility of concentrating more on teaching and research activi-
ties rather than on complex IT confi guration and software systems [ 10 ], through a 
fast IT implementation. So cloud computing offers many benefi ts to e-learning 
solutions by providing the infrastructure, platform, and educational services 
directly through cloud providers and by using virtualization, centralized data stor-
age, and facilities for data access monitoring [ 11 ,  12 ]. The benefi ts of cloud to the 
education sector are the following:

•    Real-time learning: The main advantage of the cloud is the ability to access real- 
time information from anywhere in the world in seconds, which further encour-
ages an open learning environment for the youngster to share their work, ideas, 
and information.  

•   Energy saving: In cloud computing platforms, documents, software, applica-
tions, etc. are stored on a remote server instead of a local network. Keeping them 
on remote server saves more energy than keeping them on the personal system. 
So energy saving offers great benefi ts to the education sector.  

•   Cost saving: Adopting cloud computing technologies, such as remote desktops 
and cloud-based IT support, for example, helps schools and colleges to cut down 
the costs and equipment. Running these services through the cloud reduces the 
need for on-site technical support and maintenance services, while upgrades can 
be carried out automatically, for all end users, at a much lower cost.  

•   Content growth: Earlier contents were part of limited channels like textbooks, 
encyclopedia, newspaper, and television. Most content now comes from rela-
tively “unknown” sources through the web. But the web is not simply a less 
trustworthy encyclopedia – it is also a place to publish and interact with content. 
Another drawback of the traditional system was that students were traditionally 
limited to a class, a school, and possibly a small community. The main benefi t of 
cloud is that anyone can create a content which is available to the world instantly 
and can last for many years – possibly “forever” [ 13 ]. Content can be constantly 
evolving through collaboration and interaction and updates. People do not just 
refer to information, or just copy it, but they interact with it. They modify it, and 
they add to it – and this is to be encouraged. Tools for publishing, creating, and 
interacting with content are changing every year.  

•   Collaboration: Technology is rapidly improving the ability to communicate and 
collaborate with others. Traditionally, we are connecting with people in person 
or by telephone; teams are formed and work face-to-face. One of the major draw-
backs is limited social circle, but cloud computing overcomes these drawbacks 
and connects us with so many social tools like Facebook, Twitter, etc. Earlier it 
was started as personal tools but now is more and more rapidly moving from the 
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personal to the professional world. It is becoming easier to fi nd and connect with 
anyone in many new and expanding ways like mobile phones, e-mail, instant 
messaging, social and collaborative software, and blogs. Collaboration has been 
a one-time, relatively static, and sequential process. Cloud computing makes 
interactive collaboration possible on the web, between students in the same class, 
or around the world.  

•   Storage: As confi dential and critical data can be stored centrally in the cloud, 
there is less exposure to threats such as the loss or theft of laptops or USB 
fl ash drives.  

•   Convenience: Because of the online nature of cloud, it is very convenient for 
the users to adopt this technology. We just need an Internet connection. No 
matter where we are in the world, we can access our data any time and can do 
modifi cations.  

•   Easier integration: Applications running in private clouds are easier to integrate 
with other in-house applications, such as identity management systems.      

4     Proposed Cloud-Based Model for Education 
During Disaster 

 In the education system, the important entities are students, faculty, and staff. The 
important data related to all these entities are student’s result, fee structure and stu-
dent’s assignment, teaching materials, curriculum, etc. The loss of any documents 
related to any entity is a big issue at the time of need. Traditionally, documents were 
there on the local server, and loss of any documents during disaster leads to stopping 
the entire system. Earlier, faculties were using USB for the backup of their docu-
ments. The intension of the faculty for using USB can be to take the backup of 
student’s results, notes, and lab manuals at home for the smooth running of classes 
in case of emergency. But when the faculty plugged the USB in a laptop at home, 
   found that the USB had an undetected and malicious virus. Without warning the 
virus multiplies and within a matter of hours laptop crashed; most of the data thereon 
has either been corrupted or is completely inaccessible. Cloud is helpful for all 
categories of users to access stored fi les, e-mail, database, and other applications 
from anywhere, which leads to a more effi cient use of information [ 14 ]. The objective 
is to identify the new technologies fulfi lling the requirements of all the important 
members like students, faculty, and staff with a low cost. It also provides the security 
and availability of documents at a very low cost [ 15 ]. 

 From Fig.  1  we can see the students are the main entity and already using many 
of the cloud platforms like Software as a Service (SaaS) and Platform as a Service 
(PaaS) for obtaining the advantages of the ability of working and communicating in 
the educational sector. The faculty can also benefi t from the cloud platform for 
teaching and research purposes. Now, they will not worry for loss of lecture material, 
not need to carry study materials for security in pen drives or disks, etc. Third, the 
entity staff, specially developers, can benefi t from Infrastructure as a Service (IaaS) 
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for designing, building, and testing the applications that are executed on the infra-
structure of the cloud provider and delivering those applications directly from the 
servers of the provider to the fi nal users. In the traditional system, developers were 
restricted to the local networks where they have limited resources. So the model will 
be helpful to developers.

5        Implementation 

 From Fig.  2  we can see that the cloud is providing a platform to those schools; 
 universities that wish to run online platform for the students and teachers can use 
infrastructures such as servers, storage, communication, and e-learning software 
required for hosting and running an online school. The school will facilitate teacher-
student interaction for every learner to utilize services of the best teachers to get 
quality education from anywhere at affordable cost while encouraging a competi-
tive environment for teachers to innovate new techniques in teaching. The model 
facilities will include audio/video sessions or online chats that would enable a con-
venient and effective environment for learning. In addition, there will be a facility to 
use educational content enrichment tools for publishing, reviewing, and authoring 
to promote creation of new content.

6        Conclusions 

 With the use of cloud computing, the burden of taking daily backup of documents 
can be greatly reduced (for the security at the time of disaster). By doing so, we can 
reduce the cost of DR solution, as it is within the cloud. Cloud computing also offers 
better storage, enhances the productivity, and reduces the IT management work. 
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  Fig. 1    Cloud users on different platforms of cloud       
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It also increases the speed of work with very reasonable cost. Thus, every organiza-
tion wants to update its IT infrastructure to keep updated with the technology. 
Present economic situation will force more and more organizations at least to con-
sider adopting a cloud solution. Universities have begun to adhere to this initiative 
and there are proofs that indicate signifi cant decreasing of expenses due to the 
implementation of cloud solutions.     
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    Abstract     Today, with advancement in technology, teachers have been conscious 
about the quality of teaching. Teaching can be enhanced through information com-
munication technology (ICT) tools in the education system for better understanding 
of the subject. Information communication technology can be utilized for the edu-
cation sector. ICT can play a great role in formal and nonformal forms of education. 
Lots of companies are coming up with digital materials for poor students. Many are 
making specialized hardware to meet the requirement of the elementary education 
system.  

  Keywords     ICT   •   Gadgets   •   Technology   •   Traditional   •   Education  

1         Introduction 

   Students cannot be effective in tomorrow’s world, if they are trained in yesterday’s skills – 
Tony Blair. 

   Education is a process by which a person’s body, mind, and character are formed 
and strengthened, which enables a person’s holistic development of personality 
through knowledge. This knowledge can be improved by the students through their 
learning environments. Nowadays, information communication technology (ICT) 
tools are widely used to interact in digital environments [ 1 ]. ICT brings more rich 
materials in the classrooms for the teachers and students. With the help of ICT, 
students can easily browse via sample examination papers, e-books, assignments, 
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 videos, etc., and can also have an easy access to mentors, experts, resource persons, 
researchers, and professionals all over the world. 

 IT has become a buzzword while talking about technology and its applications. 
IT is used in various business and management functions but not in improving the 
quality of education. The quality of education has been an issue of concern in the 
absence of standard parameters to measure the quality. The hardware, software, 
methods, and know-how required or used in acquiring, storing, processing, and 
 displaying data and information are collectively known as information technology 
(IT). Also on the other hand, many developments and achievements took place in 
the communication technology sector after the Second World War. Hardware, 
know-how, programs, and the methods used in ensuring that message is transmitted 
correctly, effi ciently, and cost-effectively are collectively known as communication 
technology (CT). Both of these technologies became complementary to each other 
which means progress in one alone is not much benefi cial. Hence, IT and CT started 
moving together, and a new term was coined named as information communication 
technology (ICT) [ 2 ]. 

 The convergence of these two technologies gave birth to ICT. The education 
 system includes formal and nonformal forms of education at various levels of edu-
cation. Teaching is imparting knowledge or skill, whereas learning is skill acquisi-
tion and increased fl uency. The usage of ICT is one of the ways by which India’s 
large population base can be effectively reached. Moreover, in enhancing the quality 
and delivery of services through ICT especially in the case of developing relations 
with citizens, the government will be better positioned. Passive learning occurs 
when students use their senses to take in information from a lecture, reading assign-
ment, or audiovisual. Traditional lecture is not an effective learning environment for 
many of our students because so many students do not participate actively during a 
traditional lecture [ 3 ]. This is the mode of learning most commonly present in class-
rooms, whereas active learning involves the student through participation and 
investment of energy in all three phases of the learning process [ 4 ]. This type of 
learning is more apt to stimulate higher cognitive processes and critical thinking. In 
the past few years, there has been a paradigm shift in the curriculum where the 
teacher acts as a facilitator in a student-centred learning. In student-centred learn-
ing, the focus is on the student’s needs, abilities, interests, and learning styles with 
the teacher as a facilitator of learning. Here students have to be active, responsible 
participants in the learning process. The teacher has a key role in the whole process, 
whereas in the case of ICT-based education [ 5 ], various ICT tools are supplemented 
to make the teaching–learning process effective. With the help of blended learning, 
the total time devoted to teaching can be decreased. A survey says that there was a 
sense of pride created and interest generated among the teachers and students for 
gaining ICT and its privileges. ICT has the potential to remove the barriers that are 
causing the problems of low rate of education in any country. ICT as a tool can 
overcome the issues of cost, less number of teachers, and poor quality of education 
as well as overcome time and distance barriers. In this paper, how    learning through 
ICT can be made effective and easier for improving the quality of both formal and 
nonformal forms of education is discussed.  
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2     Traditional Learning 

2.1     Advantages of Traditional Learning 

 Teaching in a traditional schoolroom is vastly different from facilitating a virtual 
classroom. Classroom environments promote and stimulate a dynamic known as 
collaborative learning. Collaborative learning translates into a type of learning in 
which the pairing or grouping of students is required to complete a task or to come 
to a specifi c outcome. Teaching in a classroom gives students the opportunity to 
engage in live discussions in which they are forced to use their critical thinking 
skills to formulate opinions or arguments. When students are placed in a live class-
room, they experience social interactions with peers and establish rapport with 
teachers. Helping children develop socially is an important aspect within the realm 
of their academic education. Classroom teaching environments help students fi gure 
out how to resolve confl icts, work in teams, get along with those from different 
cultural backgrounds, and give presentations in front of peers. Such experiences are 
valuable in shaping students’ communication and listening skills, as well as grow-
ing and maturing emotionally. 

 Teaching in a classroom environment opens up opportunities for teachers to do 
more with their lesson plans [ 6 ]. Traditional classroom settings teach students how 
to develop organizational skills, beginning with the basics, such as arriving to school 
on time. In a live classroom, students are held accountable for being prepared to do 
school work, which includes having done their homework the night before, being 
ready for pop quizzes, turning in assignments by their due date, and being prepared 
for in-class discussions.  

2.2     Disadvantages of Traditional Classroom Teaching 

 A drawback of traditional training is that it inherently places the most value on 
standards, curriculum, and passing tests as opposed to student-focused learning. 
Student-focused learning places value on the student and builds the curriculum 
around the questions young people need answered in order to understand the mate-
rial. Constructivist learning builds on the knowledge students already have, allow-
ing them to form concrete associations to new information, which improves 
retention. Traditional learning is based on the repetition and memorization of facts 
that students care less about and retain at lower rates after testing. Traditional class-
room training does not encourage critical thinking skills and the ability to actively 
apply information gained through experience and reasoning. Instead, traditional 
training emphasizes the role of teachers as knowledge dispensers and students as 
repositories. This style of learning does not allow students’ deeper levels of under-
standing required for complex concepts and lifelong learning. Traditional training 
emphasizes    passing tests, whether or not students under testing material. The 
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learning process is thus devalued, and students are not encouraged to understand the 
methods, techniques, and skills required to fi nd answers. Traditional training 
emphasizes individual student work and projects and is a poor preparation for a 
student’s future endeavours, which are likely to include working on teams and 
 collaborating with colleagues. Under this training model, students receive few 
opportunities to practice group dynamics and teamwork [ 5 ].   

3     ICT Application for Quality Improvement 
in Formal and Nonformal Education 

 ICT applications are becoming indispensable parts of contemporary culture, spread-
ing across the globe through traditional and vocational education. In the Indian 
scenario, mainly the education system has three tiers: primary level, high school or 
secondary level, and college or higher level. In all these levels of education, ICT can 
be utilized for a better teaching–learning process and improving the quality of edu-
cation. Using multimedia in education results in the increasing productivity and 
retention rates, because people remember 20 % of what they see, 40 % of what they 
see and hear, but about 75 % of what they see and hear and do simultaneously. An 
interactive whiteboard helps teachers to structure their lessons, supports collabora-
tive learning, can help to develop student’s cognitive skills, and enables ICT use to 
be more integrated into the classroom. The government of India has announced 
2010–2020 as a decade of innovation [ 2 ]. Reasoning and critical thinking skills are 
necessary for innovation. The foundation of these skills can be laid only at the 
 primary level of education. Students who enter school are very curious, creative, 
and capable of learning many things. At this level   , a statement picture is worth more 
than a thousand words is very much true in the case of the teaching–learning pro-
cess. Befriending ICT in the initial stages of education will help young people come 
to terms with what lies ahead. Students studying at this level take much interest in 
cartoons. They understand more through animated pictures.    Hence, if the same 
environment is created in schools by using ICT for teaching kids at the primary level 
may bring drastic changes in the education scenario. Nursery students can be taught 
by showing pictures, animals, fruits, etc. With the help of ICT tools, students at this 
level are able to grasp a lot by hearing voices or sounds and animated motion of 
various animals. Language learning is also taught at this level [ 7 ]. Learning a new 
language at this age is easier as compared to other levels. A multimedia projector 
and a computer can be used to teach phonetics and pronunciation. Lessons, poems, 
and lectures by eminent scholars stored in computers or other ICT tools can easily 
be shown to the students time and again anywhere. Such type of    teaching and learn-
ing enables for long-time retention in the minds of the children. At the high school 
level, subjects like history, geography, political science, physics, chemistry, biology, 
physical education, etc., are taught. Lessons in these subjects can easily be taught 
by showing a short movie related with the subject to create interest among the 
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students. Such type of movies and related multimedia material is easily available at 
academic repositories and from various related sites with the help of the Internet. 
The Internet is a basic tool which can be utilized by teachers and students to fi nd any 
information on any topic. This type of teaching–learning makes the environment 
very interactive and is liked by students. Educational and practical CDs available in 
the market make this task easier to implement. At the college level, various facilities 
like computers, electronic board, Edusat facility initiated by various state govern-
ments, MM projector, and other peripheral devices related with the teaching–learning 
process are easily available. Easy availability of Aakash tablet will help in providing 
and getting more education for both teachers and students. Repositories are libraries 
where these digital resources are stored and provide teachers, students, and parents 
with information that is structured and organized to facilitate the fi nding and use of 
learning materials regardless of their source location. Various programs running on 
Edusat are also very helpful for the students. Soft skill program can help students in 
getting their placements in reputed multinational companies (MNCs). A state-level 
quiz and seminar can also be conducted with the help of the Edusat infrastructure 
and can be transmitted throughout all institutes. Edusat can be used for providing 
training to teachers on the latest subjects and technologies and can save a lot of time 
and money of governments. In Haryana, the Edusat project is being implemented at 
school and college levels and is being used for transmitting lectures according to 
syllabi. In nonformal learning, learners can access information and learning materi-
als from anywhere and at any time. It includes distance education and other open 
learning systems. There are various functions to be performed with the enrolment of 
students in any course of distance education in any university or institute [ 7 ]. 
Functions include allotment of unique number, providing books, and providing 
information related with instalment of fees and details thereof to name a few. Out of 
all these activities, some of these may be performed well with the help of ICT tools. 
In distance education, ICT can be used for better management of records by making 
a complete database of all the students in various courses. Once the students are 
enrolled, a unique number is generated called reference number, and it is provided 
to the particular students. Short message service (SMS) of mobile phones may be 
utilized for this purpose. The mobile phone is one major ICT tool and can be used 
for the purpose   .    Other information related to the PCP such as exam dates can easily 
be sent to the students through SMS by universities/institutes concerned. Moreover, 
the enrolled students can be given a username and password for using various online 
services and resources in the form of academic repositories maintained by insti-
tutes. All such instructional materials may be uploaded at the university portal, and 
CDs of those lectures may be provided to the students instead of printed or hard 
copy material. An online fee payment system can also be made on the portal of the 
concerned university or institute. Students will be saved from a lot of hardships they 
face in depositing fees, attending PCPs, taking exams, and many more. Exam results 
in such cases may be provided online on the same day as is happening in the case of 
online exams and entrance tests. This would help to sort out the problem of the 
delay in the declaration of results of various exams by various universities. But all 
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this must be the case for the nonformal education system. Advantages of utilizing 
such tools include saving of lot of paper [ 5 ]. 

3.1     IT-Enabled Classrooms 

    Keeping in view the abovementioned advantages and disadvantages of traditional 
classroom teaching, where usually a lecture method is followed, in the case of higher 
education, we can add some IT gadgets to the classroom [ 8 ]. Projectors are already 
being used in classrooms for teaching. No doubt that this (projector) is an excellent 
IT gadget used in the classroom, but our teachers as well as students failed to make 
optimum use of it, and it is being used as a presentation tool only. With the passage 
of time, many new gadgets are coming to the classroom which include laptops, 
netbooks, smartphones, and tablets. All these devices can be used in the classroom 
for teaching purposes if planned properly. We had to set up the following infrastructure 
to set up an IT-enabled classroom to teach some IT-related subjects. A classroom 
with the capacity of 30 students was selected with the following IT gadgets:

•    One standard computer with speakers  
•   One multimedia projector  
•   One Wi-Fi router    

 The following are some more electronic gadgets proposed to be used in class: 

3.1.1     Laptops 

 The laptop is the need of any engineering student. This is used by the student to keep the 
records of all his notes, and as the Internet is available almost everywhere in the campus, 
students use the Internet to complete their assignments. There are many eBooks avail-
able free of cost; students download such eBooks and study using laptops.  

3.1.2     Netbooks 

 Netbooks are smaller laptops, usually with 10″ to 12″ display with reasonable 
 processor, memory, and disc space. This is the second type of electronic device 
preferred by students due to its cost, size, and battery life.  

3.1.3     Mobile Phones 

 Mobile phones are usually not recommended in the classroom, and in most of the 
classrooms, mobile phones are banned, but if monitored properly, smartphones can 
be used a learning tool.  
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3.1.4     Tablet 

 Tablets are gaining popularity, and with the regular advancement in technology, the 
prices of such devices are coming down. Tablets are available in the price range of 
Rs 4,000. The government has taken an initiative by introducing Aakash tablet that 
perfectly suits the pocket of undergraduate students. One common feature that is 
required is Wi-Fi, and almost all the tablets have inbuilt Wi-Fi adapter so that they 
can communicate over local area network [ 9 ] (Fig   .  1 ).

     About Aakash 2.0 Tablet 

 Aakash 2.0 is a complete educational purpose tablet and not designed with hi-fi  
confi gurations. Aakash 2.0 includes 3D-modelling, C++ programming, remote and 
collaborative training applications, robotic control, and live assessment tools. IIT 
Bombay has partnered with the Center for Development of Advanced Computing 
(C-DAC), to assist with the hardware testing and logistics.  

   Aakash Applications 

 The tablet comes with a variety of applications. A sample set of applications is 
shown below (Fig.  2 ).

   The tablet also includes Mango learning solutions for game-based educational 
modules, interactive smart books, and the full CBSE curriculum and assessment 

  Fig. 1    Aakash 2.0 tablet       
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tools. Intelligia fi nger tracing apps have also been included to teach letter writing to 
toddlers. Some of the salient applications are highlighted below:

    (a)     Blender:  Blender is a free and open-source software product, used for creating 
animations, rendering, video editing, etc.   

   (b)     Clicker:  Clicker devices are used to collect instant feedback from a large num-
ber of students, either as a response to a question or to a quiz. A quiz question 
now gets fully downloaded on an individual student’s Aakash tablet, through 
Wi-Fi. A multiple-question test can now be conducted. All the questions of such 
a test are downloaded on the student tablet. Time control is maintained by 
Aakash. At the end of the test time, all answers are automatically collected, and 
individual scores get recorded in the back-end system.   

   (c)     Content Distribution:  Apart from displaying text fi les in various formats, 
Aakash can play video and audio content. A lot of content is available through 
projects such as NPTEL, Spoken Tutorials, Teachers’ Training Workshops, etc. 
Additionally, Wikipedia, Gutenberg project, Connexions project at Rice 
University, and many such global efforts have generated a large pool of knowl-
edge content in open source. The contents can be kept in the tablet or they can 
be accessed.   

   (d)     Proximity:  proxyMITY enables the creation of interactive lessons, by importing 
lecture video and presentation slides. The name stands for Proxy Multimedia 
Integration Tool for You. The entire lesson can be published in the form of 
either a desktop stand-alone application or as html content to be viewed within 
a web browser.   

   (e)     Robot:  The project aims at the design and deployment of robots, for enhanced 
teaching of subjects in engineering colleges and to create open courseware for 
embedded systems for engineering students, based on robots. A robot-control 
application runs on Aakash. Students can control the movement of the robot 
using a simulated touch-controlled joy stick provided on the tablet. 
Simultaneously, the video stream captured by the camera mounted on the robot 
is transmitted to Aakash, which can be viewed in a window on the tablet.      

  Fig. 2    Sample page of applications       
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   Tools and Languages 

 Aakash tablets support C, C++, and Python for programming activities. Also, 
SciLab is available for numerical computations and for research activities.  

   Purpose and Usage 

 IIT Bombay has planned to deploy the Aakash tablets in engineering institutions in 
India, with two objectives:

•    The fi rst is to test and enhance the effectiveness of these tablets for use in 
classrooms.  

•   The second is the development of new educational applications and contents on 
Aakash, largely through fi nal year research and development projects done by 
BE/ME students at institutes.     

   eBook Readers 

 eBook readers are small tablet-like devices, which can display the content of an eBook 
and can also be used to keep notes. Kindle from Amazon is the most popular 
eBook reader. eBook readers also come with Wi-Fi connectivity.    

3.2     Setting Up an IT-Enabled Classroom 

 Our college has set up the following infrastructure to set up an IT-enabled classroom 
to teach some IT-related subjects. A classroom with the capacity of 30 students was 
selected with the following IT gadgets [ 8 ]:

•    One standard computer with speakers  
•   One multimedia projector  
•   One Wi-Fi router that can support up to 30 wireless connections  
•   We installed Linux Mint 13 (Cinnamon 64 bit) and confi gured with the following 

softwares/services:  
•   Apache2 (Web server)  
•   Squid proxy server  
•   Samba (fi le server)  
•   MySQL (database server)  
•   phpmyadmin  
•   LibreOffi ce  
•   Moodle (learning management system)  
•   Aptana3 Studio (IDE for programming)  
•   JDK  
•   Java Netbeans    
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 This computer system was connected to a Wi-Fi router and projector. And we 
were ready with our IT-enabled classroom, where the teacher can teach with the 
help of presentations and can also demonstrate examples by running them on this 
computer. We selected those 30 students for our class having either of such elec-
tronic gadgets. Students were    asked to bring their devices to the classroom, with IT 
technicians and lab attendants helping on the fi rst day. All devices are confi gured to 
use classroom Wi-Fi so that they can access the resources stored on our classroom 
server. Though there were more than 30 students having such devices, we had to 
select only 30 so that we can conduct the trial; we decided to select those students 
who were considered to be weak in class.   

4     Proposed System Architecture 

4.1     Proposed Features of the System 

 As stated in the earlier chapters, the project aims at producing a cross-platform in- 
class teaching and classroom management system that can serve both as a white-
board and a notebook. According to it, some of the important features of the 
proposed system are described below. 

4.1.1     Registration and Session Management for Teachers and Students 

 The system should keep the record of all the teachers, students, and courses. Hence, 
it should allow registration of teachers and students and enrolment of students in 
different courses. In running state, the system should keep track of the present stu-
dents at any point in time. For this, the system needs to maintain up-to-date session 
information for both teachers and students. Also, the system should automatically 
record the attendance of any student who logs in and enters a particular course so as 
to reduce the teacher’s burden of taking attendance. The system should make sure 
that no student registers himself more than once in a single lecture. The system 
should enable any student to check his attendance in any course. It should allow 
teachers to check the attendance of all the students enrolled in any particular course, 
so that he can inform the students having less attendance than expected.  

4.1.2     Teaching and Note Taking 

 This is the most important feature of the proposed system. It should present every 
teacher and student with an interface having features of basic drawing using a stylus 
pen on a tablet PC. The system should also enable them to change the colour and 
line width of drawing as they may want to highlight something. As the teacher starts 

V.R.P. Dasu and B. Gujjari



213

teaching (solving a problem) on his tablet (instead of whiteboard), the teacher’s 
screen should be transmitted live to all the present students. Now all the students 
should be able to see the problem being solved on their own screens instead of the 
whiteboard. Moreover, they should be able to make their own notes on top of the 
live feed that they receive from the teacher. In that way, the teacher will not have to 
keep standing for the whole duration of a lecture, students will not have to switch 
their eyes from whiteboard to their notebooks, and they will have better organized 
class notes. After a page gets full, users should be able to save it as a fi le for future 
use, and a new blank page should appear. Users should also be able to load a previ-
ously saved page, if they want to solve or change an earlier solved problem.  

4.1.3    Monitoring 

 In real-world classes, many times a teacher gives the students a problem to solve. 
Students solve it and the teacher walks across the classroom to track the progress of 
any student he wants. In an effective teaching system, this should be automated. The 
teacher should be able to switch the mode from  Teach  to  Monitor . In the monitor 
mode, the teacher should be presented with a list of all the students present in the class 
at that point in time. After the teacher enters the user id of the student he wants to 
monitor, the screen of that student should be visible on the tablet of the teacher. This 
will reduce the teacher’s efforts in tracking the progress of every single student.  

4.1.4    Sharing 

 This is another important feature of the proposed system. In real classes, the teacher 
sometimes asks a student to solve a problem on the whiteboard. This should also be 
automated. In the proposed system, the teacher should be able to switch the mode to 
 Share . After switching the mode, the teacher should again be presented with a list 
of students present in the class. After the teacher enters the user id of a student, the 
screen of that student should be visible on the tablets of all the students as well as 
the teacher. The difference between monitor mode and share mode is that in the 
former, only the teacher can view the selected student’s screen, while in the latter, 
every present member of the class can view it.   

4.2     System Structure 

 The system is based on the simple client–server architecture. There is a central 
server on which the entire program and database are kept. The teacher and each 
student have a tablet. There are ten different clients for the teacher and student. 
Clients are able to connect to the server via a wireless network set up in the class-
room. The system structure is shown in Fig.  3 
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4.2.1      Client–Server Communication 

•     There are different messages exchanged between clients and the server over the 
period of a lecture. These messages are as follows:  

•   At the beginning of a lecture, clients log in to the server. At this time, clients send 
their authentication information, i.e., username and password. After authenticat-
ing the clients, the server sends them their respective home pages.  

•   Clients send the id of the course that they want to enter to the server. The server, 
after verifying the course id, sends them the current page of that course.  

•   In  Teach  mode, the teacher continuously (e.g., once in every 500 ms) sends the 
teaching data to the server, which is then sent to all the students by the server.  

•   As soon as a student enters a course, he continuously (e.g., once in every 500 ms) 
sends a request to the server to know the current mode of teaching. The server 
queries the database and sends the current mode (i.e.,  Teach ,  Monitor , or  Share ).  

•   When the teacher switches to  Monitor  mode, the teacher stops sending teaching 
data; instead the selected student sends data (his screen) to the server and the 
server then sends it to the teacher.  

•   When the teacher switches to  Share  mode, the selected student sends data (i.e., 
his screen) to the server which the server then sends to all the other connected 
clients.  

•   At the end of the lecture, the entire clients log out of the server and the commu-
nication terminates.     

  Fig. 3    System structure        
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4.2.2    Observations 

 During the 1 h session, the fi rst part was usually silent, but in the self-practice 
period, there was lot of noise due to peer-to-peer discussions and the teacher had to 
announce to keep the noise under control. Secondly, in case there are common 
doubts, it was diffi cult for the teacher to go to each individual and address their 
doubt. A kind of indiscipline was observed in the classroom during the session, and 
for this reason only, we had to employ more than one teacher [ 1 ]. During some 
 sessions, we felt that organizing such type of classes is not feasible because there 
was an expenditure of over 1 lakh per classroom (that includes the cost of computer, 
Wi-Fi router, projector, and other installations). Also there are many students who 
are fi nancially weak and cannot afford expensive electronic gadgets for such classes. 
The initiative by IIT Bombay in this regard is worth mentioning here as they are 
trying to develop a low-cost Aakash tablet which can be used in this process. It was 
observed that there was a remarkable improvement in the performance of students 
as those who were literally bottom liners (used to pass with grace, sometimes) suc-
cessfully passed the test, of course not with fl ying colours, but with reasonable 
scores. But this was restricted to those students who participated actively in the 
self- learning sessions and vigorously surfed the Internet and our local resource 
repository for information and studied it [ 4 ]. There were some students who were 
more interested in copying the content only; we could control this by motivating 
students to solve the assignment during class only and helping them doing so.    

5     Conclusion 

 This paper has sought to explore the role of ICT in education as we progress into the 
twenty-fi rst century. Taking the trends discussed in this paper into account, it can 
clearly be seen that the education system should change to adapt to modern require-
ments and to incorporate new technologies [ 5 ]. By incorporating these technologi-
cal trends into the educational system, a higher-quality education can be provided at 
a cheaper cost and spread over a larger segment of the population. Children are 
required to apply their ICT know-how in other lessons, but little emphasis has been 
placed on how they are taught ICT. This paper discusses the current teaching prac-
tices and techniques used in the teaching and learning process. Today, we need to 
create a perfect balance between the quantity and quality of education. We cannot 
expect educational authorities to cut down the syllabus so that the student learns 
only what he can understand, and at the same time, we need to make sure that what-
ever is being taught must also be understood. The proposed technique of teaching 
with the help of ICT will surely increase the learning level of the student, but we 
might end up in a situation where we could cover only half of the syllabus [ 6 ]. 
Secondly, setting up such infrastructure involves a lot of expenditure on hardware 
(IT devices) as well as manpower, because we need to employ multiple people in a 
classroom. This approach might seem infeasible in some situation, but still we 
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cannot deny the output. Students learned better and have shown remarkable 
improvement in their understanding. Leaving aside the fi nancial aspect, we recom-
mend that educational institutes must set up a few IT-enabled classrooms if they 
really want their students to be ready for the competitive world ahead. Increased 
student satisfaction can lead to both increased faculty satisfaction and higher  student 
retention [ 3 ].     
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    Abstract     RIT, established in 1983 as a self-fi nancing institute, is well known for its 
continuous experiments, leadership in academic practices, and excellence in engineer-
ing education. In the journey so far since 2008 with the help of IUCEE, RIT has pro-
gressed in leaps and bounds right from curriculum development to teaching- learning 
process and assessment. The Institutional Performance is measured on the basis of 
competent curriculum, achieving course learning objectives in turn achieving program 
educational objectives and program outcomes of all the programs. Various IUCEE 
Faculty Leadership Institutes (FLIs), webinars, Virtual Academy courses, and visit to 
US universities have helped RIT in transforming itself from a well-known institute in 
western Maharashtra to one of the leading private institutes at the national level. In this 
paper, the attempt is made to present how this transformation took place. With the help 
of IUCEE, RIT shifted from the old paradigm of one-way lecturing to two-way joyful 
learning experiences with better, advanced technical knowledge and globally adopted 
advanced pedagogical tools. And also it explains new practices we learned and followed 
and its impact on students’ result and overall students’ satisfaction index (teaching index).  

  Keywords     Academic audit   •   Academic development   •   Institutional performance   • 
  Outcome-based education  
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1         Introduction: About RIT 

 Rajarambapu Institute of Technology, Rajaramnagar, Sakharale (RIT), is estab-
lished in 1983. It has a lush green campus spread over 42 acres. It offers 7 UG and 
11 PG programs along with a Ph.D. center with intake of 666 students in engineer-
ing and management and a total of 2,500 students on campus. All its programs are 
accredited and reaccredited by National Board of Accreditation (NBA), New Delhi. 
The institute has successfully implemented World Bank-funded TEQIP Phase I and 
received excellent grade and has been selected for TEQIP Phase II. The institute has 
become autonomous in 2011. 

 RIT is a self-fi nanced institute situated in the rural area of western Maharashtra, 
but it is forward looking and adaptable to change. RIT is rated as Grade “AA+” 
institute by Careers360 Survey 2013   . It has received “The Best Institute In 
Maharashtra,” “Best Principal Award,” and “Best Teacher Award” in 2012. RIT is 
ranked among the fi rst ten in the Survey of Industry-Linked Engineering Institutes 
done by AICTE. It is ranked among the top 50 private engineering institutes in India 
and top 10 in Maharashtra by various magazines and survey agencies. RIT is march-
ing forward on the core values like practice what we preach, joy of learning, each 
one can excel, fairness and equality, cooperation, honesty, and sincerity.  

2     RIT-IUCEE Collaboration 

 RIT-IUCEE collaboration started in 2008 with attending the FLIs at Infosys, 
Mysore. In 2009 IUCEE Regional Centers were established with the mission of 
improving the quality and global relevance of engineering education in India. Since 
then we have many interactions with immanent professors and institutions of good 
repute worldwide, which encouraged us to follow best practices like outcome-based 
learning (OBE), changing the classroom dynamics from traditional one-way lecturing 
to two-way communication process.  

3     First Step Toward Improving Teaching-Learning Process 

 RIT faculties have attended 50 different FLIs in emerging areas since 2008, and 
they are proved to be very expedient for the students in this rapidly changing and 
competitive world. Figure  1  shows the number of faculty who attended the FLIs 
year wise. These numbers itself show how these FLIs are popular among them.

   After successful completion of the FLIs, each one is implementing knowledge 
and techniques acquired on continuous basis in their teaching activities. Also many 
faculty got confi dence in selecting those areas for their research work. RIT has 
designed a system wherein after completing the training program, each faculty has 
to fi ll and submit the Commitment Form to respective HOD which contains infor-
mation about his implementation of the knowledge and/or technique learned in the 
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training program. After implementing those, each one gives a presentation in front 
of the Director, Dean (Academics), all department heads, and all faculty on his 
experiences, feedback received from students, and the testimonial of benefi t. This 
has helped a lot in gaining subject knowledge, planning and delivery of the curricu-
lum, classroom management, etc. 

 RIT’s Director, Dean (Academics), and other senior faculty attended workshops 
by Richard Felder and Lueny Morell and took a challenge to train other faculties to 
change the classroom dynamics for the better teaching-learning process. Because of 
IUCEE FLIs, we got confi dence of preparing outcome-based teaching plan and 
execute it effectively.  

4     Activities of IUCEE, Islampur Regional Centre 

 The regional centre is established with the objective of organizing national and 
international workshops in recent advances in engineering and pedagogical aspects. 

4.1     Organizing Workshops with International Faculty 

4.1.1     International Workshop on “Mechatronics and Product Design” 

 The IUCEE Islampur Regional Centre organized a 1-week workshop (FLI) for 40 
participants on “Mechatronics and Product Design” from July 12 to July 16, 2010, 
by internationally known Dr. Devdas Shetty of the University of Hartford. 

 Outcomes and Impact: Seven industry personnel attended the workshop and we 
could interact with them for 5 days. Dr. Shetty suggested to learn a software, namely, 
“VisSim,” for modeling and simulation of mechatronics system to the faculties 
which is widely used in the industry. Our two faculties have mastered it and con-
ducted batches of size 25 students each year, which is benefi cial for the students’ 
placement. Also we could modify the syllabus as per the guidelines given by 
Dr. Shetty and included “mathematical modeling” in the mechatronics course 
syllabus for UG students. Students are encouraged to take up project work in mecha-
tronics and robotics, and they are participating in various robotic competitions.  

  Fig. 1    Graph    showing the number of faculty attending FLIs       
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4.1.2     Workshop on “Advanced Distribution Management” 

 IUCEE resource person Dr. Manivasagam visited RIT on December 31, 2008, and 
conducted a 1-day workshop on “Advanced Distribution Management,” attended by 
the faculty of the electrical engineering department and students. 

 Outcomes and Impact: Because of his inputs and encouragement, our electrical 
engineering department added the new course “Power Distribution System” in the 
M. Tech. (Electrical) curriculum. With the knowledge of this newly introduced 
course, faculties and students got very good insight and could complete four 
dissertations.  

4.1.3     A Motivational Presence of IUCEE 
Executive Director in RIT 

 In the fi rst visit of Dr. Krishna Vedula, Executive Director of IUCEE, IUCEE 
Islampur Regional Centre was established. He highlighted on IUCEE Mantra “I am 
teaching, are they learning. Say What You Do, Do What You Say. Prove it and 
improve it.” After his visit, RIT proactively initiated steps to transform teaching- 
learning process to make learning a joyful experience for the students. This shift of 
focus from teaching and learning started yielding good results. Because of the new 
and innovative practices learned, within a short span of a year of autonomy, RIT is 
able to design and implement the academic systems to raise the bar of academic 
standards. 

 In    his meeting with the Board of Governance of RIT, it was decided to organize 
various workshops on outcome-based education (OBE) at RIT and in nearby institu-
tions. Dr. Sushma S. Kulkarni, Director of RIT; Prof. Martand T. Telsang, Dean 
(Academics); and Prof. S. S. Gramopadhye conducted 10 workshops for 2–5 days 
on various aspects of OBE. As a result   , teaching-learning process has changed dras-
tically and refl ected in students’ results and feedback, which is discussed in Sect.  8 . 
Also each year RIT conducts in-house induction training program for newly 
recruited faculty to train them in OBE.    

5     Visit to US Universities 

 In November 2008, Chairman, BOG, RIT, Shri. Bhagatsingh Patil along with 
Director Dr. Sushma S. Kulkarni and Prof. Martand T. Telsang joined the Indian 
delegation who visited prominent US universities. Subsequently, RIT signed MoUs 
with UMass, Lowell, Purdue University, and Lawrence Tech. University. The    team 
got exposure to the working system of top US universities and could interact with 
eminent researchers and academicians and make righteous changes. 

P.M. Jadhav et al.



221

5.1     Outcomes and Impact 

•     Industry institution interaction: lab setup in collaboration with industry  
•   Developed research culture  
•   Doing Engineering Projects on Community Services (EPICS) started incubation 

center  
•   Effective use of the Internet and communication technology in teaching-learning 

process  
•   Keeping fl exibility in curriculum  
•   Transformation and some best practices implemented      

6     Webinars 

 In the year 2011, IUCEE introduced a new concept called “webinar.” About 25 
webinars are attended by RIT faculties and students on different advanced topics 
and pedagogy. This has given a good exposure to the faculties and students and 
helped in gaining knowledge of very recent courses and their teaching methodology. 
Also all the webinars’ recordings are available on Lensoo which can be viewed at 
any time later on. Many faculties and students are interacting with US experts and 
seeking guidance through mail.  

7     Virtual Academy Courses 

 Using    IUCEE Virtual Academy, a new, innovative, and unique approach in India, 
faculty experts from the USA are delivering complete course directly to students 
through online webinar series of ten lectures. In 2011, our 72 second year electrical 
students and 2 faculties imbibed the subject “Electrical Machines-II” through this 
facility. Students showed great interest in interacting with the resource person Dr. 
Sarma Mulukutla of Northeastern University, Boston, USA, through mails. They 
gave very positive feedback and wished to learn more subjects through IUCEE 
Virtual Academy. In view of this impact, in 2012 we subscribed three VA courses 
for second year electrical, second year EnTC, and M. Tech. (CSE) students. 

 This year our 32 faculties are being trained through a webinar series of ten lec-
tures on outcome-based education, which is very useful in designing program out-
comes, program educational objectives, course learning outcomes, and students’ 
outcomes and mapping the same to create engineers to face global challenges. 

 Faculty and students have given very positive feedback about this methodology. 
It has added values to their knowledge; the shared passion of US experts has created 
a lasting impression on the minds of the faculty and students.  
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8      Overall Measurable Impact 

 Overall impact on the institution is measured with the help of many parameters like 
students’ results and Students’ Satisfaction Index, placement, industry institution 
interaction, publications, research    funding and patents, etc. In    this paper, two highly 
impacted major academic parameters, namely, students’ results and Students’ 
Satisfaction Index. 

8.1     Students’ Result 

 Director    Dr. Sushma S. Kulkarni; Prof. Martand T. Telsang, Dean (Academics); and 
other senior faculties trained almost 100 % of the faculty in the crucial theme of 
OBE. They could deliver the curriculum with ease and assess it properly. Hence, we 
found an increase in transition rate in the last 2 years. Transition rate is percentage 
number of students passing successively in each year to complete the course in 
4 years. Figure  2  shows increased transition rate for all programs.

8.2        Academic Audit 

 The strategic plan of the institute focuses on faculty development wherein perfor-
mance indicators are infl uenced by the “IUCEE Way.” RIT    has a system of aca-
demic audit to ascertain the degree of teaching-learning process occurring at the 
institute level, which is carried out based on a 10-point scale pertaining to teaching 
dimensions like subject knowledge, planning and delivery, class management, com-
munication and English, and accountability and concern. The outcomes of the audit 
are summarized fi rst at the faculty level, then at the department level, and fi nally at 
the institute level. Comparison    for the last 3 years shows that there is continuous 
improvement in all teaching dimensions in which IUCEE has played very important 

  Fig. 2    Graph showing program wise increase in transition rate       
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role. The average teaching index (Students’ Satisfaction Index) of the institute has 
shown growth in each year. It is increased by 3.04 % in 2011–2012 and by 3.77 % 
in 2012–2013 as shown in Fig   .  3 .

9         Transformation 

 Due to the IUCEE activities described above, RIT could develop its own instruc-
tional methodology based on outcome-based learning which has potential for long- 
term, sustained benefi ts. RIT has shifted from the old paradigm of one-way lecturing 
to two-way joyful learning experience with better, advanced technical knowledge 
and globally adopted advanced pedagogical tools. 

 It has achieved more height    in the following:

•    Enhanced innovation in teaching and learning  
•   Enhanced the teaching-learning experience promoting student engagement, 

proper assessment, and success in examinations  
•   Enhanced student technology access  
•   Provided enhanced training for the students and faculty for use of technology  
•   Provided enhanced resources for the students and faculty with special needs    

 RIT appreciates the importance of the student’s involvement in learning and 
teaching process for achieving the desired student success. Thereby, exploring 
teaching philosophies and students’ views of teaching practices yields insights on 
the teaching and learning process in education. Students have become more objec-
tive in the feedback of teachers. Experiments by faculty have infl uenced and moti-
vated their learning which is refl ected in their academic audit (feedback).  

10     Conclusion 

 RIT, in order to transform from traditional teaching-learning process to a student- 
centered learning, has adopted most of the techniques from IUCEE. These techniques 
have helped RIT in increasing the overall result of all the students. The transition rate 

  Fig. 3    Graphs showing increase in all teaching dimensions and teaching index for 3 years       
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of undergraduate as well as postgraduate students is increased considerably. The 
average teaching index (Students’ Satisfaction Index) of the institute has shown 
growth in each year in the last 3 years. Thus   , IUCEE has helped RIT in developing 
a strategy for better teaching and learning process and achieving the success.     
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    Abstract     Energy consumption, material application, packaging, and recyclability 
are the major areas to be considered for greener electronic products with reduced 
environmental effects and increased eco-effi ciency. Design for green electronics 
includes lead-free solders, conductive adhesives, environmentally friendly packag-
ing and design technologies, LCA and assessment, life cycle cost analysis, and data 
management. Engineering graduates should be taught sustainability, its principles, 
and how these principles can be incorporated into the design and manufacturing 
processes. Engineering students have to be exposed to design for the environment, 
directives, environmental law, technology, waste management, and electronic waste 
recycling. This paper gives introduction to green electronics, sustainability princi-
ples, curriculum, and content, teaching, and learning methods needed for green 
electronics. This paper analyzes the content necessary and the methods for educat-
ing the engineers for sustainability, problem solving, and the skills required. This 
paper enlightens the reader of the content, skills, and the design methods for 
 sustainable engineering.  
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1         Introduction 

 Sustainability aims to reduce the level of material consumption and environmental 
damage without affecting quality of life. It aims at poverty alleviation and redistribu-
tion of opportunity in the long run. It advocates reduction in pollution levels,  excessive 
consumption, and action for alleviating poverty, achieving greater equity and distribu-
tion of opportunity. It requires protection of biodiversity and reduction of global 
 pollution and poverty [ 1 ]. Sustainable development demands change in consumption 
patterns. It can be achieved through lower consumption rates as well as increased 
energy effi ciency. Though the UN declared the period between 2005 and 2015 as the 
decade for Education for Sustainable Development (ESD), there is not much progress 
on education toward sustainability in many countries. Education for sustainability will 
not suffi ce with just a module on environmental principles or studies. Problem solving 
toward sustainability and other required skills have to be included in the curricula. 
Many of the engineering faculty themselves are ignorant of the sustainability-related 
issues, problems, and solutions. As engineers play an important part in sustainability 
processes, achieving sustainable development involves inclusion of sustainability and 
equity in design criteria. Sustainability is not just minimizing material and energy use 
as was felt earlier by the engineering community, but understanding stakeholders, 
society, and equity toward a better environment. Engineering education has to prepare 
engineers who accept sustainability as a basic design requirement in development of 
products and processes and as a policy criteria in future industrial developments. 
Sustainability involves many disciplines such as social sciences, environmental 
 economics, law, environmental politics, and others.  

2     Green Electronics 

 Hazardous materials such as lead and bromine in the electronics production sector 
have been advised against use through WEEE (Directive 2002/96/EC on Waste 
Electrical and Electronic Equipment) and RoHS directives (Directive 2002/95/EC 
on the Restriction of certain Hazardous Substances Directive) in the legislation of 
most European Union (EU) member states. The three aspects under focus are green 
electronics design, assembly, and materials [ 2 ]. Mainly electronic engineers are 
concerned with reduction in energy guzzled by the ICs, reduction of materials 
 consumed in the process of making a component or process. Green processes and 
electronics avoid hazardous materials and high-energy-consuming products and 
processes. In order to save materials and energy, innovative ideas are used to inte-
grate several products into one (e.g., a photocopier has several functions and  features 
like scanning, fax machine, and clock besides photocopying). Also, when products 
are being made, supply chains are also made green. New materials are being used 
for materials that enhance greenness of the products and processes.    Low-dimensional 
allotropes of carbon (including carbon nanotubes (CNTs), graphene, and graphene 
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nano-ribbons (GNRs)), known as carbon nanomaterials, have extraordinary physi-
cal properties giving advantage in the manufacture of active and passive devices 
used in integrated circuits [ 2 ,  3 ]. Carbon nanomaterials hold exciting prospects in 
designing ultra-energy-effi cient electronic devices. Hence, electronic engineering 
students need to be taught about nanomaterials [ 4 ].  

3     Engineering, Sustainability, and Education 

 Engineering professionals are coming under increased pressure to practice engineer-
ing sustainably [ 3 ]. Engineers are seen to have a key role in delivering sustainability 
[ 4 ]. Engineers have to become knowledgeable of SD principles and be continuously 
trained about current sustainable development technologies applicable to their pro-
fession. Lack of knowledge and practice for sustainability in engineering education, 
pressure from the industry, demand from the society, and requirements from the pro-
fessional bodies point to the urgent need for integrating or embedding sustainability 
into our engineering curricula. But the universities have so far failed to train new 
generation of engineers effectively in SD. The professional and academic accredita-
tion bodies introduced sustainability as one of the major criteria for professional/
engineering program accreditation. Till now, engineering is thought as applying 
 science to solve practical problems based on empiricism. Engineering education 
should not only embrace empiricism but also ethics, creativity, and social responsi-
bility. This demands that the concepts of SD must be embedded into all stages and 
topics of engineering education. Broadening the boundaries of the design space is a 
key challenge in redefi ning the requirements of future engineering education [ 5 ]. 

 Engineers do not have much exposure to sociology, ethics, politics, philosophy, 
and other such areas [ 6 ]. To broaden the remit of engineers, they have to be taught 
wider range of subjects. This may lead to additional topics taught superfi cially by 
which technical rigor of traditional subjects may be dissipated by the width. This 
can lead to a UG engineer who is aware of SD with breadth in masters (tools and 
skills) [ 7 ]. Engineering curriculum needs redesigning so that students are exposed 
to issues and problems and imbibe the right thinking process involving sustainabil-
ity concepts and their use in engineering problem solving. It is a philosophy similar 
to that of quality management. It is a paradigm shift from an approach based on 
social and political rather than Newtonian approaches. 

3.1     Environmental Legislation, Policy, or Protocols 

 As engineers work across borders, they should know the international and local 
environmental legislation, policy, or protocols, acts, directives, declarations, 
 permits, and laws and hence should be taught. The content that should be taught is 
(1) Protection of the Environment Act, (2) Integrated Pollution Prevention and 
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Control (IPPC) License, (3) Restriction on Hazardous Substances Legislation, (4) 
Water Framework Directive, (5) Air Quality Framework Directive, (6) Strategic 
Environmental Assessment, (7) Wildlife and Habitats Legislation, (8) Kyoto 
Protocol, (9) Rio Declaration, (10) Tradable Permits, (11) Planning Laws, (12) 
Environmental Impact Statement (EIS), and (13) Energy Use in Buildings. Some of 
them are related to environmental engineering.  

3.2     Tools, Technologies, and Approaches 

 Developing a technology, engineers have to differentiate between a clean and 
polluting technology and, if avoidable, should develop cleanup technology. 
Important concepts, tools, technologies, and approaches an engineer should 
know are (1) Clean Technology, (2) Cleanup Technology, (3) Design for Reuse, 
(4) Renewable Energy Technologies, (5) Dematerialization, (6) Design to Reduce 
Environmental Impacts, (7) Eco-labeling, (8) Life Cycle Assessment, (9) Waste 
Minimization, (10) Design for Energy Effi ciency, and (11) Sustainability Impact 
Assessment.  

3.3     Sustainability Principles 

 To implement sustainability, many important topics related to socioeconomic sphere 
should be taught to the engineers. These are (1) Precautionary Principle, (2) 
Intergenerational Equity, (3) Intragenerational Equity, (4) Earth’s Carrying Capacity, 
(5) Resource Renewability, (6) Ecological Footprint and Environmental Space, (7) 
Stakeholder Participation and Management, (8) Triple Bottom Line Approach, (9) 
System Thinking and Approaches, (10) Principles of Sustainable Development, 
(11) Engineering Ethics, and (12) Engineering Community’s Response to 
Sustainable Development.  

3.4     How to Teach Sustainability to Engineering Students 

 Sustainability concepts make an engineer understand the interdependence of 
natural, social, and economic systems, the needs and rights of future generations, 
equity, and precaution. The engineers realize their role in promoting sustainabil-
ity with a sense of social responsibility through these concepts. In engineering 
education, these concepts and solutions should be transformed into specifi cation 
and expressed as learning outcomes (that are assessable and measurable) [ 6 ].  
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3.5     Skills Needed for Sustainability 

 Sustainability-included curricula develop appropriate levels of awareness/attitudes, 
skills, and knowledge (Table     1 ).

3.6        Teaching and Learning Processes 

    Embedding sustainability does not mean including new contents. It is not just add-
ing few courses to the program either. Educators have to pool their knowledge from 
technical and nontechnical areas and develop appropriate problem-solving 
approaches. If engineers are to contribute truly to SD, sustainability should affect 
their everyday thinking. This can be achieved if SD becomes an integral part of the 
engineering education program, not a mere add-on to the core parts of the curricu-
lum [ 8 ]. Integrated and embedded approaches are advised. 

 Table  2  gives different approaches in teaching and learning processes for 
sustainability.

   Teaching methods such as short intensive courses, team project work, structured 
seminar discussion, interactive role-plays, small group lectures, fi eldwork, resi-
dential fi eld courses, and people-planet-prosperity entrepreneurial competition can 
be used to give a variety of experiences to the students. These should be brought 
into the curriculum by learning processes that are amenable to the use of case stud-
ies, studio based, issue driven, process based, team based, and design/delivery 
focused [ 9 ]. 

 Sustainability integration can start with a basic course on sustainability in 
the fi rst year of an engineering program. There are several problems in incor-
porating sustainability in engineering education. They are (1) maturity of stu-
dents, (2) knowledge of sustainability among lecturers, (3) acceptance of 
sustainability engineering, (4) lack of textbooks, (5) lack of examples, and (6) 
lack of time [ 10 ].   

   Table 1    Necessary skills, technologies, and tools needed for sustainability   

 Sl. no.  Area  Engineers should know 

 1.  Management skills  Management, ethics, communication skills, basic 
accounting skills of process, project management, 
time and people management, cost-benefi t analysis, 
and team working 

 2.  Other skills  Critical and creative thinking, logical thinking skills, 
system thinking 
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4     Design 

 The design approaches toward sustainability of electronic products can be 
Emotionally Durable Design (reduce, reuse, recycle, emotional connection with 
the products), Cradle to Cradle (the term “waste” has no meaning; material is 
simply a biological or technical nutrient and hence be recycled), Bio-mimicry 
(nature produces everything without producing toxic waste and it should be to 
copied/emulated in the design), Product Attachment (encourage consumer’s 
attachment to products), Behavioral Design (change the way people behave, 
reducing carbon footprints), Slow Consumption (people reduce their desire to 
acquire more and thus slow down the cycle of consumption), Products to Services 
(solutions useful to wider community), Dematerialization (question the need for a 
product in the fi rst place), and Product Longevity (move to reusing products and 
parts of products).  

   Table 2    Approaches for teaching sustainable development   

 Approach  University  Remarks 

 One tier  Many universities  Diffi cult to develop concepts, teaching 
models, tools, and basic skills for 
application during a professional life 
in a single module 

 Semesters  Carnegie Mellon  Sustainability incorporated into the design 
process of a specifi c discipline 
the student belongs to 

 Three-tier approach  University of Surrey  Dedicated lectures and tutorials on 
sustainable development, specifi c case 
studies and integration of sustainability 
into the overall curriculum, integration 
of different sustainability criteria into 
conventional design approach using life 
cycle thinking, industrial ecology 
approach, and appropriate ethical 
principles 

 Integrated approach  University 
of Cambridge 

 The ability to work complex/ill-defi ned 
problems as a team and acquire two-way 
communication skills and the ability to 
evaluate merits and demerits of the 
options 

 Delft University 
of Technology 

 Through interconnected operations 
of elementary course, development 
of graduation in SD in each faculty 
and department, and intertwining 
of sustainable development in all 
regular disciplinary courses 
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5     Conclusion 

 Engineering is no more Newtonian where problems are solved through mathematics 
and design of single discipline. Due to the ill effects of engineering solutions on the 
environment, engineering education has to incorporate a system approach in problem 
solving. As a result, engineers have to handle society and stakeholders in such prob-
lem solving, and hence content related to the environment, society, social responsibil-
ity, stakeholder management, and politics should be included into engineering 
curricula. Hence, engineering students should be allowed to take subjects in the above 
areas during their undergraduate education. The resulting curricula will lead to gen-
eral engineering programs rather than single discipline oriented. Green design is 
achieved through sustainability education enhanced by the curriculum. This should be 
at all levels and areas achieved through embedding sustainability in all modules. 
Engineering students should be made to understand that technology affects environ-
ment and society. Engineering students should be educated to identify these effects 
and be equipped with the right thinking process and skills to overcome these prob-
lems.    In order to achieve sustainable development, engineering students have to 
understand the principles behind sustainability and hence have to be taught, as today’s 
problems are interconnected and solving them need knowledge and skills from differ-
ent disciplines. Hence, students should be taught working in diverse teams. Students 
have to imbibe sustainable thinking processes, and this is only possible when sustain-
ability is embedded into all programs, all subjects, all levels, and all activities during 
the program. Teaching and learning processes used should give the student a variety 
of experiences in understanding the problems and expertise in solving them.     
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    Abstract     Human beings are ethical beings. They judge human actions as good or 
bad based on their mere understanding of “ethics.” But this is not adequate for pro-
fessionals to judge their actions as good or bad. They need knowledge of “applied 
ethics.” For example, physicians need medical ethics; lawyers require legal ethics, 
etc. Similarly, engineers need “engineering ethics” for their professional tasks, 
whether it is about designing machines or innovating technology, etc. No doubt, 
they deserve appreciation for their professional tasks, which they carry out through 
rationality and quantitative aptitude. But mere rationality and quantitative skills 
could hold them accountable for societal insensitiveness and engineering disasters. 
They cannot shirk their responsibility for engineering disasters that are the conse-
quences of their designed products. So, it is imperative for them to incorporate 
“engineering ethics” in their professional tasks. In this context, this paper attempts 
to answer how “engineering ethics” is different from “ethics.” Why do engineers 
need to do a course on “engineering ethics”? Should it be made compulsory for 
engineering students? What to teach, how to teach, and who should teach this 
course? How should engineers integrate “engineering ethics” into their tasks? What 
type of responsibility do they have towards the society at large?  
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1         Introduction 

 Human beings are born free, but subsequently they get associated with ethical 
norms, principles, and regulations depending on where they are born and brought 
up. Thus, a human being bereft of ethical life is impossible, unless one consciously 
avoids it. Ethics help us judge our actions as good or bad, right or wrong. So by 
implication, engineers possess ethical life and thereby ethical knowledge. But, is it 
adequate for them to deal with their professional tasks only with ethical knowledge? 
Will they be able to judge their professional actions as good or bad by possessing 
mere ethical knowledge? 

 Engineers need knowledge of “professional ethics” to deal with their tasks just 
as other professionals like physicians, lawyers, and accountants. Professional ethics 
are applied ethics as applicable to a specifi ed group of people, such as business eth-
ics is for businesspersons, medical ethics for physicians, legal ethics for lawyers, 
etc. In a similar vein, engineers need “engineering ethics” for their professional 
tasks, whether it is about designing machines or innovating technology, etc. A ques-
tion arises, how is “ethics” different from “engineering ethics”?  

2     Ethics Versus Engineering Ethics 

 Ethics is a refl ective consideration of our moral beliefs and practices [ 1 , p. 6]. 
According to Harris et al. [ 8 ] “ethics refers to those standards of conduct that 
apply to everyone rather than only to members of a special group. Ideally, these 
standards are ones that every rational person wants every other to follow, even 
if everyone else’s following them would mean that s(he) had to do the same” 
(p. 93). Ethics teach us what we should and should not do, good and bad behav-
ior, etc. But ethical judgments are subjective in nature because judgments rely 
on social context, cultural atmosphere, and religious condition of the judgment 
makers, among others. Some ethical norms that we learnt from our forebears 
and can be treated as ethical norms are don’t steal, keep your promise, maintain 
integrity and impeccability in your life, etc. These ethical guidelines are known 
to engineers, but what is unknown to them or not taught to them is their “profes-
sional ethics,” that is, engineering ethics. Thus, engineers are required to learn 
“engineering ethics.” 

 Unlike ethics, engineering ethics sets standards for engineering practice. It 
guides engineers’ actions as members of a profession. According to Harris et al. [ 8 ], 
“engineering ethics is as much a part of what engineers in particular know as factors 
of safety, testing procedures, or ways to design for reliability, durability, or econ-
omy” (p. 93). Schinzinger and Martin [ 23 ] defi ne “engineering ethics … is the study 
of the moral values, issues, and decisions involved in engineering practice.” Kroes 
and Meijers [ 16 ] state that “engineering ethics is the fi eld of study that focuses on 
the ethical aspects of the actions and decisions of engineers, both individually and 
collectively” (p. 21). 
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 Harris et al. [ 9 ] explain the concept “ethics” by splitting it under three heads: general 
ethics, personal ethics, and professional ethics. “General ethics” suggests ethical stan-
dards that are known to most of the persons irrespective of their religion, caste, sex, 
creed, and education; for example, prevent killing, cheating, stealing, etc. It advises 
individuals to restrain from all sorts of violations or invasions. It distinguishes evalua-
tion of an individual’s actions from evaluation of his/her intention. “An evaluation of 
action is based on an application of the types of moral precepts we have been consider-
ing, but an evaluation of the person himself is based on intention” [ 9 , p. 8]. An example 
can clarify this notion. If a car driver kills some persons accidentally by riding his car 
onto the pedestrian lane, then the driver can at best be charged with manslaughters, as 
his/her intention was not to kill those persons. The law treats the driver differently so 
long as he/she was not reckless. Here, the result is the same (killing human beings), but 
the intent is different. 

 Personal ethics is defi ned as a set of moral beliefs that one upholds in his/her life. 
For example, not lying to others, maintaining integrity, practicing honesty, etc. 
Thus, it is stated that personal ethics can be situated parallel to the precepts of gen-
eral ethics. But there are cases where the distinction between these two models of 
ethics is clearly noticed, at least with reference to the fact where general ethics 
seems to be unclear. For example, one may oppose testing of certain drugs on human 
beings, although general ethics is not clear on the issue. On the other hand, profes-
sional ethics sets the “code of ethics” and professional responsibilities for profes-
sionals. In addition to that, it guides professionals on how one should give priority 
to his/her professional ethics rather than personal ethics and general ethics. 

 “Engineering ethics” as professional ethics is applicable to engineers only and to 
their profession. So, engineers should possess the knowledge of “engineering eth-
ics” and its application to their professional tasks. Otherwise, having knowledge of 
“general ethics” and “personal ethics” and taking decision on engineering tasks will 
inadvertently invite dangers, such as unwanted tragedies and engineering disasters. 
Thus, “general ethics” and “personal ethics” will not be adequate for them to make 
the right decision in a given situation. It is suggested that when engineers are in 
trouble for making a decision, depending on their subject discipline, they can refer 
to the code of ethics prescribed by the statutory and governing bodies. For example, 
one can refer to the code of ethics of NSPE, IEEE, ASME, etc., to make a decision 
in a complex situation. Thus, it is necessary that engineers should read and under-
stand their professional code of ethics before practicing engineering. In this context, 
studying engineering ethics can help students in various ways. Among others, they 
can recognize ethical issues involved in engineering tasks and understand intricate 
concepts associated with their profession, such as public health and safety, quality 
retention, usefulness of technology, effi cacy of a design, cost–risk–benefi t analysis, 
truthfulness, trustworthiness, and loyalty to employer and public. Further, they can 
improve on their ethical judgments and accelerate ethical will power. Calhoun [ 3 ] 
states that studying engineering ethics can increase students’ knowledge of relevant 
standards. Thus, it is said that a student who reads code of ethics is more likely to 
know what is in it and how to refer to it for a crucial decision in a complex situation 
than a student who does not read it. Hence, it is necessary for engineers to undergo 
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engineering ethics course in their educational career. “Engineering ethics” course 
should be made compulsory for engineering students because they are professionals 
and have some responsibilities towards their profession and the society. Their 
responsibilities include the following: (a) protection of public safety, (b) technical 
competence, (c) timely communication of negative and positive results to manage-
ment, and (d) resolve ethical dilemmas by referring to code of ethics. 

 Engineering artifacts are made mostly for public use, whether it is a bridge, or 
medical equipments, or high-rise buildings, etc. The engineering artifacts are not 
risk-free as they are associated with either bad or good consequences. The conse-
quence is good when people use the artifact and benefi t from it and bad when disas-
ter occurs. It is hence an obligation of engineers to communicate the risks of the 
artifacts to the public if the problems are not sorted out during the design process 
itself. One may ask, engineers do innovations, so how are they going to know all the 
risks of a new technology? So how can we expect a completely safe technology 
from them? Most of the scholars including engineers did not agree with the supposi-
tion that a completely safe technology is not possible. Baura [ 1 ] says that even in 
innovation, safe technology can be engineered through suitable design. She defi nes 
“safety through design is the integration of hazard analysis and risk assessment 
methods early in the design and engineering stages and the taking of the actions 
necessary so that the risk of inquiry or damage are at an acceptable level” (p. 14). 
This concept embraces facilities such as hardware, equipment, products, tooling, 
materials, energy controls, layout, and confi guration. 

 As engineering projects are time bound and need to accomplish the task within a 
stipulated time, they should have subject domain knowledge along with will power 
and knowledge of professional ethics. These three components defi ne engineering 
competency. Thus, if engineers were having some lacunae in any of these compo-
nents, then the fi nal designed product would be either shoddy or of poor quality. 
Even the slightest compromise in any of these components may endanger public 
safety. So to enhance understanding and knowledge of these components, engineers 
are recommended to go through the “engineering ethics” course. The honorable 
Supreme Court of India also gave a judgment on whether engineering ethics course 
should be made compulsory for engineers. The verdict says as engineers are profes-
sionals and they are involved in many projects related to human safety and design 
ingenious artifacts for public use, they should qualify for the professional ethics 
course. Lincourt and Johnson [ 17 ] convey that to be an engineering professional, 
one must be competent and good. The term “good” ascribes the ethical aspect of 
one’s understanding about his/her profession. Further, “Engineering competence 
does not ensure moral goodness, nor does moral goodness guarantee engineering 
competence. Both are necessary; neither is suffi cient” (p. 353). This suggests “engi-
neering ethics” should be integrated into the engineering education curriculum as a 
core course. In the ABET criterion for accrediting engineering programs, it is writ-
ten that “engineering programmes must demonstrate that engineering graduates 
must have an understanding of professional and ethical responsibility.” 

 With regard to timely communication, engineers should communicate both posi-
tive and negative results of their project to their higher authorities from time to time, 
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so that rational decisions can be made in the designing process and attempts can be 
made to avert the bad consequences. Thus, a timely communication phenomenon is 
treated as one among the other responsibilities of engineers towards the profession 
and the society at large. Here one can recall the case studies of the space shuttle 
disaster, which is described in most of the scholarly books on engineering ethics. 
The disaster could have been avoided had there been timely communication between 
engineers and managers. By adapting this behavior engineers can resolve some of 
the ethical dilemmas in their profession, such as confl icts of interest, accountability 
to clients and public, fair treatment, differentiating gifts from bribe, etc. To under-
stand all these complex phenomena, engineers should design the engineering ethics 
curriculum in such a manner that it should cater to the need of current engineering 
practices. Lincourt and Johnson [ 17 ] claim that engineering ethics course should be 
an imperative course for all engineering students irrespective of their disciplines. 
Jessica and Shengli [ 15 ] endorse this view and state that engineering ethics course 
is a must for engineers.  

3     What to Teach in Engineering Ethics Course? 

 What to teach in “engineering ethics” course has not been explored adequately in 
the engineering ethics literature [ 15 ], although a variety of strategies and methods 
of teaching engineering ethics have been researched and experimented [ 10 ,  12 – 14 ]. 
Engineering is something that engineers do, and what they do has profound effects 
on others. Teaching engineering ethics is therefore part of teaching engineering. 
Against this backdrop, attempting to answer this question makes me a little com-
fortable. As I am involved in this course in my institution (IIT Madras, India), I am 
expressing my opinion for other’s consideration, remarks, suggestions, and com-
ments if any. To me, the motto behind teaching “engineering ethics” course should 
be to produce the best possible moral engineers in today’s fast-changing environ-
ment. The objectives of the curriculum should be to prepare engineering graduates 
to analyze, decide, and resolve ethical issues that arise in their work. Further, by 
incorporating engineering ethics in their tasks, they should be able to achieve the 
core ethical values which may be treated as objective (certainly, not subjective) and 
impartial. This may not be possible through either personal ethics or through gen-
eral ethics. Thus, it is a prerequisite for engineering students to learn about ethical 
implications within the context of the social, organizational, and even political envi-
ronment where engineering is being practiced [ 2 ]. To attain the objectives of the 
course, Herkert [ 11 ] states that this course should be integrated with the fi eld of 
science, technology, society, and other related fi eld of ethics. In this course, 
instructor(s) therefore can teach ethical theories and their implications on engineer-
ing profession, such as egoism and consequences of one’s responsibility [ 18 ], ego-
ism in engineering and responsible action [ 9 ], utilitarianism, duty ethics, rights 
ethics, and virtue ethics [ 1 ]. Further, some of the case studies can be discussed and 
analyzed by using appropriate methodologies. Again, some current ethical issues in 
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engineering can be discussed by highlighting the complexities involved in the 
 engineering profession. Last but not the least, engineering code of ethics should be 
discussed by referring to various registered organizations, such as NSPE, IEEE, etc. 
[ 4 ], and the responsibility of an engineer towards the profession and the society [ 2 , 
 11 ,  18 ]. Cultural sensitivity is another area that needs to be integrated into the 
 engineering ethics curriculum to sensitize students about the social and environ-
mental impacts of their products [ 26 ]. The engineering ethics course contents there-
fore should be prepared in such a manner that at the end of the course, students 
are expected to have the required knowledge and skills needed to face current ethi-
cal challenges.  

4     How to Teach Engineering Ethics Course? 

 The teaching methods of a course are determined on the basis of its curriculum 
and the target group to whom it will be delivered. There is a unanimous view that 
the best way to teach engineering ethics is by using cases [ 20 ], not just the engi-
neering disasters but the kind of cases that an engineer is more likely to encounter 
[ 8 ]. Depending on the case studies, one can adopt the methodologies for its analy-
sis. For example, “drawing the line” can be used as a methodology to explain the 
situation between accepting bribe and gift. Further, “confl ict resolution” can be 
considered as a methodology to discuss a case study where two pressing phenom-
ena are presented before an engineer and what he/she should do in that situation, 
for example, an engineer’s obligation towards employer and towards the public, 
whose health he/she has to protect. Besides these two methodologies, there are 
many methodologies available to teach engineering ethics course, such as simula-
tion, role play, games, and traditional strategies of lecture, group discussion, and 
writing assignments [ 15 ]. Again, it is stated that it would be ideal to collate all the 
possible methodologies and design an inclusive instructional strategy to deliver 
this course to engineering students.  

5     Who Should Teach Engineering Ethics Course? 

 It is widely accepted that either academic engineers, or philosophers, or engineers 
involved in industrial work can teach “engineering ethics” provided they have 
earned the expertise in this fi eld. This suggests three options. First, philosophers can 
teach this course as they have earned the mastery over ethical theories and their 
applications to the worldly affairs. Second, engineers themselves can teach this 
course as they are experts in engineering subjects, and this course is about ethical 
issues related to the engineering profession. Third, there can be a blend of philoso-
phers and engineers, where philosophers can handle the theoretical aspects and 
engineers can take care of the practical aspects of the course. However, in all these 
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cases both merits and lacunae are found, which are mentioned below in Table  1 . For 
example, in the Indian Institutes of Technology (IITs), which are believed to be the 
premier educational institutions, the third option is adopted and adhered to deliver 
the engineering ethics course to engineering students.

6        How Should Engineers Integrate Professional Ethics 
into Their Tasks? 

 Engineering is a pragmatic discipline which operates within a culture devoted 
largely to problem solving – designing machines and innovating technologies. It has 
been observed that engineers are insensitive towards technological designs. Their 
decision on an engineering artifact is based on the schedule–cost–benefi t analysis. 

   Table 1    Merits and lacunae of the instructor(s) of “engineering ethics” course   

 Type  Instructor(s)  Advantages  Disadvantages 

 First  Philosophers  Explain all the possible 
and required ethical 
theories to the 
engineering students 
along with their 
applications to 
engineering tasks 

 Emphasis is placed only on ethical 
theories by overlooking the 
engineering case study analysis 

 Second  Engineers  Discuss contents related 
to engineering and 
science subjects only 

 Ethical theories are ignored. Hence 
any discussion of case study will 
not be adequate for students to 
comprehend the intricacies 
involved in engineering practice 
and the need to include 
“professional ethics” in their 
decision-making process 

 Students may not be able to know 
how to resolve many ethical 
problems, as they are not 
discussed in the class except a 
few case studies 

 Third  Philosophers 
and engineers 

 Students get an 
opportunity to hear 
from both engineers 
and philosophers 

 Due to the mixture of experts from 
different disciplines, it would be 
very diffi cult to stick to the 
instructional design of the course 

 Students can obtain both 
theoretical and 
practical knowledge 
about engineering 
ethics inclusion into 
engineering profession 

 Repetition of certain content is 
certain 
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As a result, they defi ne risk as a function of probabilities and unwanted consequence 
[ 21 ]. But in reality it is not true in all contexts/situations, as with a little precaution, 
that is, insertion of professional ethics into the engineering design, the unwanted 
tragedies would be averted. If it is so, then how should engineers integrate profes-
sional ethics into their design process? Certainly, pure rational decision overlooks 
ethical considerations about risky technologies. Hence, engineers should relate risk 
with their social responsibility, which is enshrined in their code of ethics. Here, 
Roeser [ 21 ,  22 ] states engineers should assess risks of the technology by referring 
to their “social responsibilities” as a code of ethics. Only then, they can be able 
to take the right decision in a complex situation. Risk evaluation is of two types: 
(a) high risk and less probability of success and (b) less risk and high probability of 
success. It is suggested that engineers should choose the second alternative for the 
benefi t of the society at large and avoid engineering disasters. Van den Hoven [ 24 ] 
states that engineers should develop “value sensitive design” products. It means that 
engineers should include moral values and stakeholder values in an iterative process 
in the technologies they develop [ 7 ,  27 ]. As a result, they can enhance their ethical 
refl ection on their designs and infer probable consequences of those. Hence, they 
can produce humane technologies and establish themselves as role model profes-
sionals for others.  

7     What Sorts of Responsibility Should Engineers 
Have Towards the Society at Large? 

 Every professional has some responsibilities towards his/her profession and the 
society, so does an engineer. Broadly, responsibility is of two types: forward 
looking and backward looking [ 6 ,  22 ]. The prior one is characterized by sympathy, 
empathy, and compassion, whereas shame, guilt, blame, etc., are attributed to the 
latter. The differences between them are (a) the prior one comprehends the conse-
quences of risks involved in technological designs, whereas the latter one repents 
for the unwanted consequences occurred in the past and learn the reasons for that 
and thereby is inclined to take precautionary measures for future technological 
designs, and (b) the prior one is a positive responsibility [ 5 ], but the latter one is a 
negative or failed responsibility [ 19 ]. Some commonalities are also found between 
these two responsibilities. These are (a) they associate with “emotion,” which is a 
component of ethics; (b) they deal with social responsibility on the one hand and 
technological growth on the other hand; and (c) they suggest that professionalism 
does not mean to perform tasks only through rationality and quantitative skills, but 
also through ethics. Thus, Williams [ 25 ] says that “social responsibility” is a virtue 
for professionals. Roeser [ 22 ] conveys that a virtue-responsible person is aware of 
the different normative claims that rest on him/her and makes the right decision. 
Thus, these two responsibilities are suggested for engineers’ consideration in their 
engineering practice.  
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8     Conclusion 

 The insertion of “engineering ethics” course in the engineering curriculum forms 
the central point of discussion for many scholars belonging to engineering and other 
disciplines. The discussion is in full swing because of its relevance to engineers 
belonging to the present technological era. To me, this course primarily aims at 
training engineers to look beyond demonstrable technical skills in their engineering 
practices and to assist them in acting ethically and rationally in their professional 
tasks. Acting ethically can help them resolve some of the ethical problems associ-
ated with technological designs in particular and engineering profession in gen-
eral – problems like public safety and welfare, risk and informed consent, confl icts 
of interest, confl icts of commitment, and trade secrets. Thus, engineers are indeed 
in need of “engineering ethics” education to resolve ethical problems and under-
stand their social and technical responsibilities. To develop ethical understanding, 
engineers therefore should go though the engineering ethics course. Hence, “engi-
neering ethics” course should be integrated into the engineering curriculum and is a 
must for engineering students.     
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    Abstract     Nowadays, it can be observed that computer laboratories have encoun-
tered many challenges which prevent them to achieve their quality objectives. The    
management of computer laboratories is a time-consuming manual process which is 
often a tedious job of maintaining the records in books. In a university, the systems 
are maintained by the lab assistant/in-charge. To know about who is using the 
 system, they maintain a lab record in which the user details are stored. But this can 
easily be modifi ed and is not very reliable.    In case of any theft, damage, and break-
age of components, it is diffi cult to trace who the actual culprit is.    This work helps 
the lab assistant/in-charge to trace the person who has committed theft, damage, and 
breakage to components by identifying the system ID. 

 We study the application of log tracking to educational data collected from the 
Department of Information Technology at Guru Nanak Institutions, Hyderabad, 
India. The results are automated and accurate and thoroughly help the lab assistant/
in-charge in further enhancing the effi ciency and effectiveness of the traditional 
processes. It can be used to analyze the existing work and identify existing gaps and 
further works. As    our further work, we use our model as a process model to develop 
an appropriate system for any other technical institute; if found useful, this model 
can be adapted, so that the university will reach a higher academic standard.  
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1         Introduction 

 Today, even if we have computers, CDs, and other forms to store data, we still rely 
on pen and paper. So there is a need to develop effi cient system that can handle huge 
amount of data. In a context of labs in various institutions, the data of students are 
still maintained in books. This is not a safe way of maintaining records, and more-
over, it is easily changeable. The integrity of data can be destroyed. So in case of 
any damage to the system, there is no way to fi nd who the actual culprit is. Even if 
we maintain a logbook to make a note of who is sitting on which system, it certainly 
does not provide the accurate information because students may change the system 
and never update the log record. So there is a need to fi nd an alternative to this prob-
lem. This is where the lab tracking system can be used. 

 With the rapid development of laboratory in a university, the traditional manage-
ment system of equipments in teaching and experiment faced lots of problems with 
management by manual work. To    solve these existing problems and analyze the 
actual demand, this study integrates RFID, Java, and MySQL database technologies 
to realize a new laboratory equipment management system (LEMS) in both teach-
ing and experiment, which positioning and monitoring real-time tracking of each 
device, identities teacher identifi cation automatic. This management system 
improves the management of equipment’s effi ciency, reaches each management 
goals, and lowers the cost in deployment with the Internet of Things technology [ 1 ]. 

 The rest of the paper is organized as follows. Section  2  discusses the related 
work. Section  3  formulates the proposed systems. Section  4  explains the experimen-
tal results and presents simulations that demonstrate the tracing of students and give 
some intuitions about the observed results. We conclude in section  5  with mention 
of the future likely enhancements of the system.  

2      Literature Survey 

 Up until the late 1970s, the management of laboratory samples and the associated 
analysis and reporting were time-consuming manual processes often riddled with 
transcription errors. In 1982, the fi rst generation of LIMS (Laboratory Information 
Management Systems) [ 2 ] was introduced in the form of a single centralized mini-
computer, which offered laboratories the fi rst opportunity to utilize automated 
reporting tools. By 1988, the second-generation commercial offerings were tapping 
into relational databases to expand LIMS into more application-specifi c territory, 
and International LIMS Conferences were in full swing. As personal computers 
became more powerful and prominent, a third generation of LIMS emerged in the 
early 1990s. These new LIMS took advantage of the developing client/server archi-
tecture, allowing laboratories to implement better data processing and exchanges. 
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By 1995, the client/server tools had developed to the point of allowing processing 
of data anywhere on the network. Web-enabled LIMS were introduced the follow-
ing year, enabling researchers to extend operations outside the confi nes of the labo-
ratory. From 1996 to 2002 additional functionality was included in LIMS, from 
wireless networking capabilities and georeferencing of samples to the adoption of 
XML standards and the development of Internet purchasing. 

 According to Tang Youchun [ 3 ], computer lab management is part of the 
Information Technology Department at UC Merced and is responsible for oversee-
ing instructional use and open-access computer labs. Access to computer labs is 
granted to currently enrolled students, active staff, and faculty. To log on to a com-
puter, you will need to have an active user ID and password. 

 According to Liu Yajing [ 4 ], currently, the problems which the computer labora-
tories in higher learning institutions are confronted with are as follows: lacking 
consciousness for service and standardized management, lacking means for execut-
ing and maintaining, no standardized process, no record for software and hardware 
confi guration and change as well, and also changing confi guration randomly. All    
these lie in that management concept of these laboratories stay in elementary mode 
of old mechanism, with the executing mechanism lacking the consciousness of ser-
vice and practice. The system combines with the current management situation in 
higher learning institution and makes some progress in the executing and maintain-
ing management in a computer center.  

3      Proposed Approach 

 This work provides a better way to maintain and store log records. The lab assis-
tant/in-charge does not have to do much of the work, thus reducing the burden on 
the administrator. Once the students enter the laboratory and switch on their sys-
tem, the fi rst thing they need to do is to give their login credentials. These log 
details are securely stored on the server and are not accessible to students, thus 
preventing the manipulation of data by students. So even if the student leaves the 
current system and tries to access the other system, he will not be allowed. So in 
order to shift from one system to another, the person has to fi rst log out of the cur-
rent system. The log record is automatically updated when he logs into another 
system. This saves time of making changes to the book which is generally main-
tained. The admin can anytime check the number of students logged in currently 
and also between some days. 

 Figure  1  shows the different classes used to represent the system. Basically, 
there are only fi ve classes. The classes are associated with each other, and the stu-
dent and admin class are generalized classes of users. A lab may have one or more 
PCs, and each PC in the lab is connected to one server. One user may use one or 
more PCs.
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4         Experimental Results 

 We have developed simulated examples to trace the person who has committed 
theft, damage, and breakage to components in distributed environment. In our 
experimental testing, we have used Windows 8 with SQL Server and 64 homoge-
neous machines at the Department of Information Technology, Guru Nanak Institute 
of Technology. 

 Figure  2a  shows the currently logged in users. This is visible only to the admin. 
So only when the admin logs into the system with his credentials does he then have 
the permissions to see the list of currently logged in users. It contains details about 
the student ID, their names, branch, system number, login time, and date of use. 
Figure  2b  shows the report that is generated date wise. This report is again gener-
ated or available to the admin. The admin is also given with an option to print the 
generated report. This would help him to analyze the report more closely. All the 
reports can now be maintained easily.

5         Conclusion and Future Scope 

 This paper has been an effort in providing the result toward advancing the technical 
educational system. The main idea is organized into a model to represent how tech-
nology can be used in educational system to improve the effi ciency and effective-
ness of the traditional processes. The model is presented as a guideline for technical 

  Fig. 1    Class diagram of the proposed system       
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  Fig. 2    Report    generation. ( a ) Currently logged in users and ( b ) report generated date wise       
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educational system to improve their decision-making processes.    It can also act as a 
guideline or roadmap for lab assistant/instructor to identify which system is not 
working or has been stolen/damaged/broken as part of their educational processes 
and how they can improve their traditional processes by getting advantages of it. 

 Many directions for future enhancements are open. Among them, we can 
mention:

•    The testing of the proposed work on a real distributed platform  
•   The use of other techniques like data mining and artifi cial intelligence  
•   The use of our model as a process model to develop an appropriate system for 

any other technical institute  
•   The use of the grid computing paradigm to solve even more challenging data 

mining problems        
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    Abstract     In the twenty-fi rst century, higher education institutions are under 
 pressure to attract meritorious students and develop them as graduates with supe-
rior skills, pertinent capabilities, and right attitude. Achieving this requires adapt-
ing to fl exible curricula – relevant to stake holders, creative delivery, and 
outcome-based learning. In this research, an effort has been made to redesign the 
curriculum of Industrial Engineering and Management (IEM) program at 
Siddaganga Institute of Technology (SIT), an autonomous institute, in Karnataka, 
India, using quality function deployment (QFD). The methodology of research 
involved design of questionnaire for capturing the voice of customer (VOC) in the 
context of changing curriculum requirements that are synergistic with real time. 
Then data was collected using the questionnaire, from 148 stakeholders who 
included faculty, alumni, employers, and students. Further QFD was used to 
transform customer needs (VOC) into design requirements of curriculum. While 
analyzing the data, analytical hierarchical process (AHP) was employed as a pri-
oritizing method. The results of the study indicated that to improve the IEM edu-
cation in general, focus should be given on specifi c courses in the curriculum that 
are highly desirable to meet present-day challenges in the industries. Also the 
curriculum should adopt teaching–learning practices that produce competent 
engineers and managers with a fl air for lifelong learning.  

  Keywords     Higher education   •   Curriculum design   •   AHP   •   House of quality   •   QFD   
•   Voice of the customer  
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1         Introduction 

 Traditional on - campus higher education assumes that all students in a course are 
alike in their learning needs, interests, and abilities and allows individual faculty 
members to take the whole responsibility of course content development and 
delivery. But globalization and changing needs of industries in the twenty-fi rst 
century treat alumni, employers, students, and parents as stake holders along with 
faculty and call for fl exible course designs and creative teaching–learning practices 
for effective learning for all. According to Boonyanuwat, Suthummanon et al., an 
effective curriculum is one of the most important factors in order to have an attrac-
tive and desirable program [ 1 ]. Further proposals for curriculum enhancements 
are scrutinized to ensure that they are well suited to deliver the course content 
needed by stakeholders. Quality function deployment (QFD), a planning and 
design tool traditionally employed to facilitate integrated product development, 
can be modifi ed to provide a fl exible, integrated planning framework for curriculum 
planning [ 2 ]. In this direction, an effort has been made to redesign the curriculum of 
Industrial Engineering and Management (IEM) program at Siddaganga Institute 
of Technology (SIT), an autonomous institute, in Karnataka, India, using quality 
function deployment (QFD) tool.  

2     The Tools Used 

2.1     House of Quality 

 House of quality (HOQ) is the central component in constructing QFD. HOQ is one 
of the QFD products, which correlates customer requirements (what’s) to a large 
variety of means (how’s) by which customer desires can be satisfi ed. It is utilized by 
a multidisciplinary team to translate a set of customer requirements, drawing upon 
market research and benchmarking data, into an appropriate number of prioritized 
engineering targets to be met by a new product design. The HOQ matrix arranges 
important data in such a way that establishes criteria for a successful customer sat-
isfaction. Typical HOQ is shown in Fig.  1 .

   The general format of the “House of Quality” is made up of six major compo-
nents which are completed in the course of a QFD project. The six major compo-
nents are:

•    Customer needs (what’s): a list of stakeholder’s requirements.  
•   Service elements (how’s): a list of ways of achieving what’s, which is also called 

as technical requirements.  
•   Importance ratings: the relative importance scores of each need which is derived 

using the AHP method.  
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•   Relationship matrix: a matrix that shows the relationship level between what’s 
and how’s. This portion is also called as technical portion.  

•   Correlation matrix: a matrix that shows the relationship between the design 
requirements (how’s).  

•   Scores: a series of computed numbers for indicating the importance of each how, 
also called as absolute weight.     

2.2     Analytical Hierarchy Process 

 The analytic hierarchy process (AHP) was developed by Thomas Saaty (1980) and 
is often referred as the Saaty method. It is one of the ways to structure decision 
problem which is used to prioritize alternatives, building an additive value function. 
AHP attempts to mirror human decision process. It uses pair-wise comparison 
matrix method to assess the relative value of the stakeholder requirements. The pair- 
wise comparison method typically uses a 1–9 point scale which is called as Saaty’s 
rating scale. As the comparisons are done through personal judgments, some degree 
of inconsistency may arise in the matrix. Consistency ratio (CR) is being computed 
to guarantee the judgment of the matrix. If the CR is less than 0.1 (the limit), then 
the pair-wise matrix constructed is said to be trustworthy, else the decision makers 
should review and revise the comparisons.   
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  Fig. 1    House of quality        
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3     Literature Review 

 QFD originated in Japan in the 1970s and became increasingly popular in the Western 
world in the 1980s. It helps multifunctional teams in identifying and prioritizing the 
customer requirements and relating these needs to corresponding product or service 
characteristics. QFD has been defi ned by its originator Akao [ 3 ] as “a method for 
developing a design quality aimed at satisfying the customer and then translating the 
customer’s demands into design targets and major quality assurance points to be used 
throughout the production phase.” The application of QFD in higher education is 
classed into three broad categories, namely, teaching effectiveness, curriculum design, 
and instructional resources. Clayton used QFD to provide productive quality learning 
[ 4 ]. Jaraiedi and Ritz applied QFD to improve advising and teaching processes at 
West Virginia University [ 5 ]. QFD application in research and strategic planning was 
reported by  6 . The design    requirements which satisfy each customer by considering 
the faculty, students, and industry as clients were shown by  7 . The improvement of 
student satisfaction and learning was studied at the Lulea University of Technology in 
Sweden in 1999, and for this QFD was used [ 8 ]. Hwarng and Cynthia in  9  applied 
QFD at the National University of Singapore. In 2003, QFD was applied to design and 
deliver basic statistics at the King Fahd University of Petroleum and Minerals in Saudi 
Arabia [ 10 ]. Further Shaney, Banwet, and Kaurnes used QFD to improve the quality 
of education and student satisfaction at the Indian educational institutions [ 11 ]. 
Denton, Kleist, and Surendra in 2005 proposed QFD to aid the design of curriculum 
and course in the academic domain of management information system [ 12 ]. Later 
Thakkar, Deshmukh, and Shastree successfully used QFD model with four HOQs to 
improve the quality of education in the self-fi nanced technical institutions [ 13 ]. Sohn 
and Kim applied QFD for engineering curriculum redesign at Korea [ 14 ].  

4     Methodology 

 The objective of this study is to redesign the curriculum for IEM at SIT, based on 
the importance of stakeholder’s requirements by the application of QFD. 

 The methodology is based on the adaptation of QFD. The proposed methodology 
consists of the following steps:

    Step 1: Identifi cation of Stakeholders     

 The stakeholders were identifi ed and classifi ed into employers, alumni, faculties, 
and students. The employers, alumni, and few faculties of other colleges act as 
external stakeholders, while the faculties and students act as internal evaluators.

    Step 2: Questionnaire Design     

 The main aim of the questionnaire design is to capture the voice of customer (VOC) 
in redesigning the curriculum. The questionnaires were designed and modifi ed on 
expert’s suggestion. 
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 The objective of this study as well as the questionnaire was included in the cover 
page of the questionnaire to guide the stakeholders in providing the feedback. 

 The questionnaire set had 4 multiple choice questions and 4 open-end questions. 
Multiple choice questions designed for the study were of the form:

    1.     Which type of subjects would you suggest as open electives for IEM?  

•   Software related  
•   Hardware related  
•   Management related  
•   Production related        

 Open-end questions were designed, so that the customer’s true voice can be cap-
tured, and were of the form:

    2.     Mention any course content relevant to the present industrial needs/requirements.      

 Before circulating the questionnaire to the study group, it was fi rst given to a 
selected small group of 6 stakeholders to fi nd fl aws that can be corrected and any 
questions that are superfl uous. The criteria for the selection were based on their 
experiences and voluntaries. Finally the questionnaire was modifi ed for each 
customer group respectively.

    Step 3: Sample Size.     

 The study group consisted of employers, alumni (passed out students), faculties, 
and students. 99 students, 22 faculties, and 27 alumni and employers were selected 
to participate in the questionnaire survey. Of 148 stakeholders, 57 responded 
(response rate = 38.51 %). Among the respondents, 36 (36.36 %) were students, 7 
(25.92 %) were alumni and employers, and 14 (63.63 %) were faculties.

    Step 4: Collecting the VOC.     

 The VOC was collected through survey, direct interview, and mails. To arrive with 
a list of requirements, in-depth discussion was made with 13 stakeholders in order 
to fi nd any redundant requirements. Also we reviewed and reanalyzed the stake-
holder’s requirements, after meeting the customers, to ensure that they were correct, 
complete, and clear.

    Step 5: Analyzing the Customer’s Feedback.     

 After collecting the VOC, an affi nity diagram was drawn to analyze the information 
obtained. Affi nity diagrams are used to surface the “deep structure” in voiced cus-
tomer requirements. The affi nity diagram, also known as the KJ method, is used to 
unlock creative thinking. This method looks for a different way of describing some 
relationship. The said diagram is shown in Fig.  2 .

     Step 6: Ranking the Stakeholder’s Requirements.     

 We decided to use analytical hierarchical process (AHP) as a prioritizing method. 
11 students and a faculty were involved in this prioritization process. For which a 
discussion was made with the stakeholders to give instructions about the process. 
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 The stakeholders were involved in generating the pair-wise comparison matrix 
which was normalized further (a) to express each requirement’s importance weights 
and (b) to fi nd the internal consistency of the matrix. According to the results provided 
by the questionnaires, each representative’s importance rating is expressed in an AHP 
matrix. Subsequently, the AHP matrices are aggregated within each stakeholders group 
by calculating the geometric mean of the stakeholder’s importance weights. In order to 
complete this task, the stakeholder importance weights were multiplied by stakeholder 
requirement values, which result in the stakeholder requirement importance weight.

    Step 7: Building the HOQ.     

 A HOQ matrix is constructed to analyze the relationship between stakeholder’s 
requirements (what’s) and service elements (how’s); the matrix is shown in Fig.  3 . 
The relationship values between stakeholder requirements and service elements 
are entered on expert’s suggestion. The relationship value differs from the type of 
 relationship existing between what’s and how’s, i.e., 9, strong relationship; 3, moderate 
relationship; and 1, possible relationship. Correlations between each pair of service 
elements are indicated at the roof of the HOQ. These indications show that the ser-
vice elements affect the performance of each others. The importance values for each 
curriculum design feature are found by multiplying the relationship values with the 
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corresponding stakeholder requirement importance weights and adding all these 
values column wise. Then, these proposed changes should be implemented to fulfi ll 
the stakeholders’ needs. The steps in building the HOQ are as follows:

     1.    The stakeholder’s requirements, identifi ed through the survey and discussion 
with several stakeholders, are listed on the left side of the house.   

   2.    The stakeholder requirements importance weights, obtained from AHP, and their 
ranks are listed on the right side of HOQ.   

  Fig. 3    House of quality matrix       
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   3.    The necessary service elements (how’s) are listed horizontally below the roof. 
The service elements are grouped into course contents and enablement, based on 
the requirements listed by the stakeholders.   

   4.    The correlations between the service elements are represented using symbols in 
the roof of the HOQ, where • represents strong relationship and • represents 
medium relationship.   

   5.    The relationship value between what’s and how’s is entered.   
   6.    The relative importance weights or absolute weights of the design requirements 

are calculated by multiplying the value in the cell by the corresponding impor-
tance weights in the last row.   

   7.    For example, the absolute weight in Fig.  3 , product design and development (T&P) 
= (9*0.01928) + (3*0.03077) + (3*0.02192) + (3*0.00138) + (3*0.00178) + (9*0.0020
1) + (9*0.00197) + (3*0.01483) + (3*0.02153) + (3*0.02233) + (1*0.00594) + (9*0.00
307) + (3*0.00563) + (1*0.01233) + (1*0.01233) + (9*0.01648) + (3*0.01545) + (3*0.
01515) + (3*0.01306) + (3*0.0074) = 0.929.   

   8.    Absolute weights are listed horizontally at the bottom portion of HOQ.   
   9.    The absolute values are ranked in the descending order. Larger absolute weight 

indicates fulfi llment of most of the requirements of the stakeholders.    

5       Results and Discussions 

 In all, 57 stakeholders (of 148, 38.51 % response rate) participated in responding to 
the questionnaire. The questionnaire consisted of 5 course contents, 4 open elec-
tives, and 3 practical subjects and a skill set (consists of 5 skills), to be opted from 
the list. The use of the AHP process enabled a better handling in the prioritization 
of the stakeholder’s requirements. This resulted in the generation of weights as a 
degree of merit for the requirements of the stakeholders. The so-generated weights 
were further used in developing the HOQ. 

 The most important requirements of the stakeholders are the subjects like CIM, DOE 
(theory and practical), manufacturing analysis, fl exible manufacturing system (   FMS), 
product design and development, java and .NET, behavioral training lab, human resource 
management, production-related elective, industrial engineering, thermal engineering, 
reengineering, concurrent engineering, facility planning and design lab, and software 
testing lab. From the point of necessary learning enablement, all the skills listed in the 
questionnaire are found to be important from the stakeholder’s perspective. 

 This work resulted in classifi cation of service elements into two categories, viz, 
course contents and enablement. Product design and development (theory and prac-
tical), CIM (theory and practical), rapid prototyping, manufacturing analysis, indus-
trial psychology (theory and practical), concurrent engineering, business process 
reengineering, risk management, DOE (theory and practical), industrial engineer-
ing, principles of lean manufacturing, and java and .NET/software testing (theory 
and practical) are ranked as the ten most important course contents, for fulfi lling the 
stakeholder’s requirements.  
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6     Conclusions 

•     QFD is a simple, very effective, and effi cient tool, yet powerful of discovering 
key characteristics of a successful curriculum. Using the QFD principles helps 
the faculty to design the curriculum with ease. Augmenting QFD in early stages 
of planning a curriculum will maximize the learning process; this leads to 
increased knowledge and experience for both the students and faculty members. 
This study considers the IEM curriculum for its quality enhancement.  

•   The results clearly    suggest that in order to improve the IEM education, a thor-
ough scrutiny of the curriculum pertaining to the following course contents is 
required: product design and development (theory and practical), CIM (theory 
and practical), rapid prototyping, manufacturing analysis, industrial psychology 
(theory and practical), concurrent engineering, business process reengineering, 
risk management, DOE (theory and practical), industrial engineering, principles 
of lean manufacturing, and java and .NET/software testing (theory and practical). 
From a practical view point, industrial training, industrial visits, conducting 
knowledge activities, and case study approaches are to be given appropriate 
consideration.  

•   Although QFD is more effective than other techniques in determining customer 
needs and translating them to the service element, the main problem of using 
QFD is in managing and analyzing large relationship matrices. This is owing to 
a large number of requirements and service elements. To bring down the dimen-
sion of relationship matrices, it would be appropriate to make a project into dif-
ferent modules, each generating its own sub-matrix.        
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    Abstract     Engineering education in the Indian context has evolved over a long 
period of time having witnessed varied revolutions across the globe and having 
assumed strategic decisions at varied levels. Engineering education in India is, 
steadily, marching towards higher levels of maturity with sincere attempts to bench-
mark against renowned world standards. In order to, continuously, discover the 
scope for improvements, it is essential to observe the evolutionary trace on the time-
line. This paper is a contribution in this direction.  

  Keywords     CMM   •   P-CMM   •   NBA   •   Technical education  

1         Introduction 

 India being a land of rich heritage has witnessed a series of revolutions in varied sec-
tors with different levels of absorption, assimilation and sustenance. The fi rst in the 
series is, probably, the 2nd Industrial Revolution during the period 1850–1890 amidst 
India under the British colonial rule [ 1 ]. Although visionaries from the Indian soil 
advocated the need of industrialization, owing to the intrinsic strength and expertise in 
agriculture, emphasis was laid mostly on the agricultural front for the sustenance of 
the country. Nevertheless, India, as a country, kept a watch on the industrial growth 
and solely owing to the fi nancial constraints took the strategy of liberalization to 
achieve industrial growth. Implementation of this strategy led to an undocumented 
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Industrial Revolution in India. However, during the initial part of this revolution, due 
to the liberalization policy being not in full form, India faced setbacks, a major of 
which is its failure to set up semiconductor plants despite all efforts. 

 As time passed by, owing to the easy adaptation of the Indian community to the 
knowledge-based industry like information technology (IT) and software (SW) 
development, the liberalization policy of the Indian government getting into a full 
farm and affordable infrastructure requirement of the industry itself, India could 
establish well in the IT sector and create a global icon in this space [ 2 ]. As such, 
through in-house software development infrastructure and also through outsourcing 
business model, India started provisioning the IT intellectual capital taking its share 
of the global market. To sustain the global demand, India had to take widespread 
technical education which it could do very successfully during the late 1980s and 
early 1990s. However, the quality of technical education just met the skill set 
required for rendering nominal IT and SW services. With the growing work experi-
ence of the IT and SW sector coupled with the increasing demand for skilled man-
power, a broadened and deepened skill set is warranted even from a fresh engineer 
just out of college. This situation awakened the technical education sector to review 
the quality of technical education provided and discover the prevalent lacuna. 
Although, initially, the industry might have remarked at the education sector for the 
quality of engineers produced, eventually, the industry approached the problem 
with a collaborative approach by having co-ordinated interaction with the education 
sector in terms of workshops, symposia, fi nishing schools, etc. [ 3 ]. The education 
sector also reciprocated to this approach in the affi rmative and within itself started 
exploring the adaptation of process orientation which has, by then, been proved as 
an effective mechanism in the industry to build quality the fi rst time. 

 On the other hand, corporates taking the leadership position in the IT and allied 
industry sector have discerned the benefi t of process orientation in gracefully han-
dling their intellectual capital. Eventually, many corporates have achieved remark-
able success by adapting process orientation. Having witnessed this scenario and 
also owing to the commonality of the need to handle knowledge assets and intel-
lectual capital, the education sector also got into adapting process orientation. This 
paper is focussed in this direction and is organized as follows: Section  2  presents 
few successful process models from the industry sector, whereas Sect.  3  presents the 
NBA process model which is, by far, the de facto standard for the education sector. 
Section  4  discusses the possible extensions to the NBA process model, and conclu-
sions for the present work are drawn in Sect.  5 .  

2      Models 

 While the ISO process model ruled all the manufacturing industries, the Capability 
Maturity Model (CMM) and its variants, SPICE and ISO26262 process models, 
provided the IT and related SW service sectors with the process framework. Process 
models employed by IT and SW services assume relevance owing to their 
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commonality with the education sector. Also, predominantly, the CMM and its vari-
ants were grown in an educational institution in the hands of able educationalists. 

 The CMM, a process model nurtured, extensively, by the Software Engineering 
Institute at Carnegie Mellon University, is employed by the software industry to 
build software in a process-oriented manner. A diagrammatic representation of the 
CMM is depicted in Fig.  1 . The model houses fi ve levels of maturity, listed below:

     1.    Initial   
   2.    Repeatable   
   3.    Defi ned   
   4.    Managed   
   5.    Optimizing    

  Each of these levels is associated with a fi xed number of key process areas 
(KPAs) as indicated in Fig.  1 . There are 18 KPAs which are distributed amongst the 
fi ve levels. Obviously, stringent KPAs appear at higher levels of maturity. Each of 
these KPAs is associated with specifi c number of key practices, activities, measure-
ments and verifi cation mechanisms. 

 Applying multiple CMMs that are not integrated within and across an organiza-
tion could be costly in training, appraisals and improvement activities. As such, the 

  Fig. 1    CMM in software 
development process [ 4 ]       
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Capability Maturity Model Integration (CMMI) project was formed to sort out the 
problem of using multiple models for software development processes; thus, the 
CMMI has superseded the CMM, though the CMM continues to be a general theo-
retical process capability model used in the public domain. 

 Although CMM houses the best practices of the industry, it does not address the 
human part of the industry which is of paramount importance in human capital 
industry like that of IT and allied sectors. To enable this, a People Capability 
Maturity Model (P-CMM) [ 5 ] has also been proposed. The P-CMM can be used as 
a framework for improving the way in which an organization manages its human 
assets. The P-CMM also shares the same fi ve levels of maturity as that of CMM 
although the KPAs that constitute these levels (20 KPAs) are focussed on the human 
counterpart rather than the software quality. 

 The fi ve levels of maturity are:

    1.    Initial which shall ensure, at least, a set of informal people management practices   
   2.    Repeatable which shall ensure the establishment of policies for developing the 

capability of the staff   
   3.    Defi ned which shall ensure the standardization of best people management 

practice across the organization   
   4.    Managed which fi xes and tracks the achievement of quantitative goals for people 

management   
   5.    Optimizing which ensures the existence of continued focus on improving individual 

competence and workforce motivation     

 The overall summary of CMMs is that whereas the earlier version of CMM 
incorporated the process orientation across the industry, the P-CMM addressed the 
people counterpart of the industry. However, in reality, the P-CMM is not practised 
in the industry as closely as the traditional CMM process. On account of this, IT and 
especially the software industry could achieve commendable success only in ren-
dering services that are low on the value chain amongst the spectrum of activities 
associated with typical service sectors. The industry for their own reasons did not 
allow the intellectual growth of their associates and as such there could not be any 
fruitful participation of theirs in executing high-valued tasks. In this direction, it is 
imminent that corresponding process-oriented models being employed in the edu-
cation sector need improvisation as would be explained in the following sections.  

3         NBA (National Board of Accreditation) 
Model for Technical Education 

 Accreditation is a process of quality assurance and improvement, whereby a pro-
gramme in a technical institution is critically appraised and given credit for its aca-
demic strength and objectives of the institution. The need for accrediting technical 
education programmes has grown due to the unprecedented growth in the number 
of educational institutions and programmes. The NBA shoulders the responsibility 
of framing the process model and assessing the institutions for attainment of their 
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educational objectives. The NBA has, probably, assumed an evolutionary approach 
for their mission of framing the process model. In this direction, technical institu-
tions are witnessing the revised NBA process which is outcome based rather than 
the traditional infrastructure-based one. The present NBA model to assess the qual-
ity of technical education is a template-based one. The template provided by the 
NBA is manifested as the self-assessment report (SAR) and shall be used by the 
assessee institutions to represent the processes being followed and the outcome 
thereof. The NBA shall carry out the fi nal assessment based on the validation of 
SAR contents and the interviews with the stakeholders of the assessee institutions. 
The advantages of the present NBA process include:

    (a)    Creativity to defi ne the processes. In fact, the assessee institutions are at liberty 
to defi ne their custom-built models as long as their outcomes generate the data 
required to fi ll the SAR which shall be validated by the NBA during their 
accreditation task.   

   (b)    While the creativity is at its best as briefed above, the SAR template is also sug-
gestive of defi ning a simple set of processes to meet the template requirements. 
This approach might still be valid for an initial run of the accreditation.   

   (c)    Advocates, either implicitly or explicitly, the concepts of outcome-based 
education and graduate attributes which are vital to world standards like 
Washington Accord.   

   (d)    The NBA has coined the term “programme” to represent a specifi c course of 
study (leading to a degree in specifi c technical area). This makes the model scal-
able since any institution (or even a department within an institution) could be 
running several programmes which can get accredited independent of one another.   

   (e)    Customized for the present Indian scenario with coexistence of both autono-
mous institutions and university-affi liated colleges. The two variants of SAR 
shall meet this requirement.   

   (f)    Formal introduction of process-based models which are hitherto unheard of in 
the educational fi eld.     

 The NBA SAR expects the assessee institutions to furnish information under the 
following heads: (1) Vision and Mission, (2) Programme Educational Objectives 
(PEOs), (3) Programme Outcomes (POs), (4) Students’ Profi le, (5) Faculty Profi le, 
(6) Infrastructure, (7) Programme-Specifi c Criteria and 8) Process Improvement. 

 Whereas items 4 through 7 are, predominantly, factual information, the maturity 
of the assessee institutions lies in the way the institutions handle items 1 through 3 
and importantly item 8. In specifi c, item 1 shall refl ect the long-term goal of the 
institutions, item 2 shall refl ect the midterm goal of the institutions and item 3 shall 
refl ect the just-in-time operational goal of the institutions. Remarkably, the POs 
closely match the graduate attributes (GAs) as defi ned in the Washington Accord. 
The maturity of the institutions get, predominantly, decided based on the following:

    1.    Sound delivery mechanisms   
   2.    Assessment mechanisms   
   3.    Conviction with which the institutions map the facts to the attainment of POs 

and PEOs     
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 A typical set of processes/mechanisms that could fulfi l the programme assessment 
requirements based on the SAR template of NBA is explained in the following 
paragraphs: 

 Assessment of the attainment of Programme Educational Objectives (PEOs) by a 
functional entity, formally termed the “Programme Attainment Evaluation Mechanism 
(PAEM)”. The PAEM forms a part of an overall Programme Execution Model which 
may be formalized as “Programme Execution Process Model” (PEPM). Simply 
stated, the PEPM is a closed-loop system that governs the execution of any programme 
offered by the associated department. The PAEM and other functional entities of 
PEPM are generic entities that manifest, differently for different programmes. This 
enables PEPM to be scalable across varied programmes that are, presently, being run 
as well as the programmes, probable, in the future. 

 The PAEM is a collection of mechanisms which are broadly classifi ed as “Direct 
Assessment Mechanisms (DAMs)” and “Indirect Assessment Mechanisms (IAMs)”. 
Mechanisms typical of DAMs include Continuous Internal Evaluation (CIE)- and 
Semester End Examination (SEE)-based assessment mechanism. Mechanisms typi-
cal of IAMs include (1) employers’ survey, (2) alumni survey, (3) exit survey, 
(4) faculty survey, (5) course end survey, (6) students’ feedback, etc. 

 Each of these mechanisms is associated with a specifi c process and an associated 
analysis tool. The processes and the associated analysis tools of each of these mech-
anisms, together, on their individual merits, produce performance indices, formally, 
termed as “PEO Metrics”. PEO Metrics constitute the prime input for an overall 
analysis tool termed as “Programme Assessment Metric Tool (PAMT)”. The PAMT 
operates on the PEO Metrics along with other confi gurable and computes the over-
all fi gure of merit for each of the PEOs. These fi gures of merit are termed as PEO 
Indices. The typical approach of this type is presented in Fig.  2 .

4         Motivations for Enhancements to the NBA Process 

 The previous sections presented the commonality of the process orientation across 
the manufacturing sector, knowledge-based service sectors (IT, SW and allied 
industries) and educational sector. This section deals with the motivations which are 
rather compelling on the educational sectors to incorporate enhancements to 
process orientations. Articulations of such motivations which are presented in the 
following paragraphs are reiterations of the facts, already highlighted above, with 
varied viewpoints: 

 Both the knowledge-assisted industry and more so the knowledge-based industry 
have achieved a good level of success having been process oriented. Especially in 
the Indian context with only the recently coming-up China as a close contender, the 
knowledge-based industry could create global icons, predominantly, owing to their 
process orientation. This aspect together with the fact that knowledge-based indus-
try is based on human intellectual capital, clearly, suggests that the education sector 
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which, indeed, fulfi ls the need for human intellectual capital needs to have much 
more than the best of the process framework. 

 An evolving industry requires people with technical expertise to grow the industry, 
whereas corporates associated with most of the industry segments attach only a com-
mercial tag and remain satisfi ed with the, continuously, enhancing wealth without 
realizing the fact that, eventually, the need or the lack of technical expertise would 
curtail the growth. The service sector as a part of the IT industry is a classic example 
of industry with this short-sightedness wherein senior technical people are not 
observed to grow with the industry unless they transform themselves into a manage-
ment ladder which, only at lower levels, is the counterpart of the technical ladder. 

 One other motivation for the need of a process framework and beyond for the 
education sector can be drawn from the success of the IT, ITES and SW industry. 
The progress of these industry segments is evolutionary and a twofold one. Firstly, 
the constituent corporates evolved into mature multinational companies. Secondly, 
nature of activities that constituted the services, progressively, added more and 
more direct values to the end product rather than being a part of the supportive 
 ecosystem for the product or the subsystem. This success is achieved over a period 
of 2–3 decades. This fact proves the sustainability and assured unprecedented 
growth capability of the process orientation. 

 Having established the need for enhancements to the process framework for 
technical education, as explained in the previous paragraphs, a mature model for 

  Fig. 2    Programme assessment framework       
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technical education could, comfortably, rest on the 3Ps namely (1) process, (2) person 
and (3) personality. To the best knowledge of the authors of this paper, there is not 
a three-pronged model for technical education that houses the role of process, person 
and personality in building a mature model for technical education. These entities of 
the enhanced model are explained in the following sections (Fig   .  3 ):

4.1       Process 

    The success of varied industry segments owing to the process orientation as explained 
in the previous sections, probably, has profound infl uence on the education sector 
and is manifested to a great extent in the present NBA assessment process, itself. The 
modifi ed NBA process with its attempt to benchmark against the Washington Accord 
advocates 8 KPAs as listed in Sect.  3 . Despite the, apparently, complete NBA process 
model, taking the example of specifi c industry segment, the question to be answered 
is whether the education sector should just follow the software industry and adapt 
process orientation. The answer turns out to be not in the affi rmative owing to the 
fact that the education sector enjoys the privilege of providing the intellectual capital 
to the SW industry and hence needs to have attributes in addition to an assortment 

  Fig. 3    Augmented process framework for technical education (3Ps)       
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of processes. It is with this motivation that additional Ps are introduced which are 
explained in the following sections further.  

4.2     Person 

 Section  3  indicated delivery mechanisms, assessment mechanisms and the ingenuity 
associated with PO-PEO mapping as the drivers for nurturing the maturity of any insti-
tution. However, Sect.  3  detailed only the assessment mechanisms but left out the 
other two aspects. These are the two aspects which could, effectively, be addressed by 
the human aspects rather than the process, all alone. In the present context, “person” 
refers to the faculty. Although certain attributes of the faculty are captured, directly or 
indirectly, in the present NBA process, there could be additional attributes which are 
not amenable to the nominal process framework. These additional attributes could be 
grouped into three vital attribute groups which a faculty gains as he/she progresses 
with the teaching career. These vital attribute groups are identifi ed as (1) experiential, 
(2) professional and (3) practitioner attributes. The attributes which can be branded 
into one or more of the above attribute groups become important in causing vital 
contribution to technical education. Specifi cally, the experiential and professional 
attribute of the faculty helps him/her in augmenting his/her delivery mechanisms, 
whereas the practitioner attribute of a faculty helps him/her assuming higher roles in 
the institution like the “Dean of Studies”, “Controller of Examination”, “Registrar”, 
etc. Although such of these aspects are, implicitly, covered in the present NBA process, 
a greater depth of assessment with respect to these attributes could only be carried out 
only if there exists a focussed formalism that would objectively describe these 
attributes and a specifi c focus is laid during the accreditation assessment process.  

4.3     Personality 

 Whereas human attributes associated with the identifi ed attribute groups listed 
above can be achieved with a reasonable stint with the teaching career, there are 
certain attributes which could only be achieved over a longer stretch of overall expe-
rience. These attributes albeit diffi cult to specifi cally defi ne, collectively, dictate and 
make the institution demonstrate the varied manifestations of a philosophical 
approach to providing technical education. At a broader level, the attributes that 
dictate the personality can be, hierarchically, listed as (1) ethical, (2) philanthrophic 
and (3) philosophical. Assessment with respect to the personality attributes could 
only be carried out if there exists a formalism that would objectively describe these 
attributes and a specifi c focus is laid during the assessment process. However, these 
aspects, typically, are integral with the humans, but their manifestations are only 
witnessed when demonstrated. To get assessed into this level, it also becomes essen-
tial that the institutions encourage and appreciate such personality.   
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5      Conclusion 

 In this paper, evolution of technical education in India has been explained. The 
importance of process-based model in the education sector is explained as an extension 
to the prevalent process orientation in the knowledge-based industry sectors. More 
importantly, as a signifi cant contribution of this paper, the importance of personal 
attributes and personality attributes, predominantly, of the teaching faculty, which 
could, additionally, elevate the maturity of technical institutions to higher levels, is 
also discussed.     
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    Abstract     Manual drafting improves spatial skills and helps to develop mental con-
versions into 3D reality, whereas computer-aided drafting is too successful because 
of being easy to draw complex drawings, time saving, easy editing, mass storage of 
drawings, and ample tools to draw complex shapes. The integration of manual draft-
ing and the use of CAD software to draw engineering drawings bridge the gap 
between the spatial skills and mental conversion of 2D to 3D drawings with the 
advantages of computer-aided drafting as mentioned. Traditional methods of class-
room teaching have proved out to be boring and inactive. Experiential learning 
through new techniques in Computer-Aided Engineering Drawing (CAED) class-
room is a must to create excitation in the classroom and attain teaching-learning 
experience to the highest effi ciency. This paper describes how the integration of 
manual and computer-aided drawing can be done indicating the Course Learning 
Objectives (CLOs), mapping of CLOs with Abet 3a to 3 k criteria, and chapter-wise 
evaluation scheme and also suggests different techniques of experiential learning 
and their methodology implemented in this course which enhance the manual and 
computer-aided drawing integration. This paper also clearly indicates the outcome 
of the techniques, with a signifi cant improvement in the academic excellence of the 
students.  

  Keywords     Experiential learning   •   Computer-aided drafting   •   Manual drafting   • 
  Motivation  
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1         Introduction 

 Work done by Sorby and Gorska [ 1 ] concludes that hands-on sketching and drawing 
tend to improve spatial skills more than courses that stress computer-aided drawing 
methods. They suggest that the physical nature of the drafting experience develops 
a deeper understanding of the meaning of lines and symbols on a page and helps to 
develop the ability to make mental conversions into 3D realities. McCardle [ 2 ] con-
cludes that the value of manual technical drawing lies in the development of visual-
ization and manipulation of views 2D and 3D. Technology education curriculum 
reviews have resulted in an increased requirement for the teaching of CAD 
(computer- aided drafting). CAD systems are too successful due to being too easy to 
draw complex drawings, time saving, easy editing, mass storage of drawings, and 
ample tools to draw complex shapes. Some technology education teachers believe 
that in a world of CAD, there is no place for drawing boards and set squares. 

 Considering the fact advantages of manual drafting and computer-aided drafting, 
the course content is so designed to accommodate both manual and computer-aided 
drawing. Below is the mapping of CLOs with Abet 3a to 3 k criteria [ 3 ] of the inte-
grated course and the scheme of evaluation. Care is taken so that equal importance 
is given to learn manual drafting and computer-aided drafting as well. 

 Following are the Course Learning Objectives (CLOs) mapped with Abet 3a to 
3 k criterion (program outcomes) with degree of compliance as L (low), M (medium), 
and H (high).

    1.    Use BIS conventions in all his drawings and interpret them from a drawing – 3 g 
(M), 3i (L), 3j (L), 3 k (M).   

   2.    Use modern drafting tool for all his drawing needs – 3 k (M).   
   3.    Draw orthographic projections of points, lines, solids, and sectional views of 

simple solids – 3a (M), 3 g (M), 3i (L), 3 k (M).   
   4.    Draw the development of the lateral surface of solids, truncated solids, frustums, 

and transition pieces – 3a (M), 3 g (M), 3i (L), 3 k (M).   
   5.    Convert pictorial views into orthographic projection with or without section and 

fi nally transform his vision into orthographic views – 3a (M), 3 g (M), 3i (L), 3 k (M).   
   6.    Able to read orthographic projections of simple solids and their combinations 

and convert them into isometric view/projection – 3a (M), 3 g (M), 3i (L), 3 k 
(M) (Table     1 ).    

   The learning of this integrated course can be enhanced to a great extent by some 
experiential learning techniques. Some of them were practiced during the imple-
mentation of the course. They are mentioned in upcoming paragraphs.  

2     Experiential Learning Techniques 

 Kolb [ 4 ] has to be given credit about experiential learning. He developed this theory as 
a way to evolve beyond traditional classroom teaching techniques that favor detached 
learning of abstract concepts that might have disconnected from direct experience. 
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According to Kolb, “experience is seen as an interaction or more as a transaction 
between a person and his environment. Abstract thinking is a product of concrete expe-
rience rather than knowledge that can be learned from books and lectures. The four 
modes usually assembled in is called the experiential learning cycle. They are concrete 
experience (CE), refl ective observation (RO), abstract conceptualization (AC), and 
active experimentation (AE). Learners must be able to involve themselves fully, openly, 
and without bias in new experiences (CE). They must be able to refl ect on and observe 
their experiences from many perspectives (RO). They must be able to create concepts 
that integrate their observations into logically sound theories (AC), and they must be 
able to use these theories to make decisions and solve problems (AE).” 

 In today’s scenario, creativity in teaching methods is coming into light recently. 
Reasons for this are many. The major being lack of interest of the students in the 
class, technological developments, expectations of students, and practical imple-
mentation of the subject. Innovation in education is important because we need to 
prepare young people for an exciting but uncertain future. In a learning and teaching 
environment, this means creating opportunities for students to learn in new ways to 
meet their individual needs. 

 To address all these, seven experiential learning techniques are practiced to over-
come conventional “chalk and talk” method. Before practicing these techniques, 
analysis was done on student’s result, knowledge of converting pictorial view into 
orthographic projection and vice versa, and practical implementation of the knowl-
edge of drawing which is more important from the industry point of view. The 
techniques implemented create interest in the subject and presence of mind. The 
expected outcomes are more familiarization of the CAD software, conversion of 
pictorial view into orthographic projection and vice versa easily, practical imple-
mentation of the subject, and improved imagination skills.  

3     Implementation of Experiential Learning Techniques 

3.1     Reverse Engineering 

 In industry, one of the roles of the design engineer is to generate drawings for bro-
ken or failed components. The designer is expected to go to the site, measure the 
dimensions of broken component, and produce the drawings for manufacturing. 

   Table 1    Chapter-wise evaluation scheme   

 Unit  Chapter  Manual  Computer  Total 

 I  1.  Introduction  –  –  – 
 2.  Projection of lines  15 marks  15 marks  30 
 3.  Projection of solids 
 4.  Sections of solids 

 II  5.  Development of lateral surfaces  15 marks  15 marks  30 
 6.  Conversion of isometric to orthographic views 

 III  7.  Isometric projection/view  20 marks  20 marks  40 

 Total marks  50  50  100 
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 CAD users who have had hands-on problem solving through descriptive geom-
etry and graphics taught using 3D physical models have improved spatial abilities. 
They argue that such experience has a positive impact on their understanding of 
CAD compared to those who have learned CAD systems only [ 1 ]. 

 Cooperative learning allows students to work in teams to share ideas and experi-
ences [ 5 ,  6 ]. Keeping this in mind, simple wooden components are given for a group 
of four students. Each group should discuss, measure the dimensions of the compo-
nent, and draw different views. Each group submits only one solution after discus-
sion. By doing so, students learn how to draw 2D drawings for 3D object and learn 
how to communicate with team members. Figure  1  shows students engaged in this 
activity.

3.2        Model Making 

 Practical exposure is essential to the learning of concepts, and the experience should 
be as real as possible [ 7 ]. Generally, students come across situations wherein they 
need to prepare some of the components by themselves, for example, a tray to house 
circuit board and body for small robots which they create for competitions. Though 

  Fig. 1    Students discussing dimensions of a product in reverse engineering activity       
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students learn theoretical part of the development of lateral surfaces, they face dif-
fi culty in preparing the actual model. To overcome this practical diffi culty, the 
model-making task was given to each student. 

 To make them realize the importance of the development of lateral surface, stu-
dents should prepare a 3D model using card sheets. The models prepared by stu-
dents not only include truncated prisms and pyramids but also the combination of 
curved surfaces and fl at surfaces as shown in Fig.  2 . Demonstration on how to make 
such models was given in a class so that students learn cost-effectiveness and practi-
cal diffi culties. This process is more helpful for sheet metal operations, especially 
for mechanical engineering sciences students.

3.3        Visual Aid 

 According to Kolb [ 4 ], assimilator students grasp videos or images quicker than the 
conventional chalk and talk. Based on experience, majority of the students fi nd it 
diffi cult to imagine a 3D part and convert that into 2D in the mind. To make imagin-
ing in a systematic way and conveniently, videos on isometric to orthographic pro-
jection of engineering components were shown. This creates a platform to imagine 
in a systematic way and draw the views with less diffi culty.  

  Fig. 2    Card sheet models made by students during model-making activity       
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3.4     Practical Implementation 

 Students have a desire for practical application of theoretical knowledge to the 
workplace [ 8 ]. After learning 80 % of the subject, a group of students are given a 
problem defi nition in which they have to apply their knowledge on the subject, 
identify suitable resources, and complete the task. 

 For example:

•    A group of students were assigned to make sheet metal box to accommodate 
circuit boards.  

•   To demonstrate solids of revolution, a group of students were assigned to prepare 
a working model in which the plane surfaces when rotated about an axis, which 
appears as solid.  

•   A group of students were assigned to build sheet metal prisms, pyramids, and 
tetrahedron (as shown in Fig.  3 ) by taking the dimensions from existing wooden 
models which were used for class demonstration purposes.

3.5           Drawing Competition 

 To make students more familiar with the software commands and to draw the draw-
ings quickly and accurately, drawing competition is being conducted. Unlike the 
conventional drawings, these drawings include almost all the options available in 
the CAD software to be used. Using hot keys and faster methods to tackle such 

  Fig. 3    Tetrahedron made by students during practical implementation activity       
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drawings were explained for the participants. Evaluation of the competition was 
made on the basis of the shortest time to fi nish the drawing, accuracy of the draw-
ing, and adoption of BIS conventions for drawing. To motivate students [ 9 ], the top 
two students are given either motivational book or pen drive as a prize.  

3.6     Imagination Skill 

 The interpretation necessary between 2D and 3D and vice versa involves more than 
the ability to follow techniques and procedures to “solve the problem.” In industry, 
modeling engineer’s responsibility is to generate 3D component for a given 2D 
drawings and vice versa. 

 At the beginning of the class, the isometric view (Fig.  4 ) of the component was 
displayed, and students were expected to draw orthographic projections. Later the 
solutions are displayed and students will cross evaluate themselves. The complexity 
of 3D component goes on increasing from class to class. After 50 % of the course 
completion, orthographic projections (Fig.  5 ) were displayed, and students are 
expected to draw isometric view. By the end of the semester, students were able to 
draw orthographic projections for the given 3D objects and vice versa.

4          Observation and Conclusion 

 The integrated approach towards engineering drawing will be very helpful as the 
student will learn both manual and computer-aided drawing and, with the certain 
experiential learning methods or techniques like mentioned above, will help student 

  Fig. 4    Example of isometric view of a part for imagination skill activity       
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to grasp the subject more easily. Very interesting things were observed during the 
implementation and post implementation of the abovementioned techniques. 

 Reverse engineering is a wonderful activity which can be conducted especially 
for mechanical engineering science students. Students will enjoy this session very 
much. It was observed that the model-measuring skills were also improved, since 
this activity is more practical and group involved than that of the traditional 
sketching. 

 Model making is helpful, especially for mechanical engineering sciences stu-
dents. While participating in some of the robot competitions, students used this 
model-making skill with sheet metal and card boards, etc. for their robots. This 
means that students are able to implement whatever is taught in the classroom into 
their day to day activity. 

 Drawing competitions are unique, and students did show maximum enthusiasm 
to learn the curriculum and the CAD software. Such kinds of competitions are to be 
conducted wherever computer tools are used. 

 Imagination skills activity is also interesting because it helped the students to 
create orthographic views of points and lines easily. 

 Table  2  refl ects some statistics of the academic improvement in Continuous 
Internal Evaluation (CIE) of the 2012 batch students who have experienced the 
abovementioned experiential learning techniques. The comparison is done on 2 

  Fig. 5    Example for orthographic views of a part for imagination skill activity       
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consecutive academic years 2011 (who have not experienced these techniques) and 
2012. During sampling, almost same caliber students are taken for comparison.
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    Abstract     The outcome-based education (OBE) system is one of the emerging 
trends of education which helps students to progress in their professional career and 
makes teachers more creative about their teaching methodologies allowing them to 
improve the quality of teaching by adopting suitable teaching tools. The measure-
ment of attainment of program outcomes is an important tool which provides a 
yardstick to visualize how far an institution has succeeded in delivering what it 
visualized. This paper provides a method by which the attainment of program out-
comes can be quantifi ed by using various tools like internal evaluation and various 
other surveys. This method is evolved and practiced in the department of Electronics 
and Communication Engineering, BMSCE since practicing OBE concepts. This 
method can be aptly applied by all colleges which are in the line of accrediting their 
program to the NBA.  

  Keywords     Outcome-based education   •   Graduate attributes   •   PO attainment   • 
  Course outcomes   •   Continuous improvement  

1         Introduction 

 Outcome-based education in engineering colleges across the world is a major 
change that various academic institutions and other engineering colleges are willing 
to adopt in their academic system. In Karnataka, India, top engineering colleges are 
already working towards the outcome-based education system, to be accredited by 
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the National Board of Accreditation, New Delhi. The NBA has introduced a new 
accrediting process following the rules of Washington Accord, an international 
agreement bodies responsible for accrediting engineering degree programs [ 1 ]. 
According to OBE system, the NBA’s parameters called Graduate Attributes [GAs] 
must refl ect on a graduate of an engineering program. 

 OBE is an educational process that involves the restructuring of curriculum, 
assessment methods, and reporting practices in education to refl ect a better learning 
and improving the skills with additional supporting qualities of an engineering 
graduate instead of accumulating the credits. This approach defi nitely demands a 
positive change in the teaching and assessment methods of teaching faculty of aca-
demic institutions. 

 In this paper, a method to assess the performance of students is discussed which 
is then used to show the attainment of the program outcomes. The following sec-
tions give a brief description of the requirements and preparations of the program to 
show continuous improvement. Section  2  presents a CO-PO model and methodol-
ogy used in the program. Section  3  explains the assessment tools with PO attain-
ment components along with the proposed process of PO attainment. Section  4  
discusses the scope for further improvement with conclusion.  

2      CO-PO Model 

 The    12 graduate attributes (GAs) prescribed by the NBA are as listed in Fig.  1 . Each 
program has its own program outcomes (POs) defi ned using suitable process and 
must be aligned with the graduate attributes.

   Authors take the example of their own program which has integrated courses as 
well as nonintegrated courses in the curriculum. In the program, one-to-one map-
ping between GAs and POs is adopted as shown in Fig.  2 .

   Each course of the program is designed with a set of course outcomes (COs). 
Each of these course outcomes maps few of the program outcomes based on its 
content as shown in Fig.  3 , and all the courses together map all the program out-
comes. For example, a course like basic engineering mathematics normally maps to 
PO1 and PO2. However, with suitable changes in the content and the assessment 
tools, mathematics can also be mapped to higher POs, say PO3 or PO4. Similarly, 
an integrated course like “Digital Electronics” content of the course results in a 
mapping with PO1, PO2, and PO4. However, by changing its content by introduc-
ing a modern tool for simulation of the circuits, one can map this course to PO5 
which is related to modern tool usage.    The main aim of “outcome-based education” 
is to make teachers use their creativity to bring transformation in engineering teaching 
to produce quality engineers for a better world.

      Faculty handling various courses identifi es the required course delivery methods 
and assessment tools to be used at the beginning of the course. At the end of the 
course, faculty check the attainment of course outcomes using various assessment  
tools. The resulting course outcomes are then used to fi nd attainment of the related 
program outcomes. This is done by all the course instructors and for all the program 
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courses. The individual program outcomes are then used to fi nd the overall attainment 
of the program outcomes by the program coordinator.    The POs so obtained are ana-
lyzed to fi nd the shortcomings of the existing curriculum structure, assessment 
method, and delivery mechanisms and revisit the set goals. Corrective measures are 
then recommended to improve the attainment level for a new performance target to 
achieve improvement in the teaching–learning process [ 2 ,  3 ]. So this becomes a con-
tinuous process to improve the quality of the graduates moving out of the program.  

  Fig. 1    Graduate attributes       

  Fig. 2    One-to-one mapping between graduate attributes and program outcomes       

  Fig. 3    Course outcomes mapping to few program outcomes       
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3      PO Attainment Process 

 The method presented in this paper is based on the existing curriculum of an  autonomous 
institution where fl exibility is given to the program coordinator and the board of studies 
to modify the course content and a new course can be introduced without removing the 
fundamental courses. PO attainment of a course is the sum of PO attainment obtained 
from the direct assessment tools and the indirect assessment tools. The direct assess-
ment tool assumed in this method is Continuous Internal Evaluation (CIE) analysis 
which is derived from the test paper, quiz paper, and lab performance analysis of a class 
of students. The indirect assessment tools assumed here are the Semester End Exam 
(SEE) result analysis, exit survey report, and faculty feedback report. The program 
coordinator in consultation with the Academic Audit Committee fi xes the weightage 
for the assessment tools. In this paper, it is assumed that 70 % come from the CIE 
analysis, 10 % from the SEE analysis, 10 % from the exit survey, and 10 % from the 
faculty feedback report to calculate the PO attainment of a course through the CO 
attainment. The components of PO attainment are shown in Fig.  4 .

   Before the application of the PO attainment process, the course instructor 
should have:

    1.    Test question papers with each question mapped to course outcome which in turn 
maps to program outcome   

   2.    The test performance details of the students taking that course   
   3.    Similarly quiz and quiz scores, lab test questions and lab score, mini projects 

with related scores, etc.     

  Fig. 4    Components of PO attainment       
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 The process of program outcome attainment consists of three steps.

    Step 1    

    1.    The details of the course and students are entered in an excel sheet.   
   2.    The test paper details – question numbers with related course outcomes mapped 

to program outcomes and marks allotted – are entered.   
   3.    The test performance details are entered in the attainment spread sheet.   
   4.    Total marks for each question (course outcome) of the course are calculated.   
   5.    Total marks divided by the test strength gives the normalized marks.   
   6.    Average CO attainment values are obtained from normalized marks and are 

mapped to fi nd the PO attainment values of the sample course.   
   7.    Repeat from steps 1 to 6 for other assessment tools like quiz, lab, and mini 

project.    

    Step 2    

    1.    The performance target for each program outcome is defi ned. The direct and 
indirect assessment tools are identifi ed.   

   2.    The courses contributing to the same program outcome are identifi ed.   
   3.    The attainment values obtained for each course from the direct assessment tool 

(CIE analysis) are listed, and the average attainment is calculated.   
   4.    The reports obtained from indirect assessment tools are used to provide addi-

tional information regarding the selected program outcome.   
   5.    The weightage for the CIE analysis and for the indirect assessment method is 

fi xed by the Academic Audit Committee in consultation with the program 
coordinator.    

    Step 3    

    1.    The program coordinator, the Academic Audit Committee, and the Department 
Academic Committee analyze the attainment values and determine whether 
there is a need for changes in course delivery methods, curriculum content, 
 evaluation, and assessment methods.   

   2.    The program coordinator, the Academic Audit Committee, and the Department 
Academic Committee recommend the corrective measures for improvement 
of POs.   

   3.    The recommended measures are followed by course instructors to improve the 
attainment level.   

   4.    Repeat step 1 through step 3 by setting a new, higher target.    

  The total attainment value is the sum of attainment values obtained from both 
direct and indirect assessment tools. 

 Figure  5  shows the process of PO attainment calculation as explained in steps 
1 and 2.

   Figure  6  shows the process of PO attainment analysis as explained in step 3.
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Step -1PO Attainment process
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  Fig. 5    Determination of PO attainment values       
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4         Conclusions 

 This paper details the procedure for calculating the attainment of program outcomes 
through course outcomes. The paper discusses the role of various tools used such as 
CIE, exit survey, faculty feedback on graduates, and SEE. This methodology can be 
aptly applied to all the courses that have a defi ned course outcome, each of which is 
addressing an established program outcome. 

PO Attainment analysis

Academic Audit Committee
(AAC)

Step - 3

Set the Performance target
PT = 70%

Set PO = N,
N = 1,2, .....12

Select N = 1

PO - N > = PT ? YES
PO - N is attained

PO - N = H

Set N = N + 1NO

NO

PO - N is
moderately

attained
PO - N = L

N = 12 ?

YES

PO Attainment Process Completed

AAC analyse the PO attainments &
recommends improvement measures

Go to step-1 Set higher performance target

  Fig. 6    PO attainment analysis process       
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 New assessment tools can be designed to fi nd the PO attainment. For example, 
the SEE is used as an indirect assessment tool in this paper with a weightage of 
10 % as only the fi nal end exam result analysis is considered. However, it can be 
converted into a direct assessment tool once the SEE score sheets are available. As 
a result of this, the weightage of SEE can be increased from 10 % to 40 %, while the 
weightage fi xed for CIE can be reduced from 70 % to 40 %, maintaining same the 
weightage for exit survey and the faculty feedback. Similarly, the course end survey 
taken at the end of a semester can be used as an indirect assessment tool with suit-
able weightage to fi nd the PO attainment through that course. Also, it is to be noted 
that once new assessment tools are introduced to assess a course, it will be mapped 
to different program outcomes. 

 Outcome-based education has made faculty to develop creative ways of assess-
ing student performance and good teaching practices for continuous improvement. 
Figure  7  shows the continuous improvement process adopted towards the PO attain-
ment through course outcomes.

   The faculty are working together to develop new innovative ways to make teach-
ing–learning very interesting.     

  Acknowledgement   The authors wish to express their gratitude to the Management, Principal, 
Vice Principal, and Dean (Academic) of BMS College of Engineering, Bangalore, for the encour-
agement and valuable suggestions extended towards the proposed method of fi nding the program 
outcome attainment and in bringing out this paper.  
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    Abstract     The innovation curve has become saturated; the low-hanging fruit has 
been exhausted by traditional problem-solving approaches. Any advancement in the 
education sector from here forward requires a new thinking paradigm: design thinking. 
This paper documents the process of infusing design thinking into the minds of the 
education system’s greatest problem-solvers: policymakers, engineers/designers, 
educators, and students of high school, undergraduate, and graduate schools. Using 
the formation of the Education DesignShop as a case study, we analyze the benefi ts 
and points of contention when using a design thinking approach, typical of tangible 
product designs, in a large-scale application, the systemic reform of education.  

  Keywords     Design thinking   •   Innovation   •   Social entrepreneurship   •   System  

1         An Introduction to Design Thinking 

 Design thinking fi rst appeared in Herbert A. Simon’s 1969 book  The Sciences of the 
Artifi cial . Since then, more than four decades of scholars have attempted to defi ne 
“design thinking” in terms that make most sense to their contextual application 
(product design, architecture, healthcare, etc.). While most problems in the educa-
tion system are solved from a research-based, crisis management-based, or linear, 
milestone-based approach, our design-based approach promises to yield more 
unique, creative, and effective solutions for the education system. 
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 Often called the twenty-fi rst-century skills, design thinking offers  problem- solvers 
a new departure from traditional standstills in problem-solving. The problem 
identifi cation and brainstorming stages of problem-solving underline the starkest 
differences between what is achieved in previous approaches and what is achieved 
in design thinking practices. Non-designers tend to the dynamic of judgmental 
interference wherein they cut ideas short of their creative potential and do not give 
it the chance to grow, develop, or even transform into something that might be a 
suitable, if not great, solution. 

 This judgmental interference is unnecessary and ill-suited at the brainstorming 
stage as it truncates ideas while it is too early to know whether or not they could 
have become a viable possibility. This truncation can come from endless predisposi-
tions that are inherent to the brainstormer’s psyche. Among these, the brainstormer 
can suffer from too much attention to pre-constructed limits (boundary conditions, 
assumed lack of access or zone of infl uence, lists of requirements) and/or from 
pathologically imposed constraints (complacency with the status quo, inherent 
resistance to change, unyielding preferences, fear of failure, judgment, and unex-
pected consequences, lacking the impetus for change). 

 A design thinking mentality, then, is exactly the antithesis of judgment interfer-
ence. Elements common to brainstorming under a positive design thinking mentality 
include a vision-based set of goals, an experience-based specification sheet 
(as opposed to a constraint-based specifi cation sheet), comfort with being risk 
averse, no judgment zones, and the perspiration of not giving up. Figure  1  describes 
other elements of design thinking seen through the steps of the design process.

   It is important to note that many teams may go through the steps of the design 
process and still not practice design thinking. Design thinking is more than just a 
series of prescribed motions; it is an inherent re-wiring of thought that requires 
complete mental reform from the obstructions we have created in our brains in order 
to see pathways we would have otherwise not discovered. This paper documents 
and analyzes recent attempts at fi xing the education system through the different 
mental infl uence of design thinking.  

  Fig. 1    A roadmap of design process steps ( black ) and their inherent elements of design thinking 
( gray ), beginning with problem identifi cation       
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2     Design Thinking for the Education System 

 At the product level, the Education Designathon in Spring 2013 [ 1 ] demonstrated 
that there was space for creativity and innovation in educational tools if certain 
education challenges were approached with a design thinking framework. Examples 
of these tangible products included, among others, DynamicTable, a rotating high 
top table that connects to a computer’s monitor such that restless kids would have to 
walk around the table clockwise to scroll the page up and counterclockwise to scroll 
the page down, as well as the Little Book of Circuits, a children’s book with inte-
grated circuits that allow for a parent and child reading pair to interact and learn 
directly from the book. 

 While design-based approaches are common in tangible engineering and 
design products like DynamicTable and the Little Book of Circuits, they are 
only now beginning to prove themselves in their application to systemic chal-
lenges, like education. This next step is imminent. The challenge of using design 
thinking in education rests in that policymakers—currently the bigger power 
holders, or stakeholders, in the education space—are trained otherwise. 
As IDEO explains, “the natural tendency of most organizations is to restrict 
choices in favor of the obvious and the incremental. Although this tendency may 
be more effi cient in the short run, it tends to make an organization conservative 
and infl exible in the long run. Divergent thinking is the route, not the obstacle, 
to innovation” [ 2 ].  

3     The Education DesignShop: A Case Study 
in Using Design Thinking 

 Design thinking and maker thinking are on their way to being infused into schools 
with the recent developments in nontraditional educational spaces such as the Art 
and Science Prize, NuVu High Schools, and “Innovation Schools” [ 3 ] like the Up 
Academy and the Boston Green Academy. To drive home change in the education 
system, however, there needs to be more. 

 In order to fi x the education system, design thinking needs to be established as an 
embedded problem-solving paradigm. This paper documents the design thinking 
elements behind creating the fi rst ever Education DesignShop (to occur at MIT in 
Spring 2014). The event began as a fi nal class project for the then cross-registered 
class at the Harvard Graduate School of Education (HGSE), T-550 Design for 
Learning by Creating. The event experiments with bringing interdisciplinary stu-
dents and professionals together in a unique mentoring and building environment 
to solve problems in education, all the while practicing design thinking. 
As follows, each section highlights the major step of the design process and the 
key action items within that process that, altogether, yielded the proposal for the 
Education DesignShop. 
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3.1     Problem Identifi cation 

 Beginning with the initial stipulation that education still suffers from various systemic 
challenges that need fi xing (some are centuries old), we reasoned that what it really 
needs is a new method of problem-solving. Notice that design thinking strategies 
common in product design were not present when approaching education reform. 
Observations from frustrated conversations across various circles identifi ed that key 
stakeholders (e.g., educators and policymakers) were not communicating to fi nd 
solutions that pleased (or were even informed by) both parties. 

 I asked myself if the root of the problem was a lack of creativity and innovation 
in the education space. Thinking back to products born at the Education DesignShop  
[ 1 ], we realized that while there were creative solutions at the bottom level from 
practitioners in the fi eld (especially current students closest to the victimizing side 
effects), these rarely if ever trickled up to the high level change agents that could 
have the power of implementation at various levels. Quick investigations into the 
backgrounds of policymakers confi rmed that these key stakeholders were lacking 
creativity and innovation in their practice because they had not been trained with a 
background of assimilating these elements into their work’s problem-solving. 
Pressing a little harder on that hypothesis, however, revealed that regardless of the 
approach that key problem-solver takes, another root of the problem remained that 
the policymaker is too far removed from the real problems happening in the class-
rooms, for example, to understand enough of the problem he is trying to solve. 

 If, hypothetically speaking, a policymaker had been trained with design thinking 
elements and was somehow closely immersed into the everyday education routine, 
would our solutions look different? This revealed another element of the triad miss-
ing: the tools to fi x the education system are still very limited and limiting to any 
new innovation. Space had to be accommodated for makers, such as engineers and 
designers, to have a chance to adapt their creative talents to the education space, too.  

3.2     Brainstorming and User Studies 

 First steps included outlining what the event would look like if we could have 
limitless resources, ideal participants, and achieved goals. This envisioning is key 
to later specifi cation checks to make sure that a mission-vision-goals statement has 
been fulfi lled to some extent that is true to its purpose. Brainstorming drew inspira-
tion from previous attempts to attack similar problems, such as the Education 
DesignShop [ 1 ]. From the feedback survey that followed, we learned that users 
wanted a more narrow scope of topics. Tools to envision the fi nal product, like a 
draft of the sessions that would occur, were useful in helping my mentors visualize 
my prospects for the fi nal event. Visionary tables like these are a good moment to 
remember the key design axiom that “Real Data is Truth” [ 4 ] and that efforts to 
include real or simulated data from the beginning will help frame a much more 
accurate picture that your brain is trying to materialize.  
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3.3     Requesting User Input 

 First rounds of presenting the brainstormed versions of the Education Designathon 
were necessary as a way of getting user input from, in this case, the professor of the 
class and the advisor that would approve and oversee the end product. A promising 
visual tool was creating a tree hierarchy of all the possible options at each node of a 
decision to be made. This gives insight into the direction of the next steps that must 
be taken and researched further. 

 To build resources and a knowledge bank of ideas and persons that could 
potentially be linked to the event, we attended the “How to Design a Course Workshop” 
at Harvard’s Graduate School of Education. There, we met another potential user. 
   Meetings with coaching fi gures were helpful in prying answers to different questions 
like the goals for a successful event and the balance between a pedagogical and 
competitive event.  

3.4     Prototyping: A Refi nement of Brainstorming 

 In the case of this intangible product formation, a proposal for an event, prototyping 
often meant writing out the format and content of the event in various forms. Each 
set of questions required thinking of a different set of details, thus revealing new 
connections and interrelations. Perhaps most helpful to the exercise of answering 
different questionnaires is the iteration portion of answering each question as if it 
were the fi rst time considered. Without copy-pasting from previous answer sets, a 
trend in the development and growth of the product can be tracked over time. Other 
useful tools while prototyping iterations were making timeline goals of the upcom-
ing steps in the development of the product. This exercise is most helpful in identi-
fying what key decisions and actions need to be made from your status to the 
envisioned fi nal product, as well as compiling a list of the resources available along 
the journey.  

3.5     Requesting User Input 

 Almost every time design decisions are made, the user should be brought in for 
some feedback. At this stage, we created a survey that would be sent out two types 
of people: potential users and potential expert mentors that spend a lot of time think-
ing about these issues already. While there are many ways to gather widescale feed-
back, in this case, open-ended questions with many options were a better approach 
over a binary- or multiple-choice questionnaire.  
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3.6     Iterative Prototyping with Key Risks 

 I used these survey results to make some formatting decisions and to inform myself 
of what topics interested potential users. We took their advice of making a list of 
specifi c roles and duties for the persons that would have to be involved in order to 
pull off this kind of event. We used the feedback to fl ag new key risks that would 
determine the success of the event, including how to really engage the underrepre-
sented and most critical group, policymakers, in a techy event.  

3.7     User Feedback 

 For the next iteration of the feedback, we created a refi ned event proposal that 
would be shown to different parties for their feedback (sponsors, student partici-
pants, and mentors). We attended the Students for Education Reform (SFER) 
State Summit and led a session where these potential users were allowed to share 
their impressions and critiques of the proposal. The key to user feedback is that 
the more involved in the development of your product a person is, the more likely 
they are to jump on board and attend or advocate for the product. The summit also 
opened pathways to future meetings with Massachusetts Representative Jeffrey 
Sanchez and Massachusetts Secretary of Education Matthew Malone to leverage 
potential resources between their offi ce and my event. These comments from user 
feedback sessions were later used to create a tighter value proposition for sponsor 
recruitment.   

4     Conclusive Thoughts on Design Thinking Challenges 

 There is vast opportunity to applying design thinking as a driving approach to fi xing 
the education system. Elements of this framework will inherently excite end users 
since they have been consulted from the beginning; iteration of prototypes will 
weed out the bad ideas early on. Most importantly, thorough problem identifi cation 
and brainstorming will open new pathways and solutions that will, theoretically, 
take more accurate stabs at the root of a problem.     
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    Abstract     Engineering graduates    should have good critical and logical thinking. 
Apart from having book knowledge, the student should be able to solve present 
engineering problems keeping in mind the impact of it towards global, economic, 
and environment aspects. The traditional teaching methodology, being teacher cen-
tered with passive students, using blackboard and audiovisual presentations will not 
impart the skills required for a professional student. To impart self-learning and 
inquiry-based learning abilities which help students in lifelong learning process, 
changing the teaching methodologies and evaluating system is required. This paper 
presents the modern teaching-learning methodology based on activity-based 
inquiry-guided learning (IGL). It also elevates the results of its implementation as a 
case study. IGL is more student centered and gives more focus on learning rather 
than teaching. Along with the steps involved in designing activities, the assessment 
methods used are covered here. The IGL methodology which is student centered 
when integrated into curriculum promotes process skills, peer communication, criti-
cal thinking, student-teacher relationships, lifelong learning, and responsibility for 
one’s own learning.  

  Keywords     Inquiry-guided learning (IGL)   •   Active learning   •   Student-centered 
learning  
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1         Introduction 

 The conventional teaching and learning process is teacher centered, and students are 
more passive. In modern education where more and better resources are available, 
the student-centered teaching and learning become more appealing [ 1 ,  2 ,  9 ]. This 
paper describes how inquiry-guided learning (IGL) can be used to overcome the 
pitfalls of conventional learning. IGL promotes various diverse learning styles and 
introduces different sources of learning to students. Further IGL helps students to 
progress through the recall of information to higher order of thinking such as under-
standing, applying, analyzing, evaluating, and creating. 

 The outcomes and assessment from the project “Inquiry-guided learning (IGL) 
in Computer Science (CS),” especially in ITCS 1002 Data Structures using C++, a 
course focused on object-oriented programming and basic data structures at the 
Department of Information Technology at V.R. Siddhartha Engineering College, 
India, are used as input for this paper. The maximum class    strength being 36, this 
course has access to students with different knowledge levels in different disciplines 
such as vocational diploma and bachelor’s/master’s degree in mathematics, physics, 
and electronics. 

 Thus, IGL and related approaches have strong potential in CS, since they encour-
age students to interact with and understand the content rather than just try to 
 memorize everything. IGL helps students to develop problem-solving and team-
work skills and also encourages students to collaborate and learn from each other 
rather than focus on an instructor [ 3 ]. IGL improves student attitudes and develops 
thinking and writing skills; that is why it is recommended as a teaching method to 
improve learning. However, few effective IGL activities exist for CS; thus, the fac-
ulty need to invest time and effort to develop or adapt them. 

 The procedures followed in implementing this project are explained in Sect.  2 . 
Section  3  gives a detailed view on how to develop an activity. The outcome assess-
ment and the student feedback are given in Sect.  4 . The conclusions and future 
directions are given in Sect.  5 .  

2      Procedures and Material 

 The project set out to develop a set of IGL activities and evaluate their effectiveness 
compared to traditional approaches to teaching and learning. 

 The logical fl ow of the procedures can be shown as a swim lane diagram. It con-
sists of 3 major sets of tasks which are differentiated as tasks before the activity, dur-
ing the activity, and after the activity. Each set consists of 3 major tasks as shown in 
Fig.  1 .

B.S. Yalamanchili et al.



299

2.1       Tasks Before and During Activity 

    The very fi rst step in the entire IGL activity is to initiate the process, that is, to 
develop the tasks to be done. The facilitator has a key role in developing the 
activities. The team of authors cultivated a great and opening experience with 
IGL. After the tasks are prepared, the next step is the formation of groups to 
apply IGL activity. It has a greater impact in the performance outcome. The main 
criterion followed is that not all the students within a group are good in skills or 
average in skills or weak in skills. Instead, we have taken a combination of the 
students with difference in their skills. Each student in the group is given a 
specifi c role such as recorder, speaker, manager, and presenter. Tasks During 
Activity    

 Before starting the activity, the facilitator will give an oral introduction about 
the topic chosen. In the project, we have used focus question-based concept to give 
the overview of the topic. Every concept map responds to a focus question, and a 
good focus question can lead to a much richer concept map [ 4 ,  5 ]. The student is 
motivated by the focus question and has to complete the task in the class time of 
120 min.  

  Fig. 1    Procedure in developing the IGL activity       
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2.2     Tasks After Activity 

 After completion of the task, each group needs to present the work done. Finally, 
every task is concluded by the evaluation [ 6 ,  7 ]. Once all the questions have been 
presented and defended, students should use the IGL activity as notes for the course. 
We emphasize to students that IGLs are excellent study materials to use in preparing 
for end-unit assessments [ 8 ]. Such IGL activities are conducted for every key con-
cept of the course, and for the present course, 9 IGL activities are prepared and 
conducted. The formative assessment of IGL activity in this project was done in two 
ways: using rubrics and quizzes. 

 A rubric (Table  1 ) is an authentic assessment tool used to measure students’ 
work. It is a scoring guide that seeks to evaluate a student’s performance based on 
the sum of a full range of criteria rather than a single numerical score [ 6 ,  7 ].

3          Activity Development 

 In this section, we briefl y present the steps necessary to build the activity for a single 
concept. A sample skeleton of the activity and list of activities developed and evalu-
ated for the ITCS 1002 course along with the evaluation rubric used is presented in 
this section. 

 In order to develop the activity, we identify and select the appropriate model for 
the concept. Model is an important tool in teaching-learning process to create an 
environment for interactive student engagement and learn quantitative skills such as 
graphical analysis and visualization [ 4 ,  5 ,  8 ]. In    the present IGL approach, develop-
ing models to understand the concepts is fundamental, and these models are used to 
develop subtask section in the skeleton of the activity [ 9 ]. One such model used for 
searching concept is shown in Table  2 . The model used can be a game, fi gure, prob-
lem, etc. The skeleton of the activity sheet is shown in Table  3 .

    Table 1    Rubric for evaluating IGL: an assessment tool   

 Specifi c criteria 

 Rating  Comments  1 poor  2 satisfactory  3 good  4 very good  5 exemplary 

 Comprehensively synthesizes process-oriented programming 
and object-oriented programming 

  /5  

 Performance in matching activity   /5  
 Comprehensively synthesizes applications and difference 

between POP and OOP 
  /5  

 Performance in home assignment   /5  
 Begins with summary of the activity, ends with summary of questions   /5  
 Neatness of the work, organization, and clarity in providing 

the required information 
  /5  

  Total rating and overall comments    /30  
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   Table 2    Sample model for searching concept IGL   

  Hi-Lo is a number guessing game with simple rules  
 (a) There are two players – A and B 
 (b) Player A thinks of a number from 1 to 100 
 (c) Player B guesses a number 
 (d) Player A responds with “too high,” “too low,” or “you win” 
 (e) Players B and A continue to guess and respond until B wins (or gives up) 
  Describe 4–5 different strategies that Player B could use to guess numbers  

(try to have a mixture of simple and clever strategies) 

  Table 3    Skelton of activity sheet   Contents  Page number 

 Facilitator information 
 Learning objectives 
 Activity notes 
 Things to do 
 Activity history 
 Introduction/model 
 Subtask 1 (X min) 
 Subtask  n (X min) 
 Resources 
 Home assignment 
 Evaluation of the task: rubric 

4          Outcome Assessment 

 The outcome assessment is done in direct and indirect methods. In direct method, 
the student’s activity sheets, presentation, and the end examination are considered. 
In the indirect method, students were posed with the survey questions and given an 
option to drop their comments in a box on their experiences with IGL. Indirect 
assessment method is conducted at the middle of the course and at the end of the 
course. Student participation in the surveys is observed to be more than 80 %. The 
schematic representation of entire outcome assessment is shown in Fig.  2 .

4.1       Indirect Assessment 

4.1.1     Student Feedback 

 As a part of indirect assessment, we have taken feedback from students. The 
responses included several recurring themes and recommendations, summarized in 
Table  4 .
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4.1.2        Survey-Based Assessment 

 Apart from the comment-based feedback, we have conducted a survey at the end of 
the course to analyze the impact of all IGL activities; students had three choices 
(agree, neutral, disagree) to respond to four questions. Figure  3  shows the response 
distributions.

  Fig. 2    Schematic representation of the entire outcome assessment       

   Table 4    Student feedback   

  Activities increase student interest 
and confi dence  

  Teammates can improve each other’s 
understanding  

 By these discussions we got 
more interest 

 Clubbing their ideas gives more views 
on the concept 

 We got the confi dence of solving 
complex problems 

 Different views and different pros and cons 
are touched by the group discussions 

 I used to have an inhibition before doing 
something like “what if I can’t do this” 

 I can feel that I can learn and I can do things 

  Activities increase 
communication skills  

  Activities increase knowledge 
and understanding  

 Soft skills and communication skills 
are going to be increased 

    Discussion of concepts is intensive 
so we gain more knowledge 

 Also improving our interactive 
skills 

 It improves the thinking levels beyond 
the textbooks 

 Improve communication skills  We got some knowledge when compared 
to previous learning 

 Ability to speak freely to professor or student 
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  Fig. 3    Student survey results       

4.2         Direct Assessment 

 The direct assessment of the student’s performance is measured continuously 
through their activities and with a semester-end examination. 

4.2.1     Formative/Continuous Assessment 

 The continuous assessment is done mainly based on the activity end evaluation 
rubric [ 10 ]. Rubrics    are developed for the present IGL activity to assess student 
performance by clearly indicating the two criteria’s like specifi c to the concept and 
 general skills with their ratings for total 20 marks, as shown in Table  1 .  

4.2.2     Summative/Semester-End Assessment 

 The semester-end assessment is prepared to check weather students have achieved 
the course learning outcome. The results obtained from the evaluation for 4 con-
secutive years and the respective average result in the form of pie diagram is shown 
in Fig.  4 . The results obtained by the continuous assessment and semester-end 
assessment appeared almost similar.

5           Conclusion and Future Directions 

 Inquiry-guided learning (IGL) is based on learning science and has a proven track 
record in other disciplines. By this different teaching idea, the students as well as 
facilitators are well benefi ted. IGL classrooms are very different from lecture-based 
classrooms, but given the effectiveness of IGL and other forms of active learning, 
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the faculty should become familiar with such approaches. Student-centered learning 
integrated into curriculum promotes peer communication, builds student-teacher 
relationships, strengthens student motivation, and promotes responsibility for one’s 
own learning. 

 Our plans for the future include replication of the experiment with other group of 
students and other courses. Developing course content for computing subjects like 
data structures, C language, and JAVA in the IGL model is one of our major goals. 
Finally, this project aims to develop and revise more IGL activities and extend and 
adapt them for courses and faculty at other institutions.     
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    Abstract     A major concern in engineering education pertains to design fi xation, 
which hinders the conception of novel ideas. The term design fi xation refers to the 
designer’s reluctance (or inability, in some cases) to consider multiple strategies to 
formulate and solve a design need. The design fi xation phenomenon severely limits 
creativity and results in pedestrian design solutions. The primary objective of this 
paper is to correlate the effect of the Indian engineering education with the extent 
of design fi xation in the engineering students of different disciplines. This work 
provides a deeper understanding of the design fi xation phenomenon by establishing 
a conceptual framework for the design process based on the theories of knowledge 
representation in cognitive science. It can provide crucial insights that will help 
students to overcome the adverse effects of fi xation.  

  Keywords     Design fi xation   •   Engineering education   •   Cognitive science   
•   Conceptual design  
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1         Introduction 

 According to Hershberger [ 1 ], “Everything that is absorbed and registered in your 
mind adds to the collection of ideas stored in the memory: a sort of library that you 
can consult whenever a problem arises. So, essentially the more you have seen, 
experienced, and absorbed, the more points of reference you will have.” This quote 
is true in the fi eld of engineering design, where the fi eld has changed from a 
design- scratch to a design-through-synthesis mindset, where designers transform, 
combine, or adapt elements of previous or existing designs to synthesize novel 
concepts [ 2 ,  3 ]. However, the use of previous designs can adversely impact the 
design process in the form of design fi xation [ 4 ], a potentially limiting adherence to 
existing designs. The information that designers “absorb and register” in their mind 
has the potential to fi xate them during the design process and result in lack of inno-
vation. As the innovation is key to success in this economy, it is imperative that we 
learn to effectively manage design fi xation. The fi rst step in managing fi xation is 
understanding how different activities affect design fi xation during the design pro-
cess. It is noted in the literature that fi xation occurs across different levels of exper-
tise [ 5 ] and contexts [ 6 ]. The understanding can lead to development of effective 
product development methods and teaching methods to reduce fi xation effects. The 
analysis reported in this paper gives the effects of design fi xation in Indian engi-
neering students both seniors and freshmen. This report also provides evidences for 
design fi xation and its effects on Indian Engineering Curriculum.  

2     Literature Review 

 The fi eld of design has explored many formal and heuristic approaches to design 
refi nement, manufacturing, generation, and computation [ 7 – 9 ]. The descriptive 
methods research in design characterizes the natural thought process followed by 
humans in solving a design task. Therefore, it is an application of principles of 
cognitive psychology, to design. The descriptive research involves understanding 
how the designers perceive the problems and the supportive statements, fi nd (creative) 
solutions, evaluate designs, and make decisions. 

 In this fi eld, researchers vigorously pursued cognitive-based design fi xation 
research and abstractly defi ned as barriers to solution based on real and perceived 
constraints [ 4 ,  10 ,  11 ]. 

 Dahl and Moreau [ 12 ] demonstrated that subjects exposed to within-domain 
examples employed fewer out-of-domain analogies in generating solutions and that 
the originality of the solutions produced increased relatively when subjects were 
encouraged to use analogies extensively and given no example solutions. Marsh 
et al. [ 13 ] found that within-domain examples caused subjects to be biased toward 
generating solutions with similar features to those found in the examples. A com-
mon and often commented upon form of fi xation is premature commitment to a 
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particular problem solution. Consequently, the designers stop pursuing the search 
for alternative solutions. This premature commitment thus results in fewer solu-
tions. These fi ndings establish that any experiment with exposure to a within- 
domain example prior to ideation can cause fi xation. The fi xation is manifest in the 
form of fewer solutions and the appearance of features from the examples in the 
solutions [ 14 ].  

3     Measuring Design Fixation 

 Design fi xation is the designers’ reluctance to consider multiple strategies to 
formulate and solve a design problem. The goal of the experiment is to evaluate 
the effects of fi xation on senior academic engineering students and engineering 
freshmen. To answer this research issue, three cognitive skills, viz., fl uency, fl exibility, 
and originality, and three design parameters, viz., meeting the intent, simplicity, and 
user- friendly, are identifi ed and are measured from the drawings given by the partici-
pants to the design task. The metric for various parameters is given in Table  1 .

   The participants were divided into two groups – a fi xation group where the par-
ticipants were exposed to an example design solution and a control group to whom 
only a problem statement is given without any example solution. Control group is 
used to establish the baseline. 

3.1     Design Task 

 Participants in both groups were presented the design task of “design a toy for a 
blind child of age group 3 to 7 years.” The design task is a real existing problem. 
Participants were provided a paper, pen, pencil, and eraser to sketch their designs. 
They worked on the design task individually, not in teams. Participants had 45 min 
to generate as many ideas as possible. After the completion of the task, participants 
were given 30 min to answer a questionnaire to help analyze their perceptions. 

 The toy for blind child problem puts most participants in the familiar domain of 
toys and unfamiliar domain of blindness. While the task requires minimal technical 
knowledge (application of scientifi c and mathematical principles), it uses the design 

   Table 1    Metrics for measuring design fi xation skills   

 Cognitive skill  Defi nition  Metric 

 Fluency  Ability to generate many solutions consistently  Quantity of ideas generated 
 Flexibility  Ability to explore design space in many 

directions 
 Variety of ideas generated 

 Originality  Ability to generate unexpected solutions; 
think out of box 

 Originality of ideas generated 
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skill set such as understanding the need and synthesizing alternative solutions which 
is common to creative problem solving in many domains. The task engages by pro-
viding autonomy, mastery, and purpose. Participants can design their solutions that 
refl ect their values, views, and interests (autonomy); show creativity (mastery); and 
cherish results (purpose). Hence, the design has the intrinsic motivation for engage-
ment. A diverse set of available solutions can satisfy the task. 

 The participants are told that the goal of the experiment is to generate as many 
solutions to the design problem as possible, where a prize will be given to partici-
pants with the greatest number of solutions. This prize is an extrinsic motivation for 
participants to devote serious effort to the design activity.  

3.2     Control Group 

 Participants in the control group are provided with the design problem. They are not 
provided with any example solution or alternative representation of the design 
problem. A set of 150 engineering students is taken to conduct the task as shown in 
Table  2 . Of them 75 are into the control group and the remaining into the fi xation 
group.

3.3        Fixation Group 

 Participants in the fi xation group are given the design task and a model solution as 
shown in Fig.  1 . The solution is a colored piano, which highlights its features and 
parts and a short note stating: “This toy is enabled with braille for ease of use for a 
blind child. It is enabled with record and playback features which are fulfi lled using 
microphone and speakers.”

   This solution is focused on the hearing and sensing aids, which are fulfi lled using 
microphone, speakers, and braille on the keys of the musical instrument.  

   Table 2    Number of participants representing different majors   

 Major 

 Control group  Fixation group 

 Male  Female  Male  Female 

 Mechanical engineering  8  6  8  7 
 Civil engineering  8  6  6  8 
 Electrical and electronics engineering  7  8  6  8 
 Electronics and communications engineering  7  6  7  7 
 Computer science engineering  5  6  6  5 
 Information technology  3  5  4  3 
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3.4     Hypothesis 

3.4.1     Hypothesis 1 

    Academic engineering freshmen are considered to show less evidences of design 
fi xation and are likely to conceive more novel concepts. They exhibit less fi xation 
compared to senior students. 

 It is expected that the creative problem-solving intelligence is highly active with 
less signs of fi xation in freshmen students when compared to senior engineering 
students. There will not be any infl uence of curriculum and teaching pedagogy on 
engineering freshmen.  

3.4.2     Hypothesis 2 

 Academic engineering students from mechanical trade can implement greater 
analogies and produce solutions with more design fl exibility. 

 Design fl exibility is an important skill in the context of product design. Designers 
with high design fl exibility are open to acquiring the information and using it to 
adapt refi ne designs. They generate alternative solutions using the information and 
quickly evolve their designs. 

 To relate the given instructions and also prior design knowledge of putting them 
together to solve a problem is comparatively more intense and effi cient in mechanical 
engineering students than in other trades. This is because mechanical engineering 

This toy is enabled with braille for case of use for a blind child.
It is enabled with Record and Playback features which is fulfilled using mike and speakers..

ACTION KEYS

MIC

VOLUME

ON/OFF

SPEAKERS

  Fig. 1    Solution provided to the fi xation group       

 

Measuring the Impact of Design Fixation on Indian Engineering Students



312

students are taught design-related approaches in their majors unlike other circuit 
trades such as electrical, electronics, and computer sciences. Thus, mechanical 
engineering students are exhibiting more design fl exibility than students from other 
trades/branches of engineering.    

4     Results and Discussion 

 Data from the design solutions and questionnaires is collected together, and a few 
important conclusions have been made in concurrence with the metrics of the exper-
iment. Average scores of cognitive skills earned by students are shown in Fig.  2 .

   Following are the few results of the analysis:

•    Academic freshmen designs are more original than those of senior engineer-
ing student whose designs are less fl uent and fl exible which supports our 
hypothesis 1.  

•   Designs of mechanical engineering students are far more fl uent, fl exible, and 
original than those of senior engineering students, supporting hypothesis 2.  

•   Senior students are more familiar with the design task given to them than fresh-
men students. Apart from the graphical representation, this result can also be 
supported by the analytical conclusion from the above statements, which show 
that as students are being aware of problems in the society, they start thinking 
analytically to solve them and thus were aware of the task given to them to some 
extent.  

•   The average scores earned by freshmen and seniors of both control and fi xation 
groups based on the design parameters are shown in Table  3 . It is evident from 
the results that freshmen show better overall performance than seniors in fulfi ll-
ing the design parameters.
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      Few more following observations were made by analyzing the questionnaire:

•    Freshmen fi xated group are highly infl uenced by the instructions given to them 
in the form of an example solution compared to the control group where there 
was no example solution provided. Comparing with the fi xated group of fresh-
men students, seniors are less infl uenced by the instructions given to them.  

•   On average freshmen students feel that the assignment is moderately diffi cult 
(around 3.5 on 5) both in fi xated and control groups. The same relative pattern is 
also followed in senior students. There is no difference in the mean rate of diffi -
culty level in both senior and freshmen students.  

•   On average freshmen students felt their work to be highly creative giving 4.5 as 
the mean rating, and senior students both fi xated and control together on an 
average rated 3.5 on 5.  

•   Freshmen students have rated their own performance and quality in the design 
task as 4 on 5 on an average. Senior engineering students have rated their perfor-
mance in the task as 3.5 on 5 on the whole.     

5     Conclusion 

 The experimental results show that freshmen engineering students exhibit fewer 
signs of fi xation compared to seniors. These results highlight an immediate need for 
modifying the teaching paradigm for engineering education to increase the empha-
sis on innovation and creativity in the curriculum to keep the students competitive 
in the global economy. 

 The results also show differences in the level of fi xation based on the discipline 
and identify mechanical engineering students are exhibiting more fl exibility. 

 The paper also recommends that engineering faculty be conscious of fi xation and 
its adverse effects and educate students. In the long run, as educators, we must 
refl ect and reformulate the curriculum to balance fundamental understanding with 
the need to foster creative thinking skills so that the next generation designers not 
only analyze designs but also synthesize innovative solutions.     

  Acknowledgements   The authors would like to acknowledge the support of the Department of 
Science and Technology, New Delhi, under Grant No: SR/CSI/130/2011(G) to carry out the 
present research.  

   Table 3    Average design parameter scores   

 Freshmen  Senior 
 Freshmen 
control 

 Senior 
control 

 Freshmen 
fi xation 

 Senior 
fi xation 

 Meeting the intent  0.764  0.690  0.885  0.750  0.655  0.628 
 Simplicity  0.964  0.678  0.962  0.773  0.581  0.966 
 User-friendly  0.855  0.678  0.760  0.750  0.931  0.605 
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    Abstract     We propose a prepare, present, and publish (PPP) paradigm for online 
education in engineering colleges. We comprehensively survey various cost- effective 
avenues for digitizing and disseminating E-learning material based on the learners 
feedback. Most of these methods were implemented online and were evaluated based 
on survey polls and the learner’s feedback. Since it is a diffi cult proposition for all 
engineering colleges to adopt a common method owing to their demographic, eco-
nomic, and social differences, we analyze the strategies on factors such as the com-
plexity and privacy. These online teaching strategies help a teacher save his valuable 
time by incrementally adding and revising his content, which allows him to recollect 
a previously taught course and gives him a larger scope for learning newer courses. 
In a student’s perspective, learning becomes easier, particularly in case one is not 
very comfortable with the teacher’s accent or has not completely understood or 
missed out on a particular topic, for instance.  

  Keywords     PPP   •   E-learning   •   Online education  

1         Introduction: Online Education, Advantages 
and Challenges 

 In the digital era, active teaching and learning using Internet and innovative techniques 
is slowly but surely taking over the conventional chalk and board system of education. 
For an experienced teacher, the plethora of tools allow quality content to be developed 
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in a short time and open sourced or distributed for a nominal amount to meet his efforts, 
whereas for a young, fresh teacher, they allow him to evaluate himself and correct 
himself for continuous improvement. Choosing effective tools to prepare or create, 
present, and publish or host (PPP) facilitates the entire digitization process for online 
teaching. Recent technological advances like videos, podcasts, wikis, and blogs and 
discussion forums can also help personalize the discipline and improve student’s inter-
action with the teacher enabling them to see him as an individual who cares about their 
learning and success [ 1 ]. There are many ways to foster student engagement with fac-
ulty, peers, and content utilization in an online environment. Judicious and strategic use 
of humor, for instance, is an effective strategy instructors might employ to make their 
course content more interesting and enthralling to online students [ 2 ].

   However, challenges still exist such as “which is the best online tool to teach a 
course” and assessment of student learning online. Moreover, required resources for 
the chosen online teaching strategy are a serious consideration. In spite of the chal-
lenges associated with online learning, online learning enrollments in advanced 
nations like the USA continue to grow at a much faster rate than overall enrollments 
in higher education, and nearly 30 % of US college and university students are now 
taking at least one online course [ 3 ]. It was predicted that this surge will not 
deplete but rather increase further owing to such factors as higher fuel costs, which 
make learning from home advantageous and practical (Allen & Seamen, 2008). 

  Table 1    Tools for online education – a comprehensive survey   

 S.No.  Tool  Online?  Live/recorded  Advantages  Drawbacks 

 1.  PowerPoint 
with 
animations 

 No  Live (classroom)/
recorded 
narrations 
and animations 

 Small size  Needs a presenter 
 Simple to install 

and set up 

 2.  Webinars  Yes  Live presentations, 
desktop sharing 

 Interactive  Presenter not 
visible, some 
issues with audio 

 3.  Skype  Yes  Live presentations, 
desktop sharing 

 Interactive  Issues with video, 
audio for 
increasing users 

 4.  VLC media 
player 

 Yes  Live video 
streaming, 
desktop sharing 

 Simple to install 
and set up 

 Issues with video, 
audio for 
increasing users 

 5.  Vimeo video 
hosting 

 Yes  Recorded videos  Easy to upload HD 
videos 

 User needs to sign 
up 

 6.  YouTube 
video 
hosting 

 Yes  Recorded videos  Easy to upload videos 
using existing 
Gmail IDs 

 Video access modes 
may effect 
popularity 

 7.  LENSOO 
video 
hosting 

 Yes  Recorded videos/
courseware 

 Easy to upload and 
market videos and 
courseware 

 No support for 
uploading 
PowerPoint with 
narration 
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We present some of the tools that help a teacher better plan, prepare, organize, and 
disseminate his course content to students, promoting a congenial learning environ-
ment that caters to different learning styles.  

2     Tools for Online Education 

2.1     Creating Intuitive and Interactive Presentations 

 It is important for online and distance learning faculty to select strategies that 
are most appropriate for the intended outcomes of the course [ 4 ]. High-quality 
presentations are an important vehicle in making even the toughest of courses 
interesting and enjoyable for a learner. In particular, for courses that have a lot 
of logical explanation or theory, a simple diagram or a simulation would 
greatly help simplify things. The following are some of the tools for creating 
high-quality material. 

2.1.1     PowerPoint with Audio and Animations 

 All versions of Microsoft PowerPoint after PowerPoint 2007 support numerous 
 animations. In the animations, several effects such as entrance, emphasis, exit, and 
motion path can be chosen while making the slides. In particular, within motion 
paths, the custom path can be effectively used to move a desired object from one end 
along a path to another. We can also assign a trigger for actions. We may specify the 
object to move along the custom path (which we can draw using free hand) by 
clicking the mouse button or a key press. MS PowerPoint also has option to 
record an entire  presentation along with audio, laser pointers, and animations. 
PowerPoint slides with audio and animations are tools that help the student recollect 
any missed out concepts and visualize sequences of actions in diagrams which are 
otherwise quite diffi cult explaining. We can take any scanned picture from a text-
book or one that is available on Internet and, with some practice using PowerPoint, 
animate parts of the diagram. The most interesting fact with MS PowerPoint is that 
animations are triggered in the sequence they are created, which may be changed 
later. All we require for recording voice is a good quality microphone. The teacher 
may also choose to record the PowerPoint presentation with voice as he is presenting 
in the class, using an inexpensive collar microphone and a wireless receiver plugged 
into his laptop. Prezi is a nice alternative to PowerPoint, though comparatively 
limited in features. Earlier, Screen-Recording Software such as Camtasia and Adobe 
Captivate were popular tools for creating audio and video recordings from 
PowerPoint presentations. PowerPoint 2010 offers an option to directly save and 
send presentation as a video.  
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  An example PowerPoint animation  

2.2          Presenting Online: Live Presentations 

 While the infl uence of online teaching/learning in improving education standards is 
unquestionable, new issues confront instructors and students. Faculty, for example, 
have a tendency to cite an increase in workload as a challenge when teaching an 
online course [ 5 ]. In fact, preparing to teach in an online format for the fi rst time 
generally requires at least 10 h of training outside of a regular teaching load according 
to Instructional Technology Council. Moreover, perception of social presence 
and interaction seems to be a concern common to both teachers and students. 
However, practices such as daily communication, periodic feedback, and 
response to inquiries will overcome these challenges, though it requires added 
commitment and responsibility on the part of the teacher. Video conferencing 
adds a new dimension of interaction and communication that was unavailable 
previously in the online learning environment [ 6 ,  7 ]. Issues that affect video con-
ferencing include cost- effectiveness, access to recorded sessions, connectivity, 
scalability, and participant interaction [ 8 – 10 ]. 

2.2.1     Webinars for Live Presentations 

 Webinars are an extremely cost-effective solution, initially meant for conducting 
online meetings for large audience without them having to relocate from their place 
of work (or even the comfort of their home for that matter). They allow the presenter 
a wide range of options including PowerPoints, uploaded YouTube videos, or even 
a simple pdf or word document. The presenter can also mute or unmute his audience 
as he provides them opportunity to interact on microphone, indicate their mood, etc. 
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Two of the most interesting features in a webinar can however be to create survey 
polls while the webinar is conducted and to record the webinar to be published later 
either on YouTube or on some other platform such as the Learn Earn Network 
Socialize (LENSOO). Most popular webinar software includes GoToMeeting, 
Citrix, and AnyMeeting. All these software are useful for lecture-style classes 
where the instructor wishes to talk while showing students PowerPoint presenta-
tions, videos, or various websites. Though they are not designed specifi cally for the 
college classroom, they can easily be adapted for that purpose. Citrix’s marketing 
material indicates that it has been used in such a setting [ 11 ], but it is diffi cult to fi nd 
any scholarly reporting on such use. AnyMeeting provides the option for unlimited 
free webinars for a maximum of 200 audiences, with the only limitation stated 
being the webinar cannot be recorded live. Webinars allow foreign experts all over 
the world to present and share their courses for a nominal fee which includes the 
presentation and content hosting charges without them having to relocate to other 
countries. The Indo US Collaboration for Engineering Education (IUCEE) has been 
one organization using webinars most effectively as a medium for knowledge dis-
semination. It has been instrumental in connecting professors in the USA with other 
professors, faculty, and students in India. 

 Interestingly, most of the issues when conducting webinars were reported to be 
related to audio, not the video or even desktop sharing feature. Frequent voice dropouts 
and noise are quite common. It justifi es the need for improving the so-called voice over 
IP technologies and integrating them with the webinar software. Another serious draw-
back with almost all webinar presentation software is that they do not allow a presenter 
to stream his videos unless he uploads them to YouTube. This is annoying because, 
while presenting, occasionally the presenter might like to stream his videos directly and 
show his audience rather than wait for long period uploading them. Moreover, the 
presenter might not always want to upload his proprietary content.  

2.2.2     Skype for Presentations 

 Yet another tool for sharing presentations and videos online using the desktop 
sharing feature is Skype where in the audio quality is an issue when sharing with a 
number of users, though the quality of video is quite good. Shared online videos 
have been and remain quite popular. They represent 53 % of the Internet’s traffi c. 
However, the rapid advancements in wireless Internet resulting in even cheaper 
bandwidth costs for wired connections make video streaming absolutely smooth 
and seemless today. VLC includes a fairly easy-to-use streaming feature that can 
stream music and videos over a local network or the Internet and supports desktop 
capture, remote desktop sharing (screen casting), broadcasting, or multicasting 
video or audio in formats such as wma, mp4, and mp3 to remote locations. Although 
VLC is extremely good as a stand-alone player, its performance when streaming 
videos (particularly those with a high frame rate such as action videos), or screen-
casting, is debatable as the number of systems connecting to the streaming server 
increases.   
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2.3     Video Hosting and Sharing 

 One solution to sustain student’s interest and to prevent unauthorized usage will be 
to host the videos periodically on a video sharing site. Mentioned below are some 
of the recent free video hosting solutions besides already popular Apple’s iTunes U. 

2.3.1     Vimeo for Video Hosting 

 Vimeo is a useful tool for uploading videos free so that one can only view videos 
without downloading. Free member gets 500 MB space/week after which his 
uploaded videos would expire. He would then be required to re-upload his videos. 
Nearly 3 h duration of video lectures in MP4 format with narrations and animations 
can be uploaded every week on Vimeo for students to make up for  lost/miscellaneous 
classes. Though this method ensures videos are not downloadable and misused, it 
would require students to sign up and create accounts in order to upload or view 
videos. Using this method, in 4 week’s time, a teacher may upload his entire course. 
He might also choose to upload more diffi cult units a number of times based on 
students’ demand.  

2.3.2    YouTube Videos for Video Hosting 

 Perhaps the most popular free video sharing option thus far is YouTube videos, 
which allow a teacher to upload and share his videos in the private, unlisted, and 
public modes. In the private mode, only users added by uploader would be granted 
access, in the unlisted mode, anyone with the link will be able to watch the videos, 
while in the public mode, any one could search for and watch the videos. The advan-
tage of the method is that both the teacher and the student need not have a separate 
account and can watch or upload videos using their Google’s Gmail account.  

2.3.3    LENSOO for Course Development and Hosting 

 Learn Earn Network Socialize (LENSOO) is yet another platform that is gaining in 
popularity. The IUCEE uses LENSOO as a medium for hosting the recorded webinars 
by US experts. LENSOO offers several options that allow users to create and upload 
their courses including quizzes and pdf and video formats. It is quite similar to 
Moodle with several more exciting features such as allowing the provider to set a 
price for his course, to allow users a sneak preview of his course content, etc. It is in 
fact a fi rst of its kind solution that combines content development and marketing at 
a go without having to do them separately. A developer can market his course right 
away after he develops it. However, support for streaming videos and uploading 
PowerPoint presentations with audio is still to be tested for success.   
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2.4     Outcomes 

 A part of course on mobile computing or students of CSE and IT, consisting of 
four units on Mobile IP Network Layer, Synchronization, Mobile Ad Hoc Networks, 
and Wireless LANs, was created using Microsoft PowerPoint 2010 with recorded 
narration and animations. Particularly for the fi rst two units (Mobile IP and 
Synchronization) involving a lot of concepts to be memorized, a lot of animations, 
diagrams, and case studies beyond textbook have been added. The presentations 
were then converted to videos in wmv format, which were compressed into mp4 
format and then uploaded to Vimeo and YouTube and were shared with 120 students. 
Videos were uploaded in private mode and links shared with the students. Students 
were asked to give thumbs up, thumbs down, or any comments and suggestions as 
feedback without any apprehensions. Before implementation of the method, students 
were critical in their feedback and were quite diffi cult to engage and deal with. 
In fact, the motive to this method is one of the students mentioning, “I am unable to 
understand when lecturers teach fast in English.” This refl ects the problems of 
students from rural engineering colleges in general. The response from students was 
overwhelming, against the one with PowerPoint without animations or voice. Some 
comments from students read “Now, I do not to have to go to my friend’s house for 
clearing doubts.” “This technology is very useful particularly for students who were 
absent for some classes.” There were nearly 90 thumbs up for Unit Mobile IP and 
30 for the Unit Synchronization, while other two units have recently been uploaded 
and comments are still awaited. There have been fi ve comments, very positive for 
the fi rst two units. There were not even single thumbs down or a negative remark by 
any of the students, indicating they all like the material. 

 A test webinar was conducted with thirty students of different percentage groups 
on the topic Mobile IP. AnyMeeting software was chosen to conduct a 1 h presenta-
tion. Except for three students for which uplink quality has been reported as A and 
downlink as A+, for the rest, these were reported as B or lesser. This is due to the 
fact that most of these students were attending the webinar from rural locations and 
the Internet speeds for these users are less than 2 Mbps. Twenty-eight students could 
see presentations without problems; however, many of them faced issues with audio 
reception and desktop sharing. Interestingly though the webinar was tested on a 
16 Mbps leased line within the college, there were still some issues with audio; 
however, presentation and desktop sharing worked extremely well.   

3     Conclusion 

 Though several tools are available today that make developing and sharing course 
material much easier, whether presenting online is as effective as teaching live in a 
classroom is still a topic of debate. The approach of traditional teaching followed by 
uploading content is the solution that works best in sustaining the interest and 
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improving results of students. A teacher would be appreciated and widely followed 
if he adapts different styles of teaching using different tools. A teacher could con-
duct few webinars for add-on topics in one semester, while in another he could 
conduct a Skype conference with his students. He can use tools like Facebook, 
Twitter, or Google Hangouts for improving his interaction with students. Major 
challenge though is how to create an enabling environment for such teaching- 
learning techniques to be successful in a rural backdrop since students in rural engi-
neering colleges typically need much motivation and preparation for setting up and 
persisting with the changing teaching methodologies, in spite of technological 
advances. Other challenges are the motivation levels of teachers themselves in pre-
paring additionally to contribute to such enhancements.     
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    Abstract     Meaningful learning is often regarded as the ultimate learning status for 
a learner, regardless of the learning environment. Digital signal processing (DSP) is 
a core paper for students of Electronics and Communication. Unlike other subjects, 
DSP is considered to be a tough subject by students. In this paper, we provide sugges-
tions for instructors and designers so that they can promote the quality of learning. 
This paper was inspired by various research outcomes in pedagogical teaching 
methods with respect to digital signal processing in which many researchers have 
discussed on ways to improve a classroom environment. Those ideas are discussed 
in this paper and then supplemented with general advice and specifi c suggestions 
from the experience of the faculties who handle digital signal processing for quite 
some time.  

  Keywords     DSP   •   PBL   •   Pedagogical learning   •   Simulation software’s and mini 
projects  

1         Introduction 

 Digital signal processing has been a major specialty foundation course in the fi eld 
of Electronics and Communication. This makes it vital that Communication 
Engineering students have a good understanding of the fundamentals of the subject 
and a practical appreciation of the possibilities it offers. This subject has a great 
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scope in Electronics fi eld, but it is still considered as one of the toughest subjects in 
engineering. DSP is popularly known among students as “Degree Stopping Paper” 
due to many reasons. The performance of students also varies between departments. 
For example, Electronics and Communication students will fi nd it easier than other 
department students as they are fundamentally better than others. Students of 
Information Technology, Computer Science, and Electrical Engineering will fi nd it 
quiet challenging compared with Electronics students. In this paper, we analyze the 
root cause of this problem, and we also suggest remedial steps based on various 
comparison studies between several colleges under Anna University, Chennai. 
When this subject is offered by ample number of universities across the globe, we 
take Anna University, Chennai, as a case study, and we are going to analyze the 
results, teaching methodologies, and problems with the existing system, and we also 
propose some innovative techniques to teach this subject in a much better manner. 
We also investigate whether problem-based learning (PBL) in combination with a 
lecture-based teaching style is able to enhance the learning outcomes of an intro-
ductory core course in digital signal processing. This paper reports on a pilot peda-
gogical project that combined for the fi rst time problem-based learning with a 
lecture-based instructional style in digital signal processing. It is important to mention 
that our implementation of problem-based learning is different from the experiential 
learning, or the learning-by-doing approach that is usually implemented in engi-
neering classes via laboratory assignments [ 1 – 3 ]. The problems to be solved in such 
assignments are specifi ed in closed form by the course instructor, and they follow 
closely the theoretical content of the lectures [ 4 – 7 ] explains such concepts briefl y. 
Our initiative aimed at providing a framework for solving multimedia-related DSP 
problems, where students were encouraged to formulate their own problems.

2        Digital Signal Processing 

 Digital signal processing can be explained simply as mathematical manipulation of 
real-world signals like voice, audio, video, temperature, pressure, or position that have 
been digitized. DSP applications include audio and speech signal processing, sonar 
and radar signal processing, sensor array processing, spectral estimation, statistical 
signal processing, digital image processing, signal processing for communications, 
control of systems, biomedical signal processing, seismic data processing, etc. DSP 
algorithms have long been run on standard computers, as well as on specialized pro-
cessors called digital signal processor and on purpose-built hardware such as applica-
tion-specifi c integrated circuit (ASICs). The hardware device where this DSP process 
takes place is called as DSP processor. A DSP contains some components like pro-
gram memory, data memory, compute engine, and input/output. 

 Program memory stores the programs the DSP will use to process data. Data 
memory stores the information to be processed. Compute engine performs the math 
processing, accessing the program from the program memory and the data from the 
data memory. Input/output serves a range of functions to connect to the outside 
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world. Figure  1  shows a simple DSP process happening in an audio player. The ana-
log input data is fed inside the player using a microphone (recording), and the analog 
signals are sent to the ADC which converts the analog signals into digital format, and 
the digitized signals are fed into the DSP processor for further processing and then 
later they are stored in the memory. The reverse process of the above takes place to 
play that audio fi le from the memory. The DSP would perform other functions such 
as volume control, equalization and user interface, etc. Processing signals digitally 
provides the advantages of high speed and accuracy. 

2.1     Learning Materials Followed Currently in DSP 

 As we are dealing with the syllabus of Anna University, Chennai, we take into 
account the structure of syllabus under Regulations 2004, 2008, 2009, and 2012. 
However, the Regulation 2013 is currently followed in all the engineering streams. 
We consider 4 departments for our study; they are Electronics and Communication, 
Electrical and Electronics, Computer Science, and Information Technology. 

 The subject has been widely divided into 5 units under these four streams. As we 
all know that DSP is 90 % mathematical oriented subject, fi nding a theory part 
would be rare. Most of the syllabus deals with derivations and other mathematical 
functions. We may have an assumption that students who are good at mathematics 
will excel in DSP, but it is a contrary. Most of the derivative and mathematical part 
included in the syllabus are complex compared with regular algebraic mathematics. 
These also include differentiation and integration of logarithmic and trigonometric 
functions. But deriving them using fi lter functions and window functions and under-
standing their terminologies differentiate DSP from other complex mathematics. 
Our initial fi ndings with DSP are that students of ECE were performing much better 
than CSE, IT, and EEE. One of the major reasons is that Electronics students were 
strong in the basics of DSP, and they also had a paper called “Signals and Systems” 
prior to DSP which cover the fundamentals of DSP, and it also gives a clear picture 
about various concepts proposed in DSP. Unfortunately this subject was not a part 
of the syllabus for CSE and EEE. Henceforth these students found it challenging 
compared with students of Electronics and Communication.  

  Fig. 1    A simple DSP process in an audio player       
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2.2     Result Analysis 

 The major reason for this paper is to increase the results of DSP. We have taken the 
results of various colleges into consideration, and we perform a detailed analysis of 
the same. Since the proposed paper is about syllabus followed by Anna University, 
Chennai, we consider the results of several colleges under Anna University, Chennai. 
For our pilot study, we randomly selected three engineering colleges from Chennai 
and analyzed their performance in their semester exams. We considered Veltech 
Multitech College, Veltech Hightech College, and S.A. Engineering College from 
Avadi. A total of 360 students handled by 6 different faculty members were taken 
into consideration. The overall analysis was found as below (Figs.  2  and  3 ).

    The results of these colleges were based on the semester exams of the academic 
year 2010–2011, 2011–2012, and 2012–2013. The revaluation results were also con-
sidered. The general observation we could get from these analysis is that the results 
of ECE and EEE students were much better than CSE and IT. Another observation 
is that the results were comparatively higher when the same faculty member handles 
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the subject in consecutive years. The subject was divided into 5 units. It was found 
that 3 cycle tests were conducted and students were asked to submit 3 assignments. 
Finally a model test consolidating all 5 units was also conducted. The mark in the 
semester exam was split up as 20 + 80. Twenty marks were awarded as  internals 
based on their performances in the abovementioned tests, and 80 marks were 
extracted from the end semester exams. The end semester exam was for 100 marks 
and it will be converted to 80 marks and the 20 marks are the rest of the marks from 
cycle tests and model tests. It was found that the teaching level was slightly above 
average and most of the faculties were ME degree holders and only a few were doc-
torates. Compared with other subjects, the overall passing percentage of DSP was 
found to be low and there was a huge difference.  

2.3     Feedback from Students and Faculties 

 We collected feedbacks from students regarding their performance in exams as well 
as about the subject and the faculties. Pilot study samples of students were 3 above 
average, 3 average, and 2 below average. Students gave genuine feedbacks about the 
subject and the faculties. Most of the students commented that they could not under-
stand the concepts properly. When the faculty tendency was analyzed, most of the 
students felt that the faculties were teaching the subject based on questions asked in 
previous year exams and their teaching was not satisfactory (Fig.  4 ).

   If teaching is marks oriented, then obviously the results should be better, but in 
our case the marks are low. This is a contradiction. The reason is that most of the 
current teaching techniques are marks oriented, in the sense the faculties would col-
lect several previous year question papers and solve those problems and in certain 
cases they even omit several topics which were either asked comparatively less 
or never in the university exams. This technique is not a success always because 
the structure of the university question paper is mostly uncertain. Sometimes the 
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question paper might be mostly problematic and sometimes it might be mostly 
 theoretical. We cannot predict the questions, but we also noticed that in certain 
cases, the questions asked in the previous year examinations were repeated. In such 
scenarios if the student is strong with the previous year question papers, then he/she    
would defi nitely score the minimum marks, but higher grades depend on other 
skills. Another fact is that in certain cases, a 16-mark question will be divided as two 
8-mark or four 4-mark questions; in such cases time management is a key issue. 
Moreover teaching this way is unethical. As discussed earlier DSP was a mathemat-
ical paper, and many students responded that they do not know why they solve these 
complex DSP problems and they were not educated well about the applications of 
the subject. So our overall observation from these feedback is that DSP was mostly 
syllabus centric and teachers were not in a position to take any chance in the form 
of implementing any new teaching or delivery technique and they were concerned 
too much only about the university results. Some of the contrasting comments were: 
We are being trained for exam rather than thought; most of us do not know the pur-
pose of the course; few CSE students felt that the course “Signals and Systems” is a 
prerequisite of DSP, but it was just kept as a unit in their DSP syllabus; all students 
felt DSP was a diffi cult paper; this image has been created by many faculties and 
senior students; some students felt that it is other department’s paper. 

 The faculty members expressed their comments over the subject, and they also 
sighted the reasons for the decline in the results. Most of the teaching strategies in 
the current trend are to be blamed. The college management on the other hand 
stresses the faculties to fi nish the syllabus on time. Pilot study samples of faculties 
were 2 from ECE, 2 from EEE, 1 from CSE, and 1 from IT. Many challenges were 
sighted by the faculties in handling this subject. A few comments from the faculties 
are summarized below; This paper is syllabus centric, time constraint, and has no 
cooperation from students, especially when a faculty from other department handles 
the subject, and students lack the basics and fi nd it diffi cult to understand.  

2.4     Remedial Steps from Faculty and Students 

 Based on all the analysis done and also considering the results, we asked both the 
students and the faculties to propose their own remedies for this issue. Most of the 
students felt that this subject is alienated and needs additional care which would 
increase their workload. They also felt that it might become an extra burden for 
them as the time stipulation to study that subject along with 5 other subjects 
(totally 6) was less than 6 months. Hence they felt that the syllabus could be made 
simple or reduced for CSE and IT students alone. It is not a convincing remedy as 
the syllabus was framed well, and our observation from senior faculty members is 
that the syllabus was well and good. Some students felt that more class tests need 
to be conducted. 

 The faculty members were also keen in proposing various strategies of improving 
the results in this subject. Many faculties felt that students of CSE and IT feel that it 
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is a foreign (other department) subject and so they never give much importance to 
DSP compared with other subjects. Currently every college holds collective number 
of faculties in every department. To teach certain subjects like DSP, faculties from 
other departments are called in to teach those subjects. For example, DSP comes 
under Electronics Department and the Department of Computer Science need not 
require a faculty just to teach DSP alone; instead, they make faculties from other 
department (likely ECE) to handle the subject. But this could have a reverse impact 
with the students. Generally if other department faculties handle the subject, then the 
students would only give lesser importance to the subject and the faculty. This prob-
lem can be solved by making faculties from the same department to handle the sub-
ject. Some of the faculties also felt that the prescribed 45 h time duration by the 
university is not suffi cient and they felt that 55–60 h time would be a fair deal.   

3     Proposed Techniques to Enhance Performance 

 Based on the various studies and analysis done, we propose several innovative and 
unique schemes to enhance the performance of students, especially CSE and IT. We 
introduce problem-based learning (PBL) technique, and we also propose a peda-
gogical approach of learning DSP in an effective way. We also performed a test case 
by implementing this approach as a trial and error manner in an institution and 
found the results to be better than the earlier stages. The major aspect of our pro-
posal is that instead of teaching theoretical concepts to the students, we make stu-
dents learn problems based on real-time systems. Application-oriented learning is 
the major strategy of the proposed paper. It is important to mention that our imple-
mentation of PBL is different from the experimental learning or the learning-by- 
doing approach that is usually implemented in engineering classes via laboratory 
systems via engineering design projects. Projects represent the hands-on component 
of engineering courses, where students apply theoretical knowledge in the context 
of a specifi c application. However, formulating an appropriate project for an intro-
ductory DSP course presents challenges on how to avoid coursework overload. 
Since introductory DSP courses are typically very dense from a theoretical view-
point, the PBL component needs to be carefully crafted in order to complement well 
the theoretical course content without overloading the student. Our hypothesis is 
that while observing how simple DSP components (e.g., fi rst- or second-order fi l-
ters, delays, and up/down samplers) work on familiar signals, students will grasp 
fundamental concepts such as superposition, convolution, frequency response, sam-
pling, etc., more easily. 

 We must make the teaching method of this subject to be application oriented. 
The faculty before starting any topic under DSP must fi rst explain the students 
about the applications of that topic in real time. Giving real-time examples would 
trigger interest from students and would also make them remember the topic for-
ever. Giving activities would also help in boosting the student’s desire toward the 
subject. Activities must be purely application oriented and should mainly focus on 
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the practical rather than the theory part. For example, if a faculty is about to teach 
“Hidden Markov Process” he/she should not simply start what is Markov? Why 
Markov process? and get into the mathematical derivations. Such explanations 
would defi nitely bore the students and many dislike the course due to this approach. 
Instead if the faculty lets the students know about the applications of it, then it 
might trigger some sort of interest within the students. The hidden Markov process 
is one of the major concepts used in modern speech recognition systems. Defi nitely 
every student would have some knowledge about what a microphone is, so the 
faculty must explain it as a major necessity in speech processing, and examples 
like microphones, musical instruments or any device that captures sound can be 
cited as examples. Adding to this, an activity making the students to get to know the 
working principles of such speech processing devices can be employed. After the 
students fi nish this activity, then the faculties can get into the technical and math-
ematical stuffs about the Markov process in detail. Such type of teaching would 
help students to grasp things pretty quickly. 

3.1     Pedagogical Approach 

 Pedagogical approach is the science and art of education, specifi cally instructional 
theory. An instructor develops conceptual knowledge and manages the content of 
learning activities in pedagogical settings. Students learn as they internalize the 
procedures, organization, and structures encountered in social contexts as their 
own schema. The learner requires assistance to integrate prior knowledge with new 
knowledge. Students must also develop metacognition or the ability to learn how 
to learn.  

3.2     Problem-Based Learning 

 Problem-based learning (PBL) is a student-centered pedagogy in which students 
learn about a subject through the experience of problem solving. Students learn both 
thinking strategies and domain knowledge. Problem-based learning is a style of 
active learning. Learning is “student centered” because the students are given the 
freedom to study those topics that interest them the most and to determine how they 
want to study them. Students should identify their learning needs, help plan classes, 
lead class discussions, and assess their own work and their classmates’ work [ 8 ,  9 ]. 
Problem-based learning addresses the need to promote lifelong learning through the 
process of inquiry and constructivist learning. Problem-based learning is becoming 
increasingly popular in engineering. Projects represent the hands-on component of 
engineering courses, where students apply theoretical knowledge in the context of a 
specifi c application. However, formulating an appropriate project for an introductory 
DSP course presents challenges on how to avoid coursework overload. Since 
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introductory DSP courses are typically very dense from a theoretical viewpoint, the 
PBL component needs to be carefully crafted in order to complement well the theo-
retical course content without overloading the student. Our hypothesis is that while 
observing how simple DSP components (e.g., 1st- or 2nd-order fi lters, delays, and 
up/down samplers) work on familiar signals, students will grasp the fundamental 
concepts such as superposition, convolution, frequency response, sampling, etc., 
more easily. The programming environment enabled the direct perception of how 
fi lters change the input signals. The projects were formulated so that the students had 
to achieve a well-defi ned goal. This goal was reachable via multiple paths, i.e., by 
choosing among several multistep signal processing approaches. In our fi eld study, 
two example problems were proposed by the instructor. Students were encouraged to 
specify their own problem within the area of audio/image processing. 

 Problem (A) Enhancement of Speech Signal: Speech signals are recorded using 
a microphone with unshielded cable. As a result, the signals are contaminated with 
60 Hz interference. Also, due to the fact that the microphone’s frequency response 
is not fl at and that higher pitches are suppressed, the recorded voice sounds hum-
ming, with a background buzz. Students were to design a DSP system to enhance 
the signal-to-noise ratio of their speech signal and to modify its spectrum in such a 
way that it sounds as natural as possible. In the planning stage, students needed to 
select their signal processing blocks and to justify their selection. The implementa-
tion stage involves the interconnection of the blocks and the parametric adjustment 
of each block. 

 Problem (B) Enhancement of Print-Out Quality of Facial Images: Facial 
images are captured using a low-quality webcam. The images feature Gaussian 
noise and are overexposed, due to excessive lighting. The quality of the images 
needs to be optimized for printing purposes. The planning stage needs to identify 
the processes to be performed (such as de-noising, contour sharpening, histo-
gram equalization, removal of specular regions, etc.). The implementation stage 
involves  interconnecting the processes above, as well as tuning their parameters. 
All problems (either instructor or student formulated) were to be solved using 
simulators, a custom- designed software.  

3.3     The Mini Projects 

 A series of mini projects use MATLAB to reinforce the concepts of the class.

   Project 1: The projects start with a music synthesis project in which students are 
asked to fi nd sheet music for a given tune (rhymes like jingle bells can be 
used) and then write a program to synthesize it, producing a .wav fi le that 
plays the song.  

  Project 2: In the second project, the students are given a .wav fi le containing a spo-
ken message that has been masked by some loud sinusoids. Their task is to fi lter 
out the sinusoids.  
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  Project 3: The weekly projects progress until the students are given a .wav fi le 
 containing a recording of some instrument (a guitar and violin have been used in 
the past; in the future a tuba or trombone may be used). Their task is to produce 
a text fi le that tells what notes have been played, when, and for how long. This is 
just the reverse of the fi rst mini project.  

  Project 4: Finally the students will be asked to create a simple program coding that 
would recognize these musical notes and would segregate them according to their 
theme or rhyming structure according to the preferences set by the students.    

 Other examples for mini projects are music synthesis, discrete convolution GUI, 
tone removal, tone removal via poles and zeros, note detection, simple song detec-
tion, etc.   

4     The Simulator Environment 

 Advances in signal processing theory and its multi-domain applications make it 
increasingly diffi cult for educators to teach abstract mathematical concepts as well as 
illustrate their relevance in real-world system design in a single course. Learning a 
concept practically rather than theoretically makes students to easily understand the 
concepts. But in certain cases practical learning was also a huge challenge. In order 
to overcome these diffi culties, the simulator environment came into picture. The 
advent of block-based design and simulation technologies like MATLAB, LabView, 
and Simulink enables educators to develop and employ visual and interactive models 
of real-world signal processing systems to meet the corresponding challenges. The 
paradigm that we propose is direct visual manipulation of discrete signals and sys-
tems. It is similar to the WYSIWYG (What You See Is What You Get) paradigm, a 
very popular choice for text editors. The graphical interface of simulators allowed 
students to manipulate the parameters of each incorporated block for digital signal 
processing and thus to gain understanding of how it affects the input signals. The 
development of a system in simulators consists of the following steps:

•    Loading or creating the input signals  
•   Creating fi lters  
•   Interconnecting sources, fi lters, and arithmetic blocks  
•   Placing probes at desired points in the system for signal investigation  
•   System simulation, viewing and saving the outputs    

 Filter design has been implemented via dropdown menus and sliders for choos-
ing fi lter type and parameters. Once the fi lter is designed, it can be visualized using 
a pop-up window. Students can investigate magnitude, phase, impulse, and unit step 
responses of their fi lter as well as zero-pole, group delay, and phase delay plots. 
These fi lter design options make the simulators more intuitive, and they enable nov-
ice users to locate, manipulate, and visualize their fi lters faster, without getting lost 
in advanced options. Simulators also provide the option to probe the signal at any 
desired location in the system by using pop-up windows or by saving it to a fi le. 
Probes are considered a signal sink and can be placed at the output of any block on 
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the system. The simultaneous time (or space) domain and frequency domain visual-
ization is useful for understanding the correlation between time (space) and fre-
quency domain representations, as well as the trade-off between different constraints 
imposed on fi lters in either time, space, or frequency. The following are the popular 
simulators used in teaching DSP. 

 LabView: National Instruments’ [ 10 ] LabView (short for Laboratory Virtual 
Instrumentation Engineering Workbench) is based on the concept of data fl ow pro-
gramming and is particularly suited to test and measurement applications. The three 
important components of such applications are data acquisition, data analysis, and 
data visualization. LabView offers an environment which covers these vital compo-
nents. Therefore, the full development version offers a number of signal processing 
functions, grouped under the headings of signal generation, time domain, frequency 
domain, measurement, windows, and fi lters. 

 MATLAB: MATLAB was introduced into digital signal processing as a teaching 
tool which can make students understand the abstract content intuitively, improving 
learning motivation and interest, strengthening the knowledge of integrated applica-
tions and creative ability, to achieve a multiplier effect, so they can achieve effec-
tively understanding and mastery of digital signal processing class to improve 
teaching quality. These are the two most widely used simulators to test and work 
with DSP projects; however many other simulators are also available, but they are 
not commercially recognized as MATLAB and LabView.  

5    Proposed Strategies 

 Our analysis and study about this problem led us to various strategies that could 
help students to improve their grades. We also took inputs from both students and 
faculties and developed a model or an approach that could help in improving the 
results. They are as follows; looking at the method of teaching followed currently 
we found that it’s mostly syllabus oriented. This system should be changed. We 
must make the teaching method of this subject to be application oriented. The fac-
ulty before starting any topic under DSP must fi rst explain the students about the 
applications of that topic in real time. Giving real time examples would trigger 
interest from students and would also make them remember the topic forever 
[ 11 – 13 ]. Giving activities would also help in boosting the student’s desire towards 
the subject. Activities must be purely application oriented and should mainly focus 
on the practical’s rather than the theory part. 

 For example, if a faculty is about to teach “Hidden Markov Process” he/she 
should not simply start what is Markov? Why Markov process? And get into the 
mathematical derivations. Such explanations would defi nitely boredom the students 
and many dislikes the course due to this approach. Instead if the faculty lets the 
students to know about the applications of it then it might trigger some sort of inter-
est within the students. The hidden Markov process is one of the major concepts 
used in modern speech recognition systems. Defi nitely every student would have 
some knowledge about a microphone is, so the faculty must explain it as a major 
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necessity in Speech processing and examples like microphones musical instruments 
or any device that captures sound can be cited as examples. Adding to this, an activ-
ity making the students to get to know the working principles of such speech pro-
cessing devices can be employed. After the students fi nish of this activity then the 
faculties can get into the technical and mathematical stuffs about the Markov pro-
cess in detail. Such type of teaching would help students to grasp things pretty 
quickly. Making students work with the simulators would be an added advantage for 
this course [ 5 – 7 ]. We consider giving more activities and mini projects to the stu-
dents as this would help them visualize the DSP applications in real time scenarios. 
The teaching approach that we take is to start with a simple DSP system such as a 
small FIR fi lter, students will move from a (hopefully) familiar point and progress 
through the simulation and synthesis of the hardware. By leading them through their 
fi rst complete system in a highly directed manner, students will be able to complete 
the entire design and implementation process within a few hours. The MATLAB– 
Xilinx interface toolbox is useful at this stage for allowing students to test the results 
of the hardware fi lter against those of a software implementation to verify correct-
ness. Once students understand the entire process (i.e., the global perspective), the 
concentration can shift towards studying characteristics of hardware implementa-
tions such as quantization effects and resolution, area, power, and implementation 
optimizations. At this stage, verifi cation of correctness becomes even more impor-
tant but the toolbox also becomes useful for investigating engineering trade-offs 
such as the impact of coarser quantization. 

5.1    The Mini Projects 

 A series of Mini Projects use MATLAB to reinforce the concepts of the class.

   Project 1: The projects start with a music synthesis project in which students are asked 
to fi nd sheet music for a given tune (Rhymes like Jingle Bells can be used) and then 
write a program to synthesize it, producing a .wav fi le that plays the song.  

  Project 2: In the second project, the students are given a .wav fi le containing a spoken 
message that has been masked by some loud sinusoids. Their task is to fi lter out 
the sinusoids.  

  Project 3: The weekly projects progress until the students are given a .wav fi le 
containing a recording of some instrument (a guitar and violin have been used in 
the past; in the future a tuba or trombone may be used). Their task is to produce 
a text fi le that tells what notes have been played, when, and for how long. This is 
just the reverse of the fi rst mini project.  

  Project 4: Finally the students will be asked to create a simple program coding that 
would recognize these musical notes and would segregate them according to their 
theme or rhyming structure according to the preferences set by the students.    

 Other examples for Mini Projects

•    Music Synthesis  
•   Discrete Convolution GUI  
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•   Tone Removal  
•   Tone Removal via poles and Zeroes  
•   Note Detection  
•   Simple Song Detection      

6     Conclusions 

 This paper depicts the importance of learning things with practical knowledge. We 
also conducted a pilot study on DSP and the issues related to the learning methods 
followed in DSP. We also conducted some test cases related to the results, and a 
detailed survey was conducted taking the results of 3 major engineering colleges in 
Chennai. Feedbacks were taken from both students and the faculty members, and 
we derived a summary of the same. Based on these statistics and feedbacks, we have 
proposed several strategies to teach DSP in an effi cient way with the use of technology. 
The authors hope that more researches will be made under this domain to enhance 
the teaching methodologies.     
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    Abstract     Employability of engineering graduates has been an area of concern for 
academia and industry alike. Amrita Vishwa Vidyapeetham has attempted to bridge 
the gap by getting feedback from industry and creating a course that will address 
these issues.  

  Keywords     Employability   •   Soft skills   •   Skill development  

1         Introduction 

 Every year close to 10,00,000 engineers graduate from the 3,000+ engineering edu-
cational institutions in India. Close to 30 % of them will not be placed in today’s 
challenging market (The Economic Times, Jun 18, 2013) [ 1 ]. Adding to the market 
conditions is the fact that many of the students do not measure up to the require-
ments of the industry. Early in 2005, a study by NASSCOM revealed that only 25 % 
engineers were employable. The employability situation has only worsened since 
then. As per the 2011 National Employability Report conducted by Aspiring Minds 
[ 2 ], only around 20 % of the engineers are suitable for IT Services or IT Product 
companies. Companies run extensive training programmes for their fresh recruits. 
In addition to the costs incurred by the companies, the engineers are not productive 
for close to 1 year after they join. 

 The Government of India has set up the National Skills Development Corporation 
(NSDC) to fulfi l the growing need in India for skilled manpower across sectors and 
narrow the existing gap between the demand and supply of skills. The mission state-
ment of NSDC emphasizes the need to upgrade skills to international standards 
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through signifi cant industry involvement. Industry associations like NASSCOM for 
the IT-ITES Sector and FICCI for the Manufacturing Sector are participating in the 
Sector Skills Councils being set up by NSDC. In collaboration with industry, these 
associations have been outlining the need for making engineering curriculum indus-
try relevant [ 3 ]. 

 Amrita Vishwa Vidyapeetham (Amrita) has been interacting with industry for 
many years, and based on their feedback, a need was felt to incorporate Life Skills 
training in the engineering curriculum.  

2     Design of Life Skills Course 

 Amrita has been working with industry to understand the competencies they seek in 
the students. Based on the inputs, the following areas need to be addressed:

•    A degree is not an indicator of a person’s employment skills. Companies are 
more interested in practical applications rather than just knowledge.  

•   Good problem-solving and creative skills are needed to solve practical 
problems.  

•   It is not individual capability but teamwork that is important to industry. 
Interpersonal effectiveness is very important to ensure success in career.  

•   Business is not local anymore. More and more work is being done across  borders, 
languages and culture. As a result, good business communication skills are very 
important.  

•   Life in the industry is very different from a student’s life. They need to be given 
inputs so that the transition to corporate environment is smooth.  

•   Technology is constantly changing. As a result, self-learning skills are very 
important to ensure that employees are constantly up to date with the latest 
advances and innovations.    

 The above inputs have come from companies across industries, though the IT 
industry has been in the forefront in defi ning the skills required. 

 The Life Skills course in Amrita [ 4 ] aims to complement the technical knowl-
edge acquired by the students with skills that will become employable and enable 
them to have a successful career. The Life Skills Course in Amrita is handled by the 
Directorate of Corporate and Industry Relations (CIR). CIR adopts a multipronged 
approach towards development of Life Skills in the students. The Learning and 
Development wing of CIR imparts more than 240 h of training in the areas of ver-
bal, aptitude and soft skills. These classes are spread over the entire duration of the 
course and are handled exclusively by well-qualifi ed subject matter experts (SMEs). 

 The curriculum has been developed based on industry requirements and covers 
the following areas:

•    Verbal and communication skills – spoken English, vocabulary, grammar, read-
ing comprehension and business English  
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•   Quantitative aptitude and logical reasoning skills – problem solving, quantitative 
ability, logical and analytical reasoning, data interpretation and data suffi ciency  

•   Soft skills – attitude and behaviour, grooming for corporate, confi dence building, 
presentation skills, resume writing skills, group discussion skills, team-building 
and leadership skills, interview skills  

•   Core competency – practical applications, guest lectures and workshops and 
 participation in technical competitions    

 In addition, Amrita has many industry-designed electives increasing the  relevance 
of the curriculum. 

 The board of studies for Life Skills courses includes members from industry. The 
syllabus is updated based on industry feedback, inputs from Human Resources 
Team of companies, alumni and students. 

 All students in their fi rst year are briefed on the importance and the need for them 
to develop Life Skills. In addition, the following steps are taken to ensure that all 
students benefi t from the courses conducted by CIR:

•    In order to address learning needs of slow, moderate and advanced learners, the 
class size is kept to around 35 students. This ensures better coverage, monitoring, 
interaction and work assignment as per their needs.  

•   Remedial classes are conducted at the end of every year based on a student’s 
performance in internal evaluations and in examinations.  

•   Records of each student are maintained by the appointed trainer. This record and 
the one-on-one interaction enable to address the development needs of each stu-
dent on an individual basis.    

 The success of these courses is measured through the placement records and the 
feedback from the companies on the performance of students from Amrita. In addi-
tion, the AMCAT test conducted by external agency Aspiring Minds, a leading 
company in employability assessment, has validated student performance and 
placed Amrita in the top 10 % institutions in the country. 

 Some key data regarding the curriculum is given below:

•    Life Skills course was started in 1998, with emphasis on soft skills.  
•   The course was enhanced in 2006 to include problem-solving and verbal skills.  
•   The course has been made a credit course from 2010 batch onwards.  
•   More than 2,000 students undergo the course from each engineering batch in 

Amrita.  
•   There are more than 30 full-time faculty in CIR to impart Life Skills training     

3     Results 

 The placement records in Amrita are a testimony to the effi cacy of the approach 
used to transform the engineering students into industry-ready professionals. The 
placement trend is given below. 
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 Figure  1  clearly shows that the placement percentage has increased in line with 
the addition of Life Skills course components, even though the number of students 
to be placed in each batch has increased. In the years 2012 and 2013, the number of 
students planning for higher studies has substantially increased.

4        Conclusion 

 The approach taken by Amrita to address the issue of employability and industry 
readiness is exemplary. The investment made by the university has borne fruit based 
on the feedback from students and from the companies, which hire them. The uni-
versity is committed to make necessary additions and changes to the Life Skills 
course based on the changing requirements of industry. 

 An area that would need further investigation would be the impact of internships, 
participation in world-class competitions and technical certifi cations on making the 
students industry ready.     
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    Abstract     The learner style plays a pivotal role in pedagogy. In this paper, we have 
presented the adoption of Felder and Silverman model to analyze the learning styles 
of the students and use the same in the design and delivery of data mining course. 
One group is found to be verbal learners and the other is visual learners. The control 
groups have 52 students. The experiment shows that appropriately tailoring the 
teaching style has resulted in better results. The results reveal that 90 % of the 
 students scored above 70 %. Thus, we have concluded that matching the teaching 
style and learning style gives good result.  

  Keywords     Pedagogy   •   Learning style   •   Teaching style   •   Learning models   •   Delivery 
of courses  

1         Introduction 

 Pedagogy is an art and also the science of teaching, which serves as a master plan 
that includes details of what is to be done by a teacher, the instructional strategies, 
instructional equipment, and the cardinal objectives of instructions. The most 
accepted criteria for measuring good teaching is the amount of student learning that 
occurs. An academician, Thomas Angelo, once said “teaching in the absence of 
learning is just talking.” A teacher’s effectiveness in teaching refl ects the students’ 
learning. The teacher (also referred as faculty) controls the instructional process. In 
other words, the teacher delivers the lecture content and the students listen to the 
instructions. Thus, the learning mode tends to be passive and the learners play a 
little role in their learning process. The learning abilities of the students are being 
ignored. Students learn in many ways, namely, by seeing and hearing; refl ecting and 
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acting; reasoning logically and intuitively; and memorizing, visualizing, drawing 
analogies, and building mathematical models, steadily and in fi ts and starts [ 1 ]. 
Teaching methods also need to vary with learning styles. How much a given student 
learns in a class is governed by student’s native ability, prior preparation about the 
topic and compatibility of his or her learning style and the instructor’s teaching 
style. The gap between students’ learning styles and teachers’ teaching styles needs 
to be bridged [ 2 ]. 

 A learning style is defi ned as the characteristics, strengths, and preferences in the 
way people receive and process information. There are several ways to identify 
students’ learning styles. Some learning style models are (i) the Myers-Briggs Type 
Indicator (MBTI), (ii) Kolb’s Learning Style Model, and (iii) Felder-Silverman 
Learning Style Model. We have selected the Felder and Silverman model to analyze 
the learning styles of the students because it has been modeled for engineering 
 students [ 3 ]. 

 The Felder and Silverman model classifi es students as fi tting into one of the 
 following four learning styles, also called learning dimensions, which is depicted in 
Fig.  1 . Types of learners include sensing learners or intuitive learners, visual learn-
ers or verbal learners, active learners or refl ective learners, and sequential learners 
or global learners. Sensing learners are oriented towards facts and intuitive learners 
are oriented towards theories and meanings. Visual learners prefer visual represen-
tations and verbal learners prefer information and knowledge. Active learners like 
in trying things and refl ective learners like working alone. Sequential learners are 
very systematic and global learners are able to learn in large leaps. A typical  learning 
style profi le obtained is shown in Fig.  2 . These styles are not meant to be rigid 

  Fig. 1    Learning style 
dimensions       
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 categories. A student may have a strong, moderate, or weak learning towards one 
end of a continuum or the other. Furthermore, one may lean in one direction for 
some tasks and in the other direction for other tasks. Teachers need to understand 
the learning styles of majority of the students and design their instructions. The 
 latest developments in pedagogy treat teaching as an activity that conserves valued 
knowledge and skills. Pedagogy is adopted in technical education in India too [ 4 ]. 
Thus, in order to know the state-of-the-art practices, we have carried out a literature 
survey. The following is the gist of the literature survey carried out to know adop-
tion of learning styles of students in instruction delivery.

    Felder    et al. [ 3 ] have defi ned two tiers of entering college students, the fi rst 
 consisting of those who go on to earn science degrees and the second those who 
have the initial intention and the ability to do so but instead switch to nonscientifi c 
fi elds. The authors have described learning and teaching styles of second category 
students. Franzoni et al. [ 1 ] have described the design of a personalized teaching 
method that is based on an adaptive taxonomy using Felder and Silverman’s learn-
ing styles, which is combined with the selection of the appropriate teaching strategy 
and the appropriate electronic media. Students are able to learn and effi ciently 
improve their learning process with such method. Bhowmik et al. [ 2 ] have tried to 
refl ect the necessity of acquired knowledge of every teacher concerning pedagogy 
to perform his or her teaching profession effectively. Gilakjani et al. [ 5 ] have 
explained learning styles. The teaching styles match or mismatch between learning 
styles, namely, visual, auditory, and kinesthetic among Iranian learners are consid-
ered. The pedagogical implications are addressed for the EFL/ESL classroom. Entz 
et al. [ 4 ] have presented the seminal work of the Center for Research on Education, 
Diversity, and Excellence (CREDE). The fi ve critical elements of effective peda-
gogy are summarized. The authors have demonstrated that consistent  implementation 
resulted in greater student outcomes across the curriculum regardless of age and 
higher academic test. 

 Sajjad et al. [ 6 ] have determined the effectiveness of various teaching methods 
used at graduate level. Nearly 220 undergraduate students studying in 11  departments 

  Fig. 2    A typical learning style profi le       

 

Impact Analysis of Students’ Learning Styles in Effective Planning and Delivery…



344

of faculty of Arts are interviewed about their perceptions on effective teaching 
methods. Most of the students rated lecture method as the best teaching method and 
group discussion the next. Students’ perception and ratings about the interesting and 
effective teaching methods are considered helpful in the improvement in teaching- 
learning process. Prince and Felder [ 7 ] have reviewed most commonly used induc-
tive teaching methods, including inquiry learning, problem-based learning, 
project-based learning, case-based teaching, just-in-time teaching, and discovery 
learning. The commonalities and specifi c differences for each method are defi ned. 
Damodharan et al. [ 8 ] have evaluated the traditional methods of teaching as well as 
multimedia teaching. The authors have suggested other useful teaching methods for 
imparting knowledge to the students. Hein and Budny [ 9 ] have described strategies 
developed from two independent models Dunn and Dunn Learning Style Model and 
Kolb Learning Style Model to teach physics for undergraduate engineering stu-
dents. The basic elements of these two learning style models are compared and 
contrasted. Rutz and Westheider [ 10 ] have reported how engineering and technol-
ogy students at the University of Cincinnati compared to other similar population 
showed signifi cant differences in the learning styles. The educators who understand 
these various preferences and who have a good sense of the distribution of learning 
type have a better opportunity to enable all students to learn more fully. Kyun Lee 
et al. [ 11 ] have considered the students in two different mechanical engineering 
courses when surveyed using the VARK (visual, aural, read/write, kinesthetic) ques-
tionnaire to classify students’ learning style and to determine their attitude towards 
PowerPoint    lectures. The majority of students surveyed are found to be kinesthetic 
or read-write in their learning style. Livesay and Dee [ 12 ] have administered Index 
of Learning Styles (ILS) to all engineering freshmen on the fi rst day of class and 
again 5 weeks later have examined the test-retest performance. On an average, indi-
vidual students repeated greater than 75 % of their answers identically in the test 
and retest. Kaminski et al. [ 13 ] have aimed to explore engineering student’s per-
ceived learning characteristics in order to inform learning and teaching, carefully 
examined evidence of a link between student learning characteristics and student 
academic success. The results strongly suggest that recognizing this association 
between learning styles and academic success will necessarily lead to both more 
perceptive teaching and also more responsive learning. 

 From the literature survey, it is observed that the learning styles are considered 
in teaching physics, chemistry, and other subjects to technology education students. 
The results of adoption of learning styles are also reported. No case studies on the 
impact of learning styles in specifi c engineering subjects or courses are reported. 
Adapting different learning style models result in different outcomes in pedagogy. 
Suitability of learning style models to the given course delivery requires a study. 
Hence, a work on adoption of learning styles of students in teaching data mining 
course for undergraduate students of engineering is undertaken. We have adopted 
Felder’s model in this work. The students of data mining course took test available 
on the link   www.engr.ncsu.edu/learningstyles/ilsweb.html    . The learning style pro-
fi les of the students are obtained and analyzed. The fi ndings of analysis are used in 
tailoring the teaching style for the course. The analysis of the data obtained from the 
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tests is given emphasis in this work and hence the work on impact analysis of the 
model proposed by Richard M. Felder. 

 The remaining part of the paper is organized into four sections. Section  2  deals 
with the proposed methodology where the different stages of the methodology are 
discussed in detail. Section  3  deals with the result and discussion. Conclusion of the 
work is referenced in Sect.  4 .  

2      Proposed Methodology 

 The work carried out comprises three stages, namely, Creation or Connection to 
Web Application, Storage, and Retrieval; Evaluation Analysis; and Information 
Generation. The stages are shown in Fig.  3 .

2.1       Creation or Connection to Web Application 

 In this work, we have used a learning style model developed by Richard M. Felder 
and Linda K. Silverman to obtain the learning style profi les of each student in the 
class. They use the Index of Learning Styles (ILS) as an instrument to assess prefer-
ences in terms of four dimensions, namely, active/refl ective, sensing/intuitive, 
visual/verbal, and sequential/global. A student’s learning style profi le provides an 
indication of probable strengths in academic settings. A student answers 44 ques-
tions and gets at the end the learning style profi le. The profi les of the students of a 
class are analyzed for their learning styles of the entire class. Faculty adapts the 
majority of the learning styles of the class to match the teaching style. The Richard 
M. Felder and Linda K. Silverman learning style model is available for usage on the 
web. But, how it evaluates against the questionnaire is hidden. We have tried to 
explore the underlying process by analyzing the model and arrived at the pseudo 
code as given in the following algorithm.  

2.2     Learning Style Profi le Evaluation and Analysis 

 Every student is made to answer the questionnaire. The profi les of the students are 
obtained and are further evaluated using the algorithm.

Creation or Connection
to Web Application

Learning Style Profile
Evaluation and Analysis

Information
Generation

  Fig. 3    Different stages of methodology       
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2.3         Information Generated 

 It shows that majority of the students are visual learners in the class. The students with 
balanced preference generally adopt to the teachers teaching style. The data mining 
course is planned and delivered by using PowerPoint presentations. We have designed 
quiz, showed video lectures on some topics, and discussed case studies. The same 
method is tried second time to another group of students. This time students are found 
to be verbal learners. Hence, new teaching style is followed to teach the same course. 
The course is taught by using chalk and talk method with moderate use of PowerPoint 
presentation. Audio lectures are played on few topics with explanation on board. The 
case studies on different data mining techniques, group discussions and seminars, are 
dealt by students and teachers using black board. In this group also, 90 % of the stu-
dents have scored 70 % and above. Thus, we opine that the learning styles drive the 
teaching styles and resonance in results occurs upon match of the two.   

3      Results and Discussion 

 We have carried out an experiment on a control group of 52 students (25 male and 26 
female), the entire class of VII semester in the age group of 19–20 years, for data min-
ing course to study their learning styles. The result obtained for an individual is shown 
in Fig.  4 . The students have a very strong preference towards refl exive learning. The 
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number of active/refl ective learners is shown in Fig.  5 . Nearly 70 % of the students 
have balanced preference to both styles. The rest 30 % of students have moderate 
preference towards active learning. The number of sensitive/intuitive learners is shown 
in Fig.  6 . Nearly 70 % of the students are balanced. Nearly 30 % of the students have 
moderate preference towards sensitive learning. The number of visual/verbal learners 
is shown in Fig.  7 . Majority of the students are visual learners. The number of sequen-
tial/global learners is shown in Fig.  8 . Fifty percent of the students have moderate 
preference towards sequential learning and the rests are balanced. The balanced learn 
equally well either way. The result of entire class strength of 52 is shown in Fig.  9 .

  Fig. 4    Learning styles of 
students       

  Fig. 5    Active/refl ective 
learners       

  Fig. 6    Sensitive/intuitive 
learners       

  Fig. 7    Visual/verbal learners       

  Fig. 8    Sequential/global 
learners       
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        The same data mining course is taught for the second time to different group of 
students. The students have taken online test and their students learning style profi le 
is evaluated and analyzed. We have found that the majority of the students are verbal 
learners as shown in Fig.  10 . The teaching style is used for visual group of students 
which could not be used to the group of verbal students, as their learning style is 
different. Hence, new teaching style and course delivery is adapted to this group of 
students in teaching data mining course. The course is taught using blackboard 
approach with moderate use of PowerPoint presentation whenever necessary. The 
audio lectures are played on few topics.

   The case studies on different data mining techniques are presented for group 
discussions. The seminar’s topics are assigned to the students. We tailored the 
course delivery to suit both groups of students. We have changed to the course deliv-
ery and not the design of the course. In a typical affi liated system, there is no scope 
for changing the design of the course. However, one has freedom to adopt the neces-
sary teaching style. There is always scope for research on the teaching styles to 
achieve good results.  

4      Conclusion 

 The learning styles must be taken into consideration while teaching any course at 
any level. Analyzing the learning styles of students becomes helpful to the teacher 
in adapting his or her teaching style, which in turn benefi ts the students. We have 

  Fig. 9    Entire class behavior       

  Fig. 10    Entire class behavior using traditional chalk and talk approach       
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selected the Felder and Silverman model to analyze the learning styles of the 
 students because it has been modeled for engineering students. There are other 
models, which can be tried and compared. The teacher cannot satisfy each individ-
ual but can go by majority and address specifi c types on case-to-case basis.     
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    Abstract     WiMAX is one of the latest broadband wireless technologies that sup-
ports applications like voice, video and surfi ng over very large geographical areas. 
WiMAX is seen as a technology that can solve the reachability problem in countries 
like India because of its wider reach. Connectivity and education is vital to any 
country to usher in economic growth, health care and improved entertainment 
 services. Broadband wireless technologies like WiMAX have started providing 
cheap connectivity to schools and colleges. Telecommunication industry is also 
smart enough to quickly adapt to this new technology. In order to bridge the gap 
between industry and academia, there is a need for more fl exible delivery and exten-
sive study of such courses to satisfy the needs of telecommunication industry. The 
changing trends in telecommunication companies towards WiMAX deem it neces-
sary to pod it to every engineering student. This paper presents a WiMAX hands-on 
lab for graduate and postgraduate students aimed to awaken students to this technol-
ogy. The contents of lab have been designed based on the use of simulator like 
Qualnet, ns-2 or OPNET. We present a brief overview of experiments that can be 
performed on WiMAX using Qualnet and can be included in the subjects of wireless 
technologies. Learning outcomes of this lab are also presented.  

  Keywords     WiMAX   •   Wi-Fi   •   Wireless communication   •   Broadband  
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1         Introduction 

 India is the second most populous country in the world, with an annual GDP per 
capita of around $1900 billion [ 1 ] and is placed at the eighth position worldwide. 
Indian government in its recent budget has given top priority to education sector (Rs 
65,867 crores) as a means of building a reservoir of competent leaders and skilled 
personnel who will guide and sustain the region’s current pace of development [ 2 ]. 
As a result, both the government and private sectors are directing huge technologi-
cal inputs towards improving educational content and delivery systems and in 
upgrading infrastructures. Recent BWA allocation done in 2012 [ 3 ] indicates that 
WiMAX will emerge as the quintessential answer to these issues given its superior 
performance and lower costs as compared to other similar technologies like 3G, 
LTE, etc. Therefore, WiMAX is also going to play a major role in the fi eld of educa-
tion as more and more universities are going to adopt it as has been done by Michigan 
University in the USA [ 4 ]. The emergence of WiMAX and its backing by telecoms 
will help set new norms in providing education to students of all ages [ 5 ]. 

 There have been a number of universities offering course on wireless networking 
in India and abroad [ 6 ,  7 ]. Most of the networking lab experiments focus on either 
Internet protocols or MAC and PHY mechanisms in Wi-Fi or fi xed LANs. Work on 
designing labs that teaches concepts of cellular or wireless communication is rather 
sparse. Dawy et al. [ 6 ] have designed a list of experiments which also includes 
experiments on WiMAX, but these have been covered and aimed at analysis and 
resource planning. There have been recent attempts by [ 7 ,  8 ,  9 ,  10 ] to design wire-
less labs based on WiMAX networks. Alqudah et al. [ 7 ] have proposed a high-level 
design of wireless lab on WiMAX but have not provided any actual implementation. 
Marasevic et al. [ 8 ] and Pati [ 9 ] have also proposed some experiment for WiMAX 
lab, but they are very limited. As per the authors’ knowledge, there are no universi-
ties in India where experiments on concepts of WiMAX technology are provided to 
students. IITs have just now started the inclusion of WiMAX networks in their 
courses [ 10 ], but experiments listed are very basic, and concepts such as throughput, 
QoS provisioning and MAC layer operations are not included. Experiments pro-
posed in this paper are very novel and informative.    The upcoming sections will 
highlight the lab structure and experiments to be performed.  

2     Lab Outcomes and Experiments 

 This lab is a research-oriented graduate-level course and can be included with 
subjects like computer networking/data communication or wireless networking 
laboratories. The main focus of this lab will be on the functionalities of PHY and 
MAC of IEEE 802.16 standard. The objective is to provide students with under-
standing of network design using WIMAX technology, protocols and proposed 
algorithms. 
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 There are at least 60–120 students each year in an engineering course who study 
course on wireless networks having background of computer, electronics and elec-
trical engineering to whom this course can be offered. The course may also be 
offered online on the lines of universities like Stanford, MIT and IITs. The experi-
ments can be performed on world-class simulators like Qualnet, OPNET, ns-2, ns-3, 
Winprop, etc. [ 11 ], or funded institutes can opt for the purchase of WiMAX test bed. 
We had designed this course by using simulations on Qualnet 5.2, and students are 
expected to learn and develop a simulation of IEEE 802.16d/e standard while evalu-
ating its performance (throughput, collision probability) in different scenarios. This 
provides them with an intuition on random-access MAC protocols and allows them 
to confi rm the results. The experiments in this course are aimed at the following 
learning outcomes:

    1.     Learn how to use professional simulators like Qualnet, OPNET, etc.   
  2.    Understand the basic design and operation of the wireless technologies like 

WiMAX.   
   3.     Understand how QoS is affected by variation in PHY parameters.   
   4.     Understand the basic principles of radio network planning and optimization.   
   5.     Understand the importance and basics of Wi-Fi, fi xed and WiMAX networks and 

their co-sitting and coexistence.    

2.1      Experiments 

 This section describes a total of 6 experiments which can be added partially or fully 
to the course of wireless communication/computer networks already studied by 
engineering students. The authors had proposed only six experiments as WiMAX is 
not studied as an independent subject; however, the number can be increased or 
decreased as per the requirements of the students. Table  1  provides the summary of 
learning outcomes along with the list of experiments. These experiments have been 
performed by authors using Qualnet 5.2 from Scalable Technologies [ 12 ]. Qualnet 
is a world-class simulator that can model IEEE 802.16d/e WiMAX networks. Same 
experiments can be performed with ns-2 simulator which is based on an open- 
source platform.

     Experiment 1: Designing and Confi guring WiMAX Network : WiMAX operates in 
two modes: PMP and Mesh modes. The working of two modes is entirely differ-
ent. As starters, students will be required to design a WiMAX network consisting 
of one BS or more BS and multiple SS (Fig.  1 ). Students shall learn how to con-
fi gure a node as BS and SS, how to connect them with wired or wireless subnet 
and what the effect of changing different parameters on BS and SS is.

      Experiment 2: Study Support for Various Kinds of Traffi c : Students in this experi-
ment are required to generate different kinds of traffi c that WIMAX supports like 
real-time, non-real-time or simple web traffi c without any basic requirements. 
Traffi c can be generated by changing the features of simulators. Value of precedence 
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fi eld of IP protocol header can be mapped to direct traffi c to specifi c  service 
class (Fig.  2b ). Students are required to learn how WiMAX system supports 
various kinds of traffi c.

      Experiment 3: Maximum Throughput Measurement : The objective of this experi-
ment is to learn how WiMAX responds to SS based on their distances. As per 
IEEE 802.16 standard, WiMAX will choose different modulation schemes for 
SS which are at different distances. The experiment will be performed by placing 
SS at different distances from BS and observing QoS parameters (Fig.  3a ).

      Experiment 4: Quality of Service Measurement : The goal of this experiment is to 
identify which SS was confi gured to use UGS service class. Students are required 
to observe the behaviour of WiMAX system under load conditions. Traffi c is 
varied by increasing the size of packets that are sent. Since allocations to QoS 
class are fi xed, SS with UGS class will incur less delay and better throughput. 
Students will be asked to reason about the values of parameters obtained and 
determine which SS is using UGS class.  

   Experiment 5: WiMAX as Backbone Technology : Assuming that at this stage the 
students have enough background about the working of WiMAX, they are made 
to learn how WiMAX can fi ll the role of backbone technology giving connectivity 
to Wi-Fi nodes. Scenarios of Fig.  3b  illustrate how WiMAX can provide con-
nectivity over a geographical area.  

   Table 1    List of experiments   

 No.  Experiment title  Learning outcomes 

 1.  Designing and confi guring WiMAX 
networks 

 (a) Learn how to design a WiMAX network 
with one/two BS and multiple SS 

 (b) Learn how SS interconnect with BS 
 (c) Learn how different SS can communicate 

among themselves in WiMAX operation 
 2.  Study support for various 

kinds of traffi c 
 (a) Learn WiMAX support for various 

application like the Web, video, FTP, etc. 
 (b) Learn the basics of WiMAX traffi c analysis 

 3.  Maximum throughput 
measurement 

    (a) To observe difference between maximum 
throughput obtained by SS at different 
locations 

 (b) Study the infl uence of physical parameters 
on modulation scheme selected by BS 

 4.  Quality of service measurement  (a) To measure QoS through the use of 
parameters like throughput and delay 

 (b) To identify which SS was confi gured 
to use services like UGS, rtPS, nrtPS, etc. 

 5.  WiMAX as backbone technology  (a) How WIMAX can be a solution 
to interconnectivity problem 

 (b) Observe the performance of each network 
in WiMAX environment 

 6.  WiMAX radio network planning  (a) Learn to plan a fi xed network using WiMAX 
 (b) Learn the basics of WiMAX coverage 

and planning 
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  Fig. 1    Design of sample scenario in Qualnet. ( a ) Picture of scenario. ( b ) Sample properties for 
base station       
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   Experiment 6: WiMAX Radio Network Planning : In this experiment, students are 
required to plan WiMAX networks covering the area of the whole campus or 
maybe city. Students will be required to begin the implementation of the planned 
network over multiple steps. They are provided with a geographical map includ-
ing buildings and are required to do a nominal planning by searching for the 
optimal BS locations and confi guring the BSs with appropriate parameters. They 
are required to generate performance plots in order to be able to propose enhance-
ments for WiMAX coverage plan.     

2.2     Lab Reports and Evaluation 

 All experiments performed and data collected during experiments will be submitted 
in the form of a lab report, and evaluation of students can be done on the basis of 
their understanding of the materials and identifi cation of issues in hands-on session, 
and the following questions can be asked:

•    What variation in delay was observed while using WiMAX as compared to Wi-Fi?  
•   Was there any difference in link capacities of SS placed at different distances 

from BS?  
•   Determine which SS was working with real-time and which on non-real-time 

data. How?  
•   Which traffi c class observed the highest and lowest throughput and why?  
•   Was WiMAX able to provide the minimum required throughput to all traffi c classes?  
•   Was the plan generated by the students good enough to provide coverage over the 

entire region?      

  Fig. 2    ( a ) Confi guring SS to generate different kinds of traffi c. ( b ) Mapping IP precedence fi eld 
to traffi c classes       
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3     Conclusion 

 This paper has proposed a one of a kind hands-on lab on WiMAX designed for a 
course in wireless and mobile networking. This paper is aimed to bridge the gap 
between academic curriculum and industry standards.    Since WiMAX is an ideal 
choice for telecommunication companies for providing high-speed wireless  network 
at affordable prices, a student is expected to be aware of this futuristic technology 
and this is just a tiny attempt in this direction. Although the experiments given in 
this paper are very comprehensive, still there is considerable space for improve-
ments.    First is the availability of simulators for students as the simulator proposed 

  Fig. 3    ( a ) Different SS generating different traffi c and placed at different distances from BS 
(Experiments 3). ( b ) WiMAX offering connectivity over defi ned geographical area (Experiment 5)       
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in this paper is proprietary and the availability of simulation tools designed for 
WiMAX mesh mode are major hindrances. The cost of WiMAX equipment and its 
connectivity in India is still an issue; therefore, the government shall step in and try 
to provide subsidy to the students opting for this new technology. There is a    need for 
enlightening and educating the faculty about this technology. Lastly, all WiMAX 
networks in India are commercial and their access is limited or not available for 
educational purposes; data from these commercial operators should then be shared 
for educational purposes so that students could get the feel of real-world situation.     
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    Abstract     This paper discusses details of the curricular reform effort to design an 
integrated learning experience in curriculum threads through mini-project in 
Electronics and Communication undergraduate. Traditionally, capstone projects 
because of their integrative nature are expected to provide an opportunity for the 
student to synthesize and demonstrate the learning that has happened across the 
program. Often it becomes diffi cult to choose problems for capstone projects that 
call for the application of the knowledge and skills acquired in all the curriculum 
threads. Mini-projects vertically integrated with each of the curriculum threads of 
the program are carried out by the students in the prefi nal year and provide an 
opportunity to integrate knowledge and skills acquired in a set of courses belonging 
to the curriculum thread to solve complex engineering problems. Introduction of 
mini-projects also provides suffi cient resolution to directly assess student learning 
outcomes in each of the curriculum thread. As these projects are carried out in 
teams, students are able to develop and demonstrate several professional 
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 competencies that are critical for engineering practice. The paper demonstrates that 
the theme-based mini-projects provide an integrated learning experience in a cur-
riculum thread and help to develop curriculum design and modifi cations.  

  Keywords     Student outcomes   •   ABET   •   OBE   •   Capstone   •   Curriculum design   • 
  Mini-projects   •   Tollgate courses   •   NBA  

1         Introduction 

 This paper provides details of creating an integrated learning experience within 
 curriculum threads using theme-based miniprojects. Typically capstone projects are 
used to provide an integrated learning experience. They also play signifi cant role in 
assessing technical and professional competencies attained by the students. By 
design, undergraduate engineering programs are broad in scope with two or three 
vertically integrated curriculum threads, which are largely independent. It is impor-
tant that the students get an opportunity to connect learning that has happened in var-
ious courses under a curriculum thread to solve complex engineering problems. The 
Department of Electronics and Communication Engineering introduced miniprojects 
in its undergraduate program to strengthen integration of learning in program verti-
cals. The themes of the mini-projects are carefully chosen by the department under-
graduate committee to ensure that students while carrying out these projects are 
required to integrate and apply the knowledge and skills learnt in sequence of courses 
belonging to a particular curriculum thread. Prior to capstone projects students are 
exposed to solving of unstructured, open-ended problems. Mini-project can act as 
tollgate course in the assessment of student outcomes and provide better resolution 
due to the use of themes, which helps in the curriculum design and modifi cations. 

 Often, the capstone projects done near the end of the program are used to 
 evaluate attainment of student outcomes a to k, in an outcome-based education 
framework proposed in ABET and NBA [ 1 – 3 ,  16 ,  17 ]. Though integrative in nature 
it is very diffi cult to design capstone projects to cover all the curriculum threads of 
the program and they can be used to initiate entrepreneurial and innovative think-
ing [ 4 ]. There are attempts to use open-ended experiments and design experiments 
to evaluate student learning in a group of courses [ 5 – 8 ]. It is diffi cult to design 
open-ended projects and design experiments to give an integrated experience cov-
ering curriculum thread. Few experiments are carried out to assess the student out-
comes using representative course of a group of courses called tollgate course 
[ 9 – 13 ]. There are few attempts in introducing mini-projects at earlier levels of the 
program to strengthen the outcome evaluation process [ 4 ,  5 ]. 

 Each of these methods has weaknesses if the primary objective is curriculum 
improvement. Author in [ 14 ] discusses the mini-projects for senior students as tool 
for curriculum modifi cations and improvement. Mini-projects can be a means for 
students to apply the learning from cluster of courses belonging to a curriculum 
thread and also act as evidence of student learning in that vertical like tollgate 
course. Attainment of student outcome in miniprojects provides better resolution 
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than capstone projects and can help to design and modify the curriculum. This paper 
presents details of mini-projects as a tool in providing integrated experience in the 
curriculum threads of ECE undergraduate program. 

 Paper demonstrates that theme-based mini-projects:

    1.    Provide integrated learning experience in a curriculum thread to the student prior 
to capstone project.   

   2.    Act as tollgate course to evaluate outcomes in a curriculum thread, which acts as 
an input to the continuous improvement of teaching learning process and the 
curriculum design and modifi cations.   

   3.    Help to develop and reinforce professional competencies that have not been suf-
fi ciently emphasized in the earlier courses.    

Section  2  discusses the ECE curriculum structure and framework for theme-based 
mini-projects. Assessment of mini-projects is provided in Sect.  3 . Impact of student 
learning and continuous improvement with curriculum design/modifi cations are 
described in Sect.  4 . Conclusions of the paper are given in Sect.  5 .  

2      Curriculum Threads and Framework of Miniprojects 

 Broad curricular components of ECE program are shown in Fig.  1a . The curricular 
components of the program are: (1) Basic science, Mathematics, Engineering, and 
Humanities, (2) Program Foundation Courses, (3) Program Verticals, (4) Integrated 
Experiences. As stated earlier in an undergraduate education program verticals or 
curriculum threads are largely independent. Hence, it is necessary that opportunities 
are created in curriculum to demonstrate and also to assess student learning in each 
of these verticals.

   Assessment of mini-projects provide, useful student, course and curriculum assess-
ment data, which are used as inputs for continuous curriculum improvement. There are 
several ways of carrying out course assessments like teacher/course evaluations, home-
work and test results, and minor, major exams. These methods do not provide any 
platform for assessing student’s capability to integrate his learning in different courses 

  Fig. 1    Theme-based mini-projects: ( a ) Curriculum structure with threads, ( b ) frame work of 
mini-projects       
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to solve  complex problems. Mini-projects can be of great help in overcoming this prob-
lem. The assessment data that is obtained in mini-projects at prefi nal year of the UG 
program can be used effectively for corrective actions. Hence, to facilitate continuous 
improvement in the curriculum, a need for early evaluation of integrated learning in 
program verticals prompted us to propose mini-projects at the prefi nal stage of UG 
program. Mini-projects are also used as tollgate courses to evaluate the learning in a 
group of subjects. The main objectives of the mini-projects are (1) to develop problem-
solving skills by applying and integrating the knowledge base acquired, (2) to learn 
modeling/design/develop prototype/algorithm for a solution, (3) to develop implemen-
tation skills and team interaction, and (4) to learn technical documentation and 
presentation. 

 In the academic year 2007–2008, mini-projects were introduced for the fi rst time 
in ECE curriculum; no themes were given to students. The spectrum of topics 
selected for projects was much wider and implementations were similar to minia-
ture version of capstone projects. The process followed did not ensure that all the 
students were able to demonstrate competency pertaining to a particular vertical 
which made assessment much more complicated. To overcome this problem in 
2009–2010 department came with an idea of fi xing themes for the mini-projects. 
The themes for the projects were chosen in such a way that the student will be able 
to integrate and apply the knowledge and skills learnt in a set of subjects belonging 
to a particular vertical to solve complex engineering problem. While choosing the 
themes inputs from employers and immediate graduates were taken to ensure that 
the experience student gains is relevant to industries. For example, following few 
themes that are defi ned for each of the verticals.

    1.    Embedded System: (i) Automotive, (ii) Assistive applications.   
   2.    Communication system: (i) Signal acquisition and processing, (ii) Information 

processing.   
   3.    VLSI: (i) FPGA implementation of applications, (ii) Digital VLSI, Analog 

VLSI, or mixed signal VLSI design.      

3      Assessment of Miniprojects 

 Student assessment consists of two components: (1) Continuous Internal Evaluation 
(CIE) and (2) Semester End Examination (SEE). Evaluation of CIE and SEE assess-
ment using predefi ned rubrics helps to know the attainment of student outcomes and 
also gives resolution to modify the curriculum. 

3.1     Assessment of CIE 

 The evaluation of CIE consists of four reviews and each review is conducted by the 
guide and a evaluation/review team (group of 3–4 faculty). The rubrics followed for 
the CIE evaluation are:
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•    Review-1: Identifi cation of the problem, understanding of professional ethics 
(copy right, plagiarism), problem defi nition and literature survey, identifying 
multiple solutions, selection of the optimal solution with justifi cations.  

•   Review-2: Distribution of work among team members by leader and team work, 
specifi cation and identifi cation of input and output, functional block diagram 
relating input and output, design on paper with listing of the required compo-
nents, simulation of the design using any EDA tool.  

•   Review-3: Detailed block diagram with all specifi cations/algorithm, integrating 
the functional blocks, debugging details, partial demonstration of results.  

•   Review-4: Hardware implementation, demonstration of results, analysis of results, 
report submission, paper presentations, awards, budget planning, and management.     

3.2      Assessment of SEE 

 Semester end examination (SEE) includes submission of the project report, demon-
stration of the mini-projects and viva-voce conducted by the external and internal 
examiner. Performance criteria or rubrics used for evaluation of SEE are (numbers 
inside the bracket represent the maximum percentage of marks for the SEE):

    1.     Problem statement (10) : understanding of the theme, coverage of subjects, prob-
lem defi nition, design approaches.   

   2.     Design methodology (15) : applying theoretical knowledge in solution paradigm, 
capability of integrating knowledge in the given solution, design specifi cations, 
and implementation methodologies.   

   3.     Demonstration of results and analysis (15) : Representation of results, analysis of 
results, comparison, and conclusion.   

   4.     Report presentation, viva/voce (10) : Outline fl ow of presentation, clarity, usage 
of language.    

Average performance of students in CIE for each of the reviews is shown in Fig.  2a . 
The performance is comparatively low in Review-1 and Review-4. The Review-1 data 
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  Fig. 2    Assessment of student outcomes: ( a ) average performance in each review in CIE ( b ) attain-
ment of student outcomes       

 

Creating an Integrated Learning Experience Within Curriculum Threads…



364

shows that student needs to improve skills in problem identifi cation, formulation, and 
conceptualization of alternative solutions. Further, student’s capability in hardware 
implementation and project management needs improvement as refl ected in the scores 
of Review-4. The assessment process is also related to program outcomes through 
assessment rubrics. The student’s performance is assessed by project guide and proj-
ect assessment committee independently using the assessment rubrics and average 
score for each of the outcomes is normalized on a scale of 1–10. Analysis of SEE 
evaluations and attainment of student outcomes is given in Fig.  2b  [ 15 ,  18 ].

4          Impact on Student Learning and Continuous 
Improvement 

 The perception of students about the impact of mini-projects on their learning is 
carried out through a survey. The survey questions are designed to understand how 
students perceive their performance in meeting each of the performance criterion 
specifi ed for the implementation of the project and they are:

   Q1. To develop problem-solving skills  
  Q2. To understand modeling of a problem into realizable blocks  
  Q3. Usage of learnt theory in solving a problem  
  Q4. Time management and implementation of the project  
  Q5. Learning programming skills, coding standards, and analysis of results  
  Q6. Ability to work in a team  
  Q7. To develop technical writing skills  
  Q8. To develop presentation skills   

Distribution of the survey questionnaire according to the performance criteria 
(Sect.  3.2 ) is:

    1.    Problem statement – 3 questions (1, 2, 3)   
   2.    Design Methodology – 2 questions (4, 6)   
   3.    Demonstration of results and analysis – 1 question (5)   
   4.    Report presentation and viva voce – 2 questions (7, 8)    

Figure  3  shows the result of the survey of mini-projects using eight survey questions 
covering the four performance criteria. The survey shows that students’ perception 
is not very good in Q3 and Q4. The student survey reinforces the student weakness 
in problem identifi cation, formulation, and conceptualization of alternative solu-
tions and also student’s capability in hardware implementation and project manage-
ment (Q4). Further, the survey brings out some of the weaknesses associated with 
design methodologies.

   Based upon the assessment data the department carried out following major improve-
ments in the curriculum to improve the student attainment of the program outcomes. The 
modifi cations address both the weakness identifi ed from qualitative analysis of attain-
ment of student outcomes as well as through perception of student and they are:
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    1.    Introduction of ‘Engineering Design’ course: Both the assessments have brought 
out the weakness of students in problem identifi cation, formulation, and concep-
tualization of alternate solutions. This is due to the fact that ECE students lack 
the exposure to engineering design process. The department designed and intro-
duced a core course on ‘Engineering Design’ at 4th semester level from the pres-
ent year. The course which is more of learning by doing takes the student through 
whole process of design.   

   2.    Department designed few modifi cations to the curriculum to address the problem 
associated with hardware implementation and project management and they are:

 –    Basic microcontroller course is introduced in IV semester in place of 
microprocessor.  

 –   State of art microcontroller like ARM is introduced in V semester in place of 
advanced microprocessors.  

 –   Embedded systems course is converted from elective to core course.         

5      Conclusions 

 This paper discussed details of the curricular reform effort to design an integrated 
learning experience in curriculum threads through mini-projects in undergraduate 
program. The paper demonstrated that mini-project can be vertically integrated 

  Fig. 3    Results of the survey of V semester mini-projects (2008–2012)       
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(demonstrated with embedded system) with each of the curriculum threads of the 
program and provide an opportunity to integrate knowledge and skills acquired in a 
set of courses belonging to the curriculum thread to solve complex engineering 
problems. The analysis of student attainment with evaluation rubrics and perception 
of the students using survey provided better resolution in evaluating student out-
comes. As these projects are carried out in teams, students are able to develop and 
demonstrate several professional competencies that are critical for engineering 
practice. The assessment of student outcomes and survey for different themes and 
verticals can be effectively used in curriculum modifi cations and continuous 
improvement. The main limitation of the paper is, at present the attainment of a–k 
outcomes is not provided. The rubrics defi ned in each review may be used to evalu-
ate the attainment of a–k outcomes.     
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    Abstract     Education brings about holistic development of an ‘individual’ and 
depends on learning, which is engendering changes in knowledge, skill, and attitude. 
Both education and learning are essentially subjective processes. The developmental 
goals and needs and ways to realize them differ with almost every individual. The 
modalities of acquiring knowledge, skill, and attitude also vary widely. Therefore, it 
is important to understand individuals in the realm of education and learning. While 
there are many possibilities, Learning Style that describes relatively stable prefer-
ences of students to receive and process information appears to be more appealing to 
understand students. There are umpteen number of learning style models and instru-
ments that are available. We surveyed them and zeroed on Felder–Soloman Index of 
Learning Styles (ILS). It is based on Felder and Silverman’s model and assesses 
preferences on four bipolar dimensions: Active–Refl ective, Sensing–Intuitive, 
Visual–Verbal, and Sequential–Global. The paper discusses our experience of using 
it in a variety of courses.  

  Keywords     Felder–Soloman index of learning styles   •   Liberal learning   
•   Fundamentals of computer programming   •   Software testing and quality assurance  

1         Introduction 

 Education helps develop an individual in every aspect of life. It allows him to real-
ize his full potential and contribute toward larger goals. It depends on learning, 
i.e., developing knowledge, skill, and attitude. It is important to realize that every 
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individual maintains his distinct identity in terms of development goals and poten-
tial and ways of learning. 

 The engineering education is unique in many ways. It is becoming increasingly 
complex across all branches from traditional civil engineering to new computer, 
space, and genetic engineering. The rising number of patents is making a wide 
range of new technologies available to engineers which are further adding to the 
complexities [ 1 ]. Richard Riley has beautifully articulated the current situation in 
the statement: “we are currently preparing (engineering) students for jobs that don’t 
exist using technologies that haven’t been invented in order to solve problems we 
don’t even know are problems yet.” While we cannot list technologies and problems, 
we certainly can prepare our students to learn to learn or lifelong learning   . We can 
leverage knowledge of learning preferences of individuals in the process. 

 While there are many possibilities to bring in such understanding, learning style 
appears to be more apt. There are close to 100 different learning style models that 
have been formulated, and instruments to assess preferences on some of those 
models are available either from open sources or from commercial vendors with 
millions of users accessing them each year. We surveyed various models and decided 
to use Felder–Soloman Index of Learning Styles (ILS) that has been developed by 
engineering educators. The model helps students identify their strengths, nature, 
and thought process of learning and also helps the faculty understand their students 
better and adopt appropriate pedagogical techniques. 

 Major contribution of the paper is to share our experience and utility of using the 
Felder–Soloman Index of Learning Style (ILS) in a variety of courses. Further, the 
paper shows that balance in the learning styles can be brought in during a semester 
using some innovative elements in a course. 

 The next section of the paper explains the Learning Styles and elaborates on the 
ILS. That is followed by our experience of using it on various courses. We then 
enlist our observations and provide concluding remarks and point out future scope 
for the study.  

2     Learning Styles 

 Learning styles are relatively stable preferences students have for ways of receiving 
and processing information. Hawk and Shah [ 2 ] claim that the use of learning style 
instruments should allow students and faculty to seek out the activities that are con-
ducive to more effective and deeper learning. The concept of learning styles also has 
detractors in the psychology community. Coffi eld et al. [ 3 ] studied 13 different 
models and asserted that in the current state of research-based knowledge about 
learning styles, there are real dangers in commending detailed strategies to practi-
tioners, because the theories and instruments are not useful. There is no consensus 
about the recommendations for practice too, they added. Pashler et al. [ 4 ] argue that 
very few studies have even used an experimental methodology capable of testing the 
validity of learning styles applied to education and the ones that have used to 
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contradict the popular meshing hypothesis according to which instruction is best 
 provided in a format that matches the preferences of the learner. 

 Felder [ 5 ] has made an interesting observation. He says that every 2 years or so, 
some academic psychologists conduct a literature review and conclude that no 
research supports the use of learning styles in teaching. Journal reviewers and editors 
treat this conclusion as a new revelation that once and for all debunks learning 
styles. These pronouncements, he has added, have never had the slightest effect on 
the world academic community’s extensive and continually growing use of learning 
styles models and assessment instruments, but that has never deterred others from 
repeating the exercise 2 years later. Felder [ 5 ] further points out that learning style 
instruments are neither infallible guides to student behavior nor made-up constructs 
that have no basis in reality. He opines that they are useful descriptions of common 
behavior patterns and have been used frequently and successfully to help teachers 
design effective instruction, help students understand their own learning processes 
better, and help both teachers and students realize that not everyone is like them and 
the differences are often worth celebrating. We have assessed learning styles of 
many students and found that they are used and appreciated by both students and 
teachers. 

2.1     Felder – Soloman Index of Learning Style (ILS) Instrument 

 We surveyed the available instruments and chose the (ILS) [ 6 ] for our class. 
It assesses preferences on four learning style dimensions on a model developed by 
Felder and Silverman [ 7 ]. The model defi nes learning style as “the characteristic 
strengths and preferences in the ways individuals take in and process information” 
and originated in the engineering discipline. The instrument is freely available for 
academic institutes and is very well documented. The lead author of the model and 
instrument, Prof Richard Felder, is an active researcher, is approachable, and is 
immensely helpful. 

 The Felder–Silverman model asserts that individuals have preferences along 
four bipolar dimensions: Active–Refl ective, Sensing–Intuitive, Visual–Verbal, and 
Sequential–Global. Active learners prefer doing things, particularly in groups. 
Refl ective learners work better alone, with time to think about the task before doing 
it. Sensing learners like facts, data, and experimentation and work well with detail. 
Intuitive learners prefer ideas and theories, particularly when they can grasp the new 
ideas. Verbal learners like to hear their information and engage in discussion, espe-
cially when they can speak and hear their own words. Visual learners like words, 
pictures, symbols, fl ow charts, diagrams, and reading books. Sequential learners 
prefer linear reasoning, step-by-step procedures, and material that come to them in 
a steady stream. Global learners are strong integrators and synthesizers, making 
intuitive discoveries and connections to see the overall system or pattern. Both 
innate personality traits and prior experiences can affect students’ preferences on 
each of those scales. 
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 The Index of Learning Styles provides scores showing the strengths of an 
 individual’s preference for one category or the other on each of the four dimensions. 
The instrument is a free, 44-item questionnaire [ 6 ] that requires choosing one of two 
options that focuses on some aspect of learning. The choices result in a score of 1, 
3, 5, 7, 9, or 11 for each of the preferred categories, with a 1 signifying a very slight 
preference for the category and an 11 a very strong one. 

 Felder and Spurlin [ 8 ] have cited various studies that support the reliability and 
validity of the ILS. Reliability is widely analyzed using Cronbach’s coeffi cient 
alpha, which is an average of all possible split pair correlations of responses to items 
assessing preferences on a particular scale. Tuckman [ 9 ] and Sekaran [ 10 ] propose 
a minimum alpha value of 0.5 for assessments of preferences such as those done by 
the ILS. Felder and Spurlin [ 8 ] have quoted four studies in which alpha for each of 
the four dimensions exceeded 0.5 except for one global–sequential value that fell 
slightly below it, indicating that the instrument has satisfactory internal consistency 
reliability, and other measurements have shown satisfactory test–retest reliability. 
Assessed preferences at 10 engineering institutes were found to be quite similar, 
with the subjects consistently being predominantly active, sensing, visual, and 
sequential. Only at one institute, a batch of students was found to be a little more 
global than sequential [ 8 ]. 

 While it is important that students establish balance in all the dimensions of 
learning styles, two dimensions are more important in engineering education – sens-
ing–intuition and global–sequential. It has been observed that precollege education 
tends to push people toward a sensing and sequential orientation. In order to be suc-
cessful professionally, engineering graduates must establish balance and develop 
intuitive and global preferences.   

3     Our Study 

 Our main goals are to enhance learning experience of every student and make them 
better lifelong learners. Toward that, in every course we assess learning styles and 
use a variety of pedagogical techniques. We are presenting our fi nding of three 
different courses – a fi rst year course on Fundamental of Computer Programming, 
a second year course on Liberal Learning, and a fi nal year course on Software 
Testing and Quality Assurance. 

3.1     Fundamental of Computer Programming (FCP) 

 This was a fi rst year course. The faculty found the students not responding well to 
his questions and assignments and not progressing satisfactorily. We then intro-
duced the faculty and students to the learning style concept. We administered the 
Index of Learning Styles (ILS) assessment to the students and are presenting the 
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results in Table  1 . The faculty made changes to the teaching style like introducing 
group assignments, providing holistic picture, leveraging more visual aids based on 
the assessment results. The steps brought in signifi cant improvement in the class 
performance.

   We carried out a survey – a month after the assessment – to ascertain effi cacy of 
the ILS by asking usage of the assessment results, benefi ts thereof, and their recom-
mendation to use the assessment in other classes. Their response is given in Table  2  
and was overwhelmingly positive. The faculty’s performance was appreciated by 
the students in a senate meeting.

3.2        Software Testing and Quality Assurance (STQA) 

 This fi nal year course provides an excellent platform for experimentation. Both test-
ing and quality assurance activities can be executed using both the polarities of all 
the dimensions especially sensing–intuitive and global–sequential. The course is a 
part of Software Engineering which is a young engineering discipline. In fact, some 
critics even do not recognize Software as an engineering discipline. These disagree-
ments provide a very good base for debate and opportunities to encourage thinking. 
We included many open-ended problems during the course and facilitated their 
solutions. Some open-ended problems were a part of open-book regular tests and 
the fi nal examination. The class was also assigned to write wiki articles, underwent 
a daylong innovation workshop, and used many active learning strategies. 

 We started by explaining fundamentals of learning and learning styles to the 
students and administered the ILS assessment and helped them interpret its results. 
At the end of the course, we carried out another assessment. We are presenting 
results of pre- and postassessments in Table  3 .

   At the middle of the semester, we carried out a survey in the class to ascertain 
effi cacy of the ILS by asking usage of the assessment results, benefi ts thereof, and 
their recommendation to use the assessment in other classes. Their response is given 
in Table  4  and was quite positive.

   Table 1    Summary of the ILS assessment of FCP class   

 ACT  REF  SNS  INT  VIS  VRB  SEQ  GLO 

 5.44  5.53  6.09  4.91  7.78  3.22  5.72  5.28 

   Table 2    Feedback of the ILS assessment of FCP class   

 Usage of the 
assessment results 

 Benefi ts 
thereof 

 Recommendation for carrying 
out assessment of other students 

 Absolutely   1  20  44 
 To some extent  64  43  21 
 Not at all   1   2   1 
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   At the end of the course, the students were asked if understanding of their learn-
ing styles has helped them to become a better learner using the 5-point Likert scale 
with 5 being strongly agree and 1 being strongly disagree. The question received an 
average of 4.3. The changes in various dimensions of the learning style are shown 
(Fig   s.  1 ,  2 ,  3 , and  4 ):

      We saw a noticeable pre-post shift from sensing toward intuition and from 
sequential to global styles. Paired t-tests indicated the pre-post change in the SNS- 
INT and SEQ-GLO average preference scores as statistically signifi cant ( p  = 0.004 

   Table 3    Summary of the ILS assessments of STQA class   

 ACT  REF  SNS  INT  VIS  VRB  SEQ  GLO 

 PRE  5.80  5.20  6.49  4.48  8.27  2.71  5.92  5.07 
 POST  6.10  5.50  5.86  5.49  8.60  5.50  5.16  5.50 

   Table 4    Feedback of the ILS assessment of STQA class   

 Usage of the 
assessment results 

 Benefi ts 
thereof 

 Recommendation for carrying 
out assessment of other students 

 Absolutely  14  18  29 
 To some extent  31  26  16 
 Not at all   3   4   3 

  Fig. 1    Changes in active–
refl ective dimension       

  Fig. 2    Changes in sensing–
intuitive dimension       
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and  p  = 0.002). We did not see statistically signifi cant change in the other two dimen-
sions. The course and faculty secured the best rating of 4.7/5 and received excellent 
qualitative comments.  

3.3     Liberal Learning Course (LLC) 

 We ran a liberal learning course for 328 second year students of noncircuit branches 
[ 11 ]. The primary goals of the course were to inculcate a lifelong learning process 
that helps students to extend knowledge base beyond engineering, appreciate the 
interplay of engineering with other disciplines, and make students better learners. 
The course did not have any contact hours in the timetable and expected students to 
learn the new topics on their own. Their awareness of learning style concepts and 
own assessment results was very useful for the students. We conducted an orienta-
tion class for all the students at the start of the semester and carried out the ILS 
assessments therein. We are presenting the results in Table  5 .

   At the end of the course we asked students to fi ll in the online feedback consist-
ing of two questions: (1) one thing that they liked about the course and (2) one 
thing they disliked. Total of 123 students responded. Figures  5  and  6  present the 
 consolidated feedback:

  Fig. 3    Changes in visual–
verbal dimension       

  Fig. 4    Changes in 
sequential–global dimension       
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    The students liked the course and its approach. Besides overall theme, they liked 
freedom offered to choose topics and knowledge/learning they gained out of the 
course. Interestingly, one third of the students who provided feedback did not dis-
like anything.   

  Fig. 5    One thing that students liked about the course       

  Fig. 6    One thing that students disliked about the course       

   Table 5    Summary of the ILS assessment of LLC class   

 ACT  REF  SNS  INT  VIS  VRB  SEQ  GLO 

 5.94  5.06  5.45  5.55  7.91  3.08  5.73  5.26 
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4     Concluding Remarks 

 We found that the ILS assessments can be very helpful, across three signifi cantly 
different courses. In these courses, we have essentially treated education and learn-
ing as an individualized self-discovery process and focused on lifelong learning 
skills. While we have added modern, enhanced, personalized, and current methods 
of teaching, we have maintained the subtlety that every student will learn and prog-
ress using a different trajectory. The students became aware of their preferences and 
became better learners. While most of the students expressed this thought, we are 
citing responses of a couple of students from their course-end feedback:

   Now I am pretty aware of environment which helps me improve my learning. 
My outlook toward studying has changed a lot and I also fi nd myself more 
confi dent.  

  Before knowing my learning styles, I used to study things without any interest, 
Knowing the styles has increased my interest and changed my thinking.    

 The summary of all the assessments is given in Table  6 .
   It is clear that most of the students across all the classes are highly visual. Barring 

LLC, we notice that students tend to be more sensing than intuitive. On sequential–
global dimension, students seem to be tilted toward sequential dimension. Except 
for FCP, students seem to prefer active learning. 

 In the case of STQA, between the PRE and POST assessments, we see clear 
shift toward Intuitive and Global polarities, the two critical ones for engineering 
profession. While use of Learning Styles is a reasonably well accepted learning 
aide, changes in the styles in a semester are not yet reported. We understand that 
we require fortifi cation of our claims and carry out more experiments on larger 
population covering different cultural and geographic settings but the initial results 
suggest that the approach has some merits and is worth exploring.     

  Acknowledgement   We would like to thank Prof. Richard Felder who helped us to understand 
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   Table 6    Summary of assessments of all the three courses   

 ACT  REF  SNS  INT  VIS  VRB  SEQ  GLO 

 FCP  5.44  5.53  6.09  4.91  7.78  3.22  5.72  5.28 
 LLC  5.94  5.06  5.45  5.55  7.91  3.08  5.73  5.26 
 STQA PRE  5.80  5.20  6.49  4.48  8.27  2.71  5.92  5.07 
 STQA POST  6.10  4.90  5.80  5.20  8.62  2.36  5.14  5.84 
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    Abstract     Theory of machine is an important course of mechanical engineering, 
which develops students’ ability of system and concept design. The concept design 
of mechanical motion is the most crucial part in mechanical engineering design that 
plays a vital role in developing students’ creative ability. In the teaching process of 
this course, kinematic kit and modern design tools are used to guide the students to 
realize the concepts and it is believed that this lays a solid foundation for under-
standing of design of machine elements course. Model building has been done using 
elements available in kinematic kit. At the end of the course, analysis was done to 
measure the effectiveness of students learning and it is found that physical construc-
tion of a model helped students to generate ideas and resulted in better visualization 
and understanding of mechanisms. This pedagogical practice also helped students 
to understand the concept of motion change by introducing different kinematic 
elements.  

  Keywords     Mechanisms   •   Kinematic kit   •   Modern tool  

1         Introduction 

 In theory of machine course, the concept design of motion is the most creative 
 content, in developing students’ ability to design. This course not only imparts pro-
fessional knowledge to students, but also develops problem solving and analyzing 
abilities among students [ 1 ,  2 ]. According to Jianguo [ 3 ], developing and improving 
students’ creative thinking ability is an important task in higher education reform. 

      Teaching Reform Through Model Building 
in Theory of Machine Course 
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For many years, traditional teaching method was adopted in teaching theory of 
machine course. Later, animated videos were shown to realize the working of mech-
anisms, which improved the level of understanding marginally. Further, we thought 
of providing hands-on experience to the students that could signifi cantly augment 
learning of the course. This paper brings up about developing students’ creative 
thinking ability through pedagogical practices such as building up of mechanisms, 
in learning the course. 

 Zhang Meilin [ 4 ] reported that knowledge development is a continuous iterative 
process which contains old knowledge, innovation, and new knowledge. 
Accordingly, teachers must constantly provide new knowledge to enable students to 
search for alternate methods to solve the problems. Kinematics of machines deals 
with the study of the relative motion of machine parts. It involves study of position, 
displacement, velocity, and acceleration of machine parts. Knowledge of motion 
and kinematic elements is important to build a mechanism. In teaching the theory of 
machine course, many of the concepts/mechanisms need to be explained in two- 
dimensional images. Students should have good imagination skill to understand 
these concepts. If students lack this imagination skill, then it is hard to imagine the 
movement of elements and force transmission through them. Use of visual aids 
enriches the student’s imagination and thus enhances understanding the concepts to 
some extent. For example, in the explanation of the planar linkage mechanism, it 
can be demonstrated by animation of dump truck, engine slider–crank mechanism, 
and so on. Further, in our institute students build the physical model of the same 
using a kinematic kit which provides hands-on experience. Its effect is often beyond 
the teacher’s expectation. The hands-on experience motivated students’ creative 
ability and desire to learn effectively.  

2     Course Project Through Model Building 

 Theory of Machines course is one of the essential courses of Mechanical Engineering 
undergraduate curriculum. Previously, this course was taught by traditional 
instruction- based pedagogy. In order to enhance the learning, this course is restruc-
tured on project-based learning approach. The purpose of course project in the 
 theory of machines course is to enhance the learning of basic principles. The lack of 
imagination ability in students to understand the kinematic mechanisms was the 
impetus for our investigation of model building as an instructional strategy. In addi-
tion, although previous researchers studying the kinematics have utilized sketches, 
drawings, verbal accounts, and written communications, no literature is available 
investigating whether hands-on model building can contribute to a better under-
standing of the kinematics of machines. In view of this, the present paper gives 
insight about whether a hands-on, model-building activity can contribute to students 
understanding of the course. The topic of course project was designed by the teacher. 
Students determine the kinematics motion parameters, draw kinematics diagram of 
the mechanisms, and then build physical models using kinematic kits shown in 
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Fig.  1 . To analyze the effectiveness of the course project, analysis was carried out. 
In the analysis, data from 150 mechanical engineering students was collected.

3        Methodology 

 It is not possible to view cognitive processes during a model-building task. Other 
way to know what students are thinking during a design task is to ask them. Course 
project analysis (CPA) was carried out to know about the process of development of 
solutions for a given problem. During CPA data collection, students are asked to 
think aloud while performing a task. Think aloud involved students thinking aloud 
when they are working on a course project. Students are asked to say whatever they 
are thinking and doing as they go about model building task. This enabled course 
instructor to observe the process of model building rather than looking only the fi nal 
product. From the course project analysis, we get insight into how they utilize 
 subject knowledge to develop a solution to the given problem. 

 A total of 30 groups were made out of 150 students and the objective of each 
group is to build a physical model of a mechanism to convert rotary motion into 
linear motion for an application. Use of elements in part A is compulsory and they 
use one or more elements from part B as given in Table  1 . Finally, they are required 
to simulate the localized mechanism using multibody dynamic software.

   The following procedure was followed in building a mechanism.

    1.    Initially students have to select the appropriate links and gear elements from part 
A and need to assemble them with element(s) selected from part B with the help 
of different supporting elements available in kinematic kit.   

   2.    Then, students need to check the feasibility of mechanism by giving input 
through motor. If they are unable to get the required results then add/remove few 
elements from the mechanism or change the combination of elements in order to 
get the required output as linear motion. This task was accomplished by using 

  Fig. 1    Kinematic kits       
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  Table 1    List of kinematic 
elements  

 Part-A  Part-B 

 1. Links (binary/slotted)  1. Cams 
 2. Gear trains (simple/

compound/reverted) 
 2.  Geneva mechanism 
 3. Coupling 
 4. Belt drive 
 5. Spring 

  Fig. 2    Students working in a group to develop a mechanism       

tools and methods dealt in theory classes. Once they get a required output, 
 demonstrate the physical model.   

   3.    After demonstrating the physical model, students make a complete velocity 
 analysis of kinematic links and calculate velocity ratio of gear trains used. Also 
calculate the mobility of mechanism in order to justify the number of inputs 
required to control the mechanism [ 5 ].   

   4.    Students simulate the localized mechanisms using multibody dynamic software 
ADAMS. Compute the velocity of the output link using relative velocity method 
and compare with ADAMS results [ 6 ].     

 Students working in a group to develop a mechanism for an application are 
shown in Fig.  2 . Physical models of the course projects are shown in Fig.  3 .

4         Assessment 

 Theory of machine course has a total of 100 marks, in which 50 marks is for 
Continuous Internal Evaluation (CIE). In the CIE, 40 % weightage, i.e., 20 marks 
was given to model building through course projects. For evaluation, the 20 marks 
are split as given in Table  2 .
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   Following questions have been asked and analyzed as feedback questionnaires

    1.    Use of kits has improved students participation in learning theory of machine 
course   

   2.    Use of kits helped the students in learning working of different mechanisms and 
motion concepts   

   3.    The course project has developed critical thinking ability among the students in 
building the mechanisms   

   4.    The course project has developed ability to work in teams and improved 
 presentation skill   

   5.    Better understanding of the course by the use of kits has helped to improve 
 performance in minor exams   

   6.    Co-relation of graphical and multibody simulation results of working models 
helped in better understanding of mechanisms.     

 The course project feedback analysis is shown in Fig.  4 . SA&A: strongly agree 
and agree, N: neutral, and D&SD: disagree and strongly disagree.

  Fig. 3    Physical models of the course projects. ( a ) Lifting mechanism model ( b ) Pulverizing and 
printing mechanism model       

  Table 2    Evaluation of course projects   Details  Marks 

 Development of mechanism for an 
application 

 10 

  (a) Only one output = 06 
  (b) Two outputs = 02 
  (c) More than two outputs = 02 
 Simulation using ADAMS  05 
 Analysis using relative velocity method  03 
 Report containing details as mentioned 

in methodology 
 02 

 Total  20 
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5        Conclusions 

 The methods and tools which were discussed in the theory are well demonstrated 
through model building in the course projects. This in turn helped students for the 
better learning of rudiments of the course. Students have justifi ed that motion- 
related problems are better structured through course projects. It also helped 
 students to expose and familiarize with team-based activities. The present course 
project addresses criterion (d), i.e., an ability to function on multidisciplinary teams 
and criterion (k), i.e., an ability to use the techniques, skills, and modern engineer-
ing tools necessary for engineering practice of ABET 3a–3k program outcomes. It 
also addresses the performance indicator of mechanical engineering department, 
i.e., MEPI (a)-2- An ability to apply laws of kinematics and dynamics. Finally with 
this course project the Blooms taxonomy level has increased from L3 to L4, i.e., 
apply to analyze.     
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Abstract Accreditation Board for Engineering and Technology (ABET) in its 
format has put a new spin on experimentation skills in engineering education. The 
National Board of Accreditation (NBA) in India has adopted the graduate attributes 
(GAs) in line with the program outcomes (POs) of ABET. Specifically, outcome 
(b) states that engineering graduates must have “an ability to design and conduct 
experiments, as well as to analyze and interpret data.” While the ability to conduct 
experiments, as well as the ability to analyze and interpret data has been addressed 
by traditional laboratory courses, the ability to design an experiment presents a new 
challenge for teachers and students alike. The paper first discusses steps involved in 
design and conduct of experiments and analysis and interpretation of data/results, 
then a general process for experimental design and finally, presents an example of 
how this process is used to teach design of engineering experiments in a postgraduate 
program. The students were made to work in laboratory on an open-ended experi-
mental design as a course project in addition to regular classroom activity. In the 
tutorial component of this course, students work through 7 multiweek modules that 
have been developed with a robust framework. Integrating design of experiments 
(DOE) into a course project builds teamwork, communication, and use of statistics 
in machining process in addition to enhancing the learning experience.
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1  Introduction

Accreditation Board for Engineering and Technology (ABET) in its format has put 
a new spin on experimentation skills in engineering education. The National Board 
of Accreditation (NBA) in India has adopted the graduate attributes (GAs) in line 
with the program outcomes (POs) of ABET. Specifically, outcome (b) states that 
engineering graduates must have “an ability to design and conduct experiments, as 
well as to analyze and interpret data.” While the ability to conduct experiments, as 
well as the ability to analyze and interpret data has been addressed by traditional 
laboratory courses, the ability to design an experiment presents a new challenge for 
teachers and students alike. The department has made several attempts to under-
stand the requirements of the outcome (b) so that our processes could be designed 
or redesigned to fulfill the requirements. This paper emphasizes our learning by 
way of first discussing the general process for experimental design followed by an 
example of how this process is used to teach design of engineering experiments in a 
postgraduate course.

2  Experimental Design Process

Inquiry-based learning as outlined in reference [1] provides a framework to under-
stand the process and the skills needed to design an engineering experiment. As we 
move from the ‘conduct’ type of experiments to student ‘design’ed experiments 
under the supervision of a teacher, the responsibility for the various tasks involved 
in doing so, gradually shifts from the teacher to the student. This is a very impor-
tant observation because research has shown that taking responsibility for one’s 
own learning is one of eight conditions that must be satisfied in order to master a 
task or subject matter [2]. It is also an essential condition for the development of 
students as lifelong learners. Hence, it must be understood that without an oppor-
tunity to take responsibility for the decisions about the various tasks of an experi-
ment, students cannot master the process of experimental design. The design of 
experiment concepts can be applied to one or more of the experimental and/or 
testing scenarios as described below that the students come across during their 
study of engineering.

• An experiment has to be conducted to verify the known relationship between two 
or more variables

• An experiment has to be conducted to establish the relationship between two or 
more variables which is unknown

• A test has to be conducted to confirm its meeting the design specifications for the 
newly developed product, before production.

The first two types of experiments are shared between engineering and all science. 
The third type is unique to engineering. Just like with the design of an engineering 
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product, it is desirable to have a general process that one can follow to design an 
experiment under any circumstances. This process can also serve as a tool for teach-
ing students experimental design. An attempt to create such a process involves seven 
steps. They are:

1. Define the goals and objectives of the experiment.
 2. Research any relevant theory and previously published data from similar 

experiments. The purpose of this step is to have an idea about what to expect 
from the experiment.

 3. Select the dependent and independent variable(s) to be measured.
 4. Select appropriate methods for measuring these variables.
 5. Choose appropriate equipment and instrumentation.
 6. Select the proper range of the independent variable(s).
 7. Determine an appropriate number of data points needed for each type of 

measurement.

Naturally, additional skills are needed to meet the other three components of 
outcome (b). For example, to conduct an experiment, an engineer should be able to:

• Familiarize himself/herself with the equipment.
• Calibrate the instruments to be used.
• Follow the proper procedure to collect the data and/or measure the performance 

of the product.

To analyze a set of experimental data an engineer should be able to:

• Carry out the necessary calculations.
• Perform an error analysis.
• Tabulate and plot the results using appropriate choice of variables and software.

Finally, to interpret the data an engineer should be able to:

• Make observations and draw conclusions regarding the variation of the parame-
ters involved.

• Compare with predictions from theory or design calculations and explain any 
discrepancies.

The following sections provide an example of how production management (PG) 
students of industrial and production engineering department at BVB College of 
Engineering and Technology (BVBCET), Hubli are taught experimental design. Our 
approach to educating students with regard to experimentation has evolved ever since 
our thought process started to meet the requirements of outcome (b). Prior to 2010,
all “experiments” used to be predefined measurement exercises. Since 2010, we have
begun to introduce open-ended experiments including a course project, where the 
definition, execution, and documentation of engineering experiment is left entirely 
up to the student. An example of a course project by one batch of students from the 
academic year 2012–2013 is summarized below in light of the seven-point frame-
work outlined above. The course provides students with the fundamental knowledge 
and principles in modern material removal processes. A physical understanding of 
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the machining processes including forces, power consumption,  temperatures, and 
other machinability aspects such as tool wear, tool life, and surface finish has been 
illustrated in this course. This core course consists of lecture (4 h/week) and tutorial 
(2 h/week), which includes course project. The modules developed in the course 
project of this course build teamwork, communication skills, and use of statistics and 
DOE in machining process along with the hands-on experience of the course.

3  Statistics and Design of Experiments

Statistics and DOE were cited as skills our industry personnel felt were weak in 
engineering graduates they were currently hiring. The employers also felt these 
skills were critical to a process engineer’s success. They emphasize statistics and 
DOE as two of the top skills needed for new college graduates to be hired as process 
engineers. There are frequently stand-alone classes on statistics and design of 
experiments. However, integrating the statistics and DOE directly into a laboratory 
class stemmed from a desire for the students to gain a more hands-on understanding 
of statistics. Six lab modules were designed to provide learning experiences in a 
range of basic topics in DOE and statistical analysis of data. Table 1 lists the mod-
ules and the schedule for a 14-week semester. The laboratory experiments are open
ended, where teams of students design their own experiments to answer given ques-
tions. The modules increase in complexity of the DOE and statistics covered as well 
as the experimental planning required of the students [3].

The first week of each lab module is reserved as a dry lab session. During this 
week, the fundamentals of the DOE or statistical analysis of data needed for that 
module are taught. Students gain mastery of these skills by working through given 
dry lab exercises (numerical problems related to machining process). Then as a 

Table 1 Modules used in course project

Course project module No. of weeks Schedule

Module 1: Dry lab session: overview of DOE and its importance  
in engineering applications.

01 7th week

Module 2: Dry lab exercises: analyzing the DOE principles  
through various numerical problems.

01 8th week

Module 3: Planning phase (Design of Three Factor Experiment): 
detail experimental plan for the course project, problem 
statement, execution, and documentation of the course project 
for each team.

01 9th week

Module 4: Conducting phase: performing the experiments  
as per experimental plan.

01 10th week

Module 5: Analyzing phase: analyze and interpret  
the experimental results.

02 11th and  
12th week

Module 6: Assessment phase: evaluation of students’ performance. 01 13th week

Each week of 2 h tutorial session
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team they design an experimental plan to be carried out in the following weeks. The 
plan should be based on a specific assigned question and generate the needed data 
to be analyzed according to that module’s DOE and statistics principles. The stu-
dents and faculty are provided with a list of learning objectives for the course. The 
list utilizes Bloom’s taxonomy and represents skills that can be assessed in the lab’s 
outcomes. They include technical skills on the theory and laboratory equipment as 
well as mastery of the DOE and statistical analysis of data principles. Table 2 lists 
the learning objectives for Module 4: Design of a Three Factor Experiment and 
Analysis of Variance as an example.

4  Module Contents

This course project is open ended, where teams of students design their own experi-
ments for work-tool and process parameter combinations to perform the analysis on 
various machinability aspects in turning process.

• The first module session is a dry lab session. During this week, the overview of 
DOE and statistical analysis of data needed for the course project is taught. For 
the current program of the same semester, simultaneously the students are 
already exposed to statistical experimental designs in the Robust Design course 
(Theory core course) for a period of 6 weeks from the beginning of the semester. 
Hence, the first module commences from the 7th week from the beginning of the 
semester and only 1 week is sufficient for this module as the students are already
exposed to practical exercises of DOE in Robust Design course.

• In the second module session, students gain mastery of skills by working through 
dry lab exercises by working numerical problems related to various engineering 
applications. The students begin to use the statistics and design of experiments 
they have been learning in the other modules to evaluate results from complex 
sample sets, that is multiple lots (runs) that each contain multiple samples to 
determine the variation within a process. In the dry-lab portion of the exercise, 

Table 2 Example of learning objectives used in module: design of a three factor experiment and 
analysis of variance

Sl. no. Learning objectives

1. Write clear objectives and statement of problem for an experiment.
2. Identify controllable and noncontrollable factors in an experimental setup.
3. Choose factors for ANOVA based on expected outcome.
4. Determine an appropriate level to be researched for factors.
5. Design an experiment using proper replication, randomization, and control of variables.
6. Develop a regression model to explore the effect of machining parameters.
7. Calculate F statistic to ascertain adequacy of the model.
8. Plot data of all the levels and factors to show variation between levels.
9. Organize technical information into a clear and concise formal laboratory report.
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students review the F-test and how it can be applied to multiple runs and  samples. 
Students then plan and carry out an experiment to statistically evaluate the 
repeatability of a process. Each team is assigned a machining process. They 
design a process flow through the equipment.

• The third module is the planning phase, which is the heart of the course project 
that gives opportunities for the students to develop the experimental design skills. 
The students of each team work out a detailed plan of experiments. Prior to 
beginning of the lab experiment, each team reviews the experimental plan with 
the course instructor, discusses the various aspects such as proper control of fac-
tors, measurement of expected outcome (machinability aspect), and time man-
agement to complete the experiments in allotted session with the lab instructor. 
During this week, students of each team write clear objectives and statement of 
the problem, identifying the factors (controllable variables) and responses 
(expected outcomes) in an experimental setup. Each team determines the appro-
priate levels (ranges) of the identified factors based on response, control, and 
precision of machine tool and measuring instrument and time constraints. Finally 
each student team is assigned the lab equipments as per the experimental plan 
and the specific goal to be investigated.

• Module 4 is the conducting phase, wherein each team carry out the experiments as 
per the experimental plan. In this session, the students learn overview of machining 
process and the measurement techniques of various machinability aspects. 
Teamwork and communication skills are broadly utilized in this class.

• In Module 5, DOE and statistics are directly integrated into the experimental 
results. Each student team constructs the mathematical model of the proposed 
outcome. The ANOVA is used to test the statistical adequacy of the developed 
model [4, 5]. The coefficient of multiple regression is determined to test the 
goodness of fit of the model. The developed model is then used to predict the 
proposed machinability aspect by substituting the values of process parame-
ters within the identified ranges. Two-factor interaction effects of process 
parameters are plotted for analyzing and interpretation of results using mod-
ern engineering tools/software. Students show final mastery of the concept by 
utilizing ANOVA in their final report to prove whether their variable was sta-
tistically significant.

• Module 6 is the assessment phase. The evaluation of each student team perfor-
mance is done through dry labs, development of experimental plans and manage-
ment of time in the experiments in the lab, communication of the experimental 
results through statistical analysis and also in the form of reports.

5  Case Study: Course Project

Example of students’ course projects carried out by postgraduate Production 
Management program is outlined below.
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 (a) Goal and objectives of the course project: Machinability analysis in turning for a 
specified work–tool combination to explore the effects of process parameters.

 (b) Research on literatures: Each team investigated various sources of information 
such as internet sources, published research articles on machinability aspects, 
visit to local suppliers for the availability of work and tool materials, reference 
of machine tool design data handbook, etc.

 (c) Selection of materials, machine tool, and measuring instrument: After investi-
gating various sources of information along the way of designing the experi-
ment, the following were selected.

• Machine tool: Conventional centre lathe (Machine shop at BVBCET, Hubli)
• Work material: Stainless steel (SS 316)
• Tool material: Cemented carbide (K10)
• Measuring equipment: Tool dynamometer for measurement of cutting forces 

in turning (Machine shop at BVBCET, Hubli)

 (d) Identifying the turning process variables: The key variables selected were

• Independent variables (Factors): Cutting speed, feed, and depth of cut
• Dependent variables (Responses): Machining force (for Team 1); Cutting

power (for Team 2); Specific cutting pressure (for Team 3).

 (e) Selection of levels for the factors: The ranges of the identified process parame-
ters were chosen based on the range of speeds and feeds available in conven-
tional lathe and data available on machine tool design handbook. The proposed 
parameters are kept as wide as possible to obtain the variation in the response 
parameters. Table 3 presents the machining parameters and their levels selected 
in the current course project.

 (f) Developing the experimental plan: Based on 3 levels, 3 factors, design of a 3 level 
full factorial experiment has been selected which involves 27 experiments. The 
experimental layout plan for the current course project is presented in Table 4.

(g) Experimental details: The experiments were carried out in 30 mm diameter and
100 mm length SS316 workpieces using cemented carbide tool (K10) without
coolant. The strain gauge type tool dynamometer was used to measure the vari-
ous forces, namely, cutting force (Fc), thrust force (Ft), and radial force (Fr). 
The machinability is assessed through:

 
Machining force m c f d, F F F F= + +2 2 2

 
(1)

Table 3 Machining parameters and their levels

Parameter (factor) Level

Cutting speed, v (m/min) 34 51 68
Feed, f (mm/rev) 0.05 0.125 0.16
Depth of cut, d (mm) 0.5 1 1.5
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 Cutting power c, P F v=  (2)

 
Specific cuttingpressure s

c,
*

K
F

f d
=

 
(3)

The computed values of machining force (Fm), cutting power (P), and spe-
cific cutting pressure (Ks) are summarized in Table 4.

 (h) Analysis of experimental results through DOE: It involves the following steps:

• Development of mathematical models: The second order mathematical models 
have been developed to explore the effects of three process parameters, namely, 
cutting speed (v), feed rate (f), and depth of cut (d) on three responses, machining 
force (Fm), cutting power (P), and specific cutting force (Ks). The mathematical 
model for three factors considering the two factor interactions is given by

Table 4 Experimental design and machinability aspects

Trial no.

Experimental design

Fm (N) P (W) Ks (MPa)v (m/min) f (mm/rev) d (mm)

1. 34 0.05 0.5 410.26 177.89 12,556.80
2. 34 0.125 0.5 387.84 205.68 5,807.52
3. 34 0.16 0.5 421.94 227.92 5,027.63
4. 51 0.05 0.5 321.94 208.46 9,810.00
5. 51 0.125 0.5 367.84 291.85 5,493.60
6. 51 0.16 0.5 434.97 358.56 5,272.88
7. 68 0.05 0.5 308.04 300.19 10,594.80
8. 68 0.125 0.5 399.45 433.60 6,121.44
9. 68 0.16 0.5 434.09 478.07 5,272.88
10. 34 0.05 1.0 436.19 227.92 8044.20
11. 34 0.125 1.0 674.90 378.01 5,336.64
12. 34 0.16 1.0 719.62 405.81 4,475.81
13. 51 0.05 1.0 387.09 316.86 7,455.60
14. 51 0.125 1.0 713.98 600.37 5,650.56
15. 51 0.16 1.0 775.73 650.40 4,782.38
16. 68 0.05 1.0 407.91 433.60 7,651.80
17. 68 0.125 1.0 699.54 778.26 5,493.60
18. 68 0.16 1.0 763.92 844.97 4,659.75
19. 34 0.05 1.5 548.66 277.95 6,540.00
20. 34 0.125 1.5 1,010.48 539.22 5,075.04
21. 34 0.16 1.5 1102.92 600.37 4,414.50
22. 51 0.05 1.5 657.64 483.63 7,586.40
23. 51 0.125 1.5 1224.56 942.25 5,912.16
24. 51 0.16 1.5 1,325.77 1,033.97 5,068.50
25. 68 0.05 1.5 583.18 589.25 6,932.40
26. 68 0.125 1.5 1,112.39 1,189.63 5,598.24
27. 68 0.16 1.5 1,203.56 1,267.45 4,659.75
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 Y b b v b f b d b vf b vd b fd b v b f b d= + + + + + + + + +0 1 2 3 12 13 23 11
2

22
2

33
2

 (4)

where, Y: desired response and b0,… b33: regression coefficients to be determined 
for each response. Each team determined the regression coefficients using modern 
engineering tool/software.

• Adequacy of the model was tested by each team through ANOVA and R2; the 
results are summarized in Table 5.

 (i) Interpretation of the experimental results through DOE: The machinability 
characteristic was analyzed by each team through developed prediction model 
by generating the plots considering two parameters at a time while keeping 
third parameter at center level. Figures 1, 2, and 3 exhibit the plots of interac-
tion effects of process parameters on machinability for various teams. The 
variation tendency for each of the characteristics has also been analyzed and 
results were interpreted.

Table 5 Summary of ANOVA for proposed machinability models and R2

#

Sum of squares Degrees of freedom Mean square

F-ratio R2Regression Residual Regression Residual Regression Residual

Fm 2,456,224 49,937 9 17 272,914 2,937 92.91* 0.98
P 2,384,949 31,487 9 17 264,994 1,852 143.07* 0.99
Ks 95,585,775 7,472,151 9 17 10,620,642 439,538 24.16* 0.93

*Significant at 99 % confidence interval
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6  Conclusions

Student response to the project has been extremely positive and majority of students 
enjoy working on the project. By its nature, the project lends itself to a more involved 
discussion of the concepts as they are presented. The concepts no longer exist as 
isolated cases, but rather are parts of a whole. Six modules were designed for a 
course project in Analysis of Machining Processes Theory core course of PG pro-
gram in Production Management. The main aim of this course project is to give 
students an opportunity for developing experimental design skills and then integrate 
DOE into machining process. Students were divided in teams and were required to 
design and implement an open-ended problem. Open-ended problems have a role to 
play in enhancing learning in most of the laboratory experiments in UG program 
and show a path toward research for the students of PG program.
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    Abstract     The laboratories play a signifi cant role in the professional career of 
 engineers. They strengthen the concepts learnt by the students in the classroom   . 
Data Structure (DS) laboratory course in 2nd year of undergraduate Computer 
Science and Engineering aims to think logically to develop good programming 
skills by considering real-time applications. DS laboratory course has impact on 
learning of courses in higher semesters. 

 The paper presents  S ample,  U se DS,  C hoose DS, and  C hoose Problem ( SUCC ) 
tool kit to describe the activities for different categories’ like demonstration, 
 exercises, structured enquiry, and open-ended experiments. The platform required 
to conduct the laboratory and usage of data structure for a given application is 
achieved through Sample and Use DS activities, respectively. Choose DS experi-
ments focus on recognizing the suitable data structure for a given application. 
Depending on the data structure given, the students identify a suitable problem and 
implement as Choose application. These activities enhance the ability to identify 
and defi ne data structure and problem formulation and design a program. The SUCC 
tool kit is compared with traditional method and study shows the higher learning 
curve in students. The SUCC tool activities are also analyzed and results show that 
90 % of students are successfully able to use and choose DS in implementation of 
different applications.  
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1         Introduction 

 Engineering is a profession of practicing. It is a hands-on profession where the 
buzzword is ‘doing.’ The overall goal of engineering education is to prepare the 
students to practice engineering that can be obtained in laboratories, an integral part 
of engineering curriculum [ 1 ]. According to a Chinese proverb “Tell me and I’ll 
forget; show me and I may remember; involve me and I’ll understand.” Therefore, 
laboratories play a vital role in acquiring the practical knowledge. 

 The laboratory courses in Computer Science and Engineering discipline are 
designed to focus on Software Development. The choice of data structure impacts 
the effi ciency of software development process. Therefore, Data Structure labora-
tory course is a foundation for the students to apply the appropriate data structure in 
software design. It is a base for follow-up courses like Operating System, Computer 
Networks, Web applications, Compiling Principles, etc. and also a necessary sub-
ject for interviewing employee. The challenges faced by students in dealing with 
this course are the selection of suitable data structure for a given application, devel-
oping logic to solve a problem, following coding standards, and write syntactically 
correct program. To address these challenges, authors propose novel activities to 
conduct DS laboratory (lab). 

 The activity-based conduction of laboratory increases the learning ability more 
than 90 % according to [ 2 ]. The authors propose SUCC tool to conduct the DS lab 
course according to the structure given by [ 3 ]. The Sample activity focuses on 
instruction of basics for the laboratory. In this activity, the course instructors 
 demonstrate an open source software tool like Code::Blocks [ 4 ], which is used to 
implement DS experiments based on advanced concepts of C language. In Use DS 
activity students implement an application based on the given DS. The Choose DS 
activity requires the students to identify the suitable DS for given applications. The 
Choose Problem encourages the students to formulate the problems for a given 
specifi c DS. Thus SUCC tool motivates the students to implement the application 
by using appropriate DS. 

 The article is systemized in the following sections: Section  2  narrates the survey 
of conduction of DS laboratory course. The proposed tool SUCC is explained in 
Sect.  3  along with evaluation process. The student feedback analysis is presented in 
Sect.  4 . The conclusion and future work are revealed in Sect.  5 .  

2      Literature Survey 

 Data Structures is a foundation course for Computer Science and Engineering 
students. A laboratory course associated with theory makes the students conceptu-
ally strong and also enhances their programming skills. Following are some of the 
contributions toward conducting the course. 
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 Ramon Lawrence [ 5 ] proposes a project-based learning for data structure course 
on the idea of competitive programming. Competitive programming motivates stu-
dent learning by allowing students to evaluate and improve their programs through-
out an assignment by competing their code against instructor-defi ned code and the 
code of other students in a tournament environment. 

 Wanggen Li et al. [ 6 ] describe the study of linear data structure in DNA  computer, 
which can help to improve the application capability of DNA computer. The stack 
and queue are considered as an example to design and implement double- stranded 
DNA molecules. Data structure can help to organize the information processed by 
DNA computer correctly and effi ciently, and make DNA computer available for 
practical application. 

 Shuling Di et al. [ 7 ] opined that some modes like project description, application- 
based teaching contents such as open teaching, tutor system, scientifi c research, 
programming contest motivate the students’ will, ability of self-directed learning, 
and innovation ability. 

 Liu Chengxia et al. [ 8 ] coined a new reformed experiment teaching methods of 
data structure. After completion of each chapter a case study is given for a group of 
students possessing different abilities. Once the task is completed, the students pres-
ent the results to the tutor. With this the student’s study positivity is stimulated or in 
other words the quality and the effi ciency of study are improved greatly. 

 Ping Zhang et al. [ 9 ] introduced a group cooperation model. The model is to 
conduct teaching activities by dividing students into several groups according to 
factors like teaching contents, students’ capabilities, and preprepared knowledge. In 
group teaching, students can conduct group discussions about the thought provok-
ing questions, make complementary remarks, and perfect their opinions. In group 
experiments, tasks assigned by teachers need students’ clear division of work, 
mutual cooperation, related material consultation, and programming. Group coop-
eration model cannot only solve the diffi cult problem of class teaching in accor-
dance with students’ various levels, but also create very good learning environment 
for students’ cooperative study. 

 Sujatha et al. [ 10 ] describe the new approach for teaching the data structure lab 
course, which focuses on active learning, ability of learning data structure concepts, 
applying them to solve the real-world problems, formulate the problem, and imple-
ment the solution using programming skills. The lab exercises are designed based 
on data structures topics such as stack, queues, lists, binary trees, and few algorithm 
design techniques such as divide and conquer and dynamic programming. All the 
exercises are open ended of level 3, where the problem, ways and means, and 
answers are open. In other words, the problem statement, algorithm, or solutions are 
not known, but only the concept is given to the students. This motivated them to 
think of applying the suitable data structures in different courses of their curriculum 
and also in other domains or fi elds. 

 The proposed SUCC tool focuses on activity-based learning of Data Structure 
lab course and it is discussed in the next section.  
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3      Proposed Work 

 Data Structure laboratory is a second year course where the experiments are con-
ducted using C programming language. The Course Learning Objectives are set as 
following:

•    Implement standard data structures like stack, queues, lists, and trees.  
•   Choose appropriate data structure to effectively model the information in a given 

problem statement.  
•   Demonstrate testing and debugging skills using standard data structures.   

The stated objectives of the laboratory are to expose the students for demon-
strating the basic operations of different data structures, to choose suitable data 
structure for a given application, to formulate a suitable problem for a given 
data structure thereby enhancing the programming, debugging, and testing 
abilities. 

 Structure of the lab plan includes different categories such as demonstration, 
exercise, structured enquiry, and open-ended experiments [ 3 ]. SUCC tool is used to 
conduct experiments under these categories as explained in Sect.  3.1 . 

3.1      SUCC Tool Kit 

 The SUCC tool kit is used to conduct the activities in the laboratory. The tool 
 operates as follows: 

  Sample 

 To start the course, the learners need to learn the basics which are achieved 
through this activity. The fi rst 2 weeks of the laboratory are used to conduct dem-
onstration experiments [ 3 ] by the course instructor. The students are introduced 
to the open source software tool Code::Blocks [ 4 ], coding standards to be fol-
lowed throughout the semester, and few sample C programs using this tool. There 
is no weightage of marks given for this phase. The goal of this phase is to make 
the students aware of the importance of the coding standards and Code::Blocks 
tool.  

  Example 

 Defi ne a structure called CRICKET that includes the following information: 
player name, team name, batting average. Using CRICKET declare an array 
 player  with 50 elements and write a program to read the information about all the 
50 players and print a team wise list containing names of players with their batting 
average.  
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  Use DS 

 A set of exercises are given to students wherein they have to demonstrate the basic 
operations of the various data structures like stack, queues, linked list, trees. They 
do these exercises by writing program for the given application and executing the 
same by applying all the standards demonstrated in Sample activity. This phase 
emphasizes on sound knowledge of usage of all the data structures and their appli-
cations. These exercises enhance the programming, testing, and debugging skills. 
This activity illustrates exercise category [ 3 ] of experiments.  

  Example 

     Part I : Perform the following primitive operations using singly linked list for 
Employee information:

   Insert Item at end of list, Display the list content and free all the nodes      

    Part II : For the above problem add the following operations

   1.    Delete the employee record that is at the end.   
  2.    Find sum of annual expenditure on all employees.   
  3.    Display all the Employee information whose salary is less than 10,000.    

       Choose DS 

 This activity is conducted by giving a set of applications. Each student has to 
 identify the suitable data structure for the given application, write C program, and 
execute the same by applying the knowledge gained in activity Sample & Use 
DS. The students instead of simply presenting a solution, they must justify the suit-
ability of DS for a given application. The objective is to choose appropriate data 
structures to effectively model the information in a problem. This activity enhances 
the thinking ability in the students. Choose DS is used to conduct structured enquiry 
[ 3 ] experiments.  

  Example 

 Write a C program to simulate a simple multiuser computer system as follows. 
Each user has a unique ID and wishes to perform a number of transactions on the 
 computer. However, only one transaction may be processed by the computer at 
any given time. Each input line represents a single user and contains the users ID 
 followed by a starting time as a series of integers representing the duration of each 
of the transaction. The input is sorted by increasing starting time, and all times 
and durations are in seconds. Assume that the user does not request time for a 
transaction until the previous transaction is complete and that the computer 
accepts transaction on a fi rst come fi rst serve basis. The program should simulate 
the system and print a message containing the users ID and the time whenever a 
transaction begins and ends. At the end of the simulation, it should print the 
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average waiting time for a transaction. Use appropriate data structure to mold the 
information given in the above problem.  

  Choose Problem 

 This activity includes the student to formulate a problem which suits the given data 
structure. This task makes use of all the concepts educated in the above activities. 
The learner presents a solution with justifi cation. The solution is to identify a prob-
lem using given data structure, recognize the functional requirements, write a C 
code, and execute the same. This activity makes the students to think creatively and 
apply the depth knowledge of usage of data structures. Choose Problem demon-
strates open-ended experiment [ 3 ].  

  Example 

 Following are the some of the sample applications for given DS.

    1.    Circular doubly linked list

•    Simulation of slide show of photos.  
•   Simulation of web pages.  
•   Flipping of Adobe reader pages.      

   2.    Singly linear linked list

•    Simulation of ticket reservation  
•   Simulation of Common Entrance Test for seat allotment  
•   Simulation of group discussion         

 The exercises conducted as a part of this course meet all the objectives that are set 
before the commencement of the semester as given in the beginning of this section. 
Figure  1  shows the overview of SUCC tool to attain the desired outcomes. The lab 
assignments are carried out in four phases. In each phase a different activity is con-
ducted and the skills gained in the previous phases turn out to be the inputs to pro-
vide the solution in the next phase.  

3.2     Implementation 

 The laboratory is conducted as a set of 10 slots. Each slot is 3 h in length. Table  1  
depicts the systematic approach to implementation of SUCC tool.

   In these lab slots, the students work individually. The goal of Use DS activity is 
to introduce the students to different data structures such that they are comfortable 
with them and gain confi dence in their own abilities. Hence more weightage is given 
for Use DS activity. The Choose DS and Choose Problem activities are based on 
applying and analyzing the concepts of DS, so the weightage is not as much of Use 
DS activity. 
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 The assessment rubrics for the SUCC tool activities as a part of Continuous 
Internal Evaluation (CIE) are given in Table  2 . The Program Outcomes (POs) such 
as applying engineering knowledge (a), identifying the required solution (b), design 
and implement program (c), which are set by the Computer Science and Engineering 
department of authors’ institute based on Graduate Attributes (GAs) are given in 
[ 11 ]. Table  2  also shows the mapping of rubrics to POs.

4          Result Analysis 

 The traditional approach of conducting DS lab is based on implementing a given 
problem for a specifi c DS. So this approach does not ensure identifying and apply-
ing suitable DS for real-world applications in students. This method also lacks in 
enhancing the ability of learners to identify the suitable problem for a given DS. The 
proposed SUCC tool kit activities are designed to incorporate the defi ciency of 
 traditional approach. Figure  2  depicts the comparison study of these two methods of 
strength around 160 students. The traditional approach is followed in the previous 

  Fig. 1    Outcomes of SUCC tool kit       

 Slot no.  Demonstration of activity 
 Weightage of marks 
(in %) 

 1–2  Sample activity  0 
 3–8  Use DS activity  75 
 9  Choose DS activity  13 
 10  Choose problem activity  12 

  Table 1    Organization 
of activities  
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academic year 2012–2013, where 73 % of students have scored higher grades (S, A, 
B, C) and 10 % of student are unable to clear the course. SUCC tool kit is used in 
the current year 2013–2014, where 87 % of students have scored higher grades and 
4 % of students are unable to clear the course. The practice of SUCC tool shows the 
higher learning curve.

    The SUCC tool activities are also analyzed based on the feedback taken from the 
students of strength around 70. Analysis is categorized according to the SUCC tool 
activities as explained in the further part of this section. 

  Fig. 2    Comparison study of traditional approach and SUCC tool kit       

    Table 2    Assessment rubrics and POs   

 Sl. no.  Description  Marks  PO mapped 

  I    Write up (04)  
  Abstract data type (ADT)/identify DS/formulate problem (2)   a 

 1.  Data defi nition, identifi cation of all required prototypes/correct 
DS identifi ed/identify suitable problem 

 2  b 

 2.  No ADT/incorrect DS/not suitable problem  0 
  Program write up (2)   a 

 1.  Logically and syntactically correct program  2 
 2.  Syntactically incorrect program  1 
 3.  Logically incorrect  1 
 4.  No write up/incorrect program  0 
  II    Execution (06)   a, c 
 1.  Execution for all possible legitimate inputs  6 
 2.  Execution for basic operations and two operations  4–5 
 3.  Execution for basic operations  2–3 
 4.  Logical error  1 
 5.  No execution/execution of irrelevant program  0 

  Total    10  
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 Since Sample activity is a demonstration activity and has no weightage, analysis 
is not considered. In the following graphs, X-axis represents the feedback question 
numbers and Y-axis shows number of students. 

 Use DS activity is analyzed based on 1–4 questions depicting the usage of DS, 
improvement of programming and debugging skills, objective of each assignment, 
correlation of theory and lab assignments, respectively. According to the analysis in 
Fig.  3a , 92 % of the students are favored the proper usage of DS in writing the pro-
gram by this activity.

   Choose DS activity is analyzed using feedback questions 5–7 representing 
 identifying suitable DS, improvement in thinking ability and effort needed for prep-
aration, respectively. According to the Fig.  3b  analysis, 90 % of the students are able 
to choose appropriate DS by applying the skills developed in the Use DS activity. 

 Choose Problem activity is analyzed with the feedback question 8–10 which 
illustrate the formulation of problem spontaneously, innovative thinking, and 
enhancement in self-learning, respectively. Figure  3c  shows that 90 % of the  students 
are able to choose problems spontaneously for a given DS.  

5      Conclusion 

 Conduction of DS lab at the 2nd year of undergraduation is really a challenge for 
course instructor. Identifying data structure for a problem and vice versa is an 
issue to be addressed. The proposed SUCC tool in this article is one of the 
approaches to overcome this. The skills developed in each activity will turn out to 
be the input to the next activity to achieve the outcomes like applying DS knowl-
edge, identifying the required solution, design, and implement program. The anal-
ysis results also depict the improvement in these skills. The comparison study of 
SUCC tool kit with traditional method shows that higher grades obtained by stu-
dents are increased by 14 %. Since any programming lab in Computer Science 
and Engineering curriculum follows the steps specifi ed in this article, SUCC tool 
can be applied to conduct these labs. Any activity-based learning requires active 
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coordination between the timing of the lectures and the timing of the laboratories. 
Few extra hours of teaching are needed to implement SUCC tool.     
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    Abstract     The paper discusses the Open End Activity (OEA) initiated in the 
computer graphics laboratory course. The course includes assignments on basic 
concepts such as 2D/3D object creation, clipping, transformation, and open-ended 
experiments. The open end means no protocols to execute the task. The students 
are given the openness to choose the problem statement in computer graphics 
area. The different areas in which the open-ended experiments explored are gam-
ing, simulation, and animation, such as car race game, story animation, and wire-
less network simulation. OEA is used to conduct open-ended experiments. It is a 
group activity, which is carried out by different teams. The activity is conducted 
in four different phases such as problem identifi cation, design, implementation, 
and uploading video to the Internet. The rubric-based assessment is followed to 
evaluate the open-ended activity. OpenGL, an open source library, is used for the 
implementation of the assignments/open-ended experiments. 

 The OEA induces the students to develop problem identifi cation, problem- 
solving skills, independent and creative thinking, willingness to explore new ideas, 
self-learning, and teamwork experiences. The authors’ observations indicate that 
the open-ended experiments achieve a, c, g, and k Program Outcomes (POs) of 
ABET. The results show that the average attainment of these POs is 7.6 on the scale 
of 10.  

  Keywords     Open-ended experiment   •   Texture mapping   •   OpenGL   •   Animation  
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1         Introduction 

 Nowadays, the educationalists have begun to question the traditional, or “cookbook,” 
method of learning in the engineering fi eld. The traditional laboratory (lab) activi-
ties are characterized by high degree of memorization. The students in these labs 
retain little of what they learn and have diffi culty in applying what they know. To 
overcome the drawback of traditional rote learning, the authors explore activity- 
based learning in the computer graphics lab [ 1 ]. 

 Computer graphics (CG) is one of the most exciting and rapidly growing fi elds in 
computer science. It has become common element in user interfaces, virtual reality, 
data visualization, television commercials, motion pictures, medical fi eld, fi ne arts, 
and many other applications. The CG applications have changed the way of using 
technology by the society. The computer gaming industry is one of the major indus-
tries that depends on CG and currently its annual turnover is an order of magnitude 
greater than the whole of the fi lm industry [ 2 ]. The user interface based on CG has 
contributed tremendously for the growth of computer industry. Hence, CG is one of 
the important courses in the computer science and engineering curriculum. 

 The challenges in learning CG are representing real-world objects or system in 
the coordinate system, imagination of building the object, and obtaining a realistic 
view of the objects. These issues encourage the authors to implement an 
innovative OEA. 

 All these activities were implemented using openGL [ 3 ], which is an open- 
source library that is supported on every gaming platform including Mac, Windows, 
Linux, and iPhone. Popular applications which are using openGL as renderer are 
Adobe Photoshop CS3, 3D Studio Max, Autodesk Maya, Google Earth, SAP2000, 
and Scilab. 

 The OEA is experimented for three successive batches. The fi rst batch uses tex-
ture mapping and second batch applies imaging operation along with texture map-
ping. Along with these concepts, third batch uses the feature of importing the 3D 
objects, which are created using other tools like 3D MAX. Thus, the percentage of 
openness is increased in the successive batches to motivate the students. 

 The paper is organized in the following sections. Section  2  deals with literature 
survey of conducting computer graphics lab. The proposed OEA description and 
implementation is discussed in Sect.  3 . The analysis of this activity is presented in 
Sect.  4 . The article is concluded in Sect.  5 .  

2      Literature Survey 

 Several innovations have been tried during the recent years in teaching computer 
graphics [ 4 ]. Some of the innovations are described in the further part of the section. 
Two themes of computer graphics, namely, computer-generated color and com-
puter-generated visualization, are used while teaching an interdisciplinary 
course‚“Creativity and Technology” [ 5 ]. The authors have used an educational 
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software tool SIMBA for teaching CG using breadth-fi rst approach. This approach 
enhanced students’ understanding and the relevance of the topic. 

 In [ 6 ] the authors focus on the use of new tools to improve the learning of 
CG. The authors have explored the union of two areas: the educational strategy 
named Problem-Based Learning (PBL) and the use of Interactive Embodied 
Pedagogical Agents (IEPAs) for education and training tasks. They have explored 
usage of Maxine, a script-directed engine for the management and visualization of 
3D virtual worlds. The learning process becomes highly interactive and fl exible 
using their method. 

 In [ 7 ], the authors have used Microsoft XNA as a development platform to teach 
CG for game development. XNA is a collection of tools from Microsoft designed to 
ease the burden on game programmers by offering built-in functionality commonly 
used in games. According to the authors‚ any game programming course needs to 
include programming, software engineering, algorithms, and computer graphics. They 
found that successful completion of projects increased the students’ confi dence. 

 In [ 8 ], the authors explain the approach followed at the University of Lisbon for 
teaching CG. The authors opine that CG is far from being restricted to 3D graphics, 
no matter their increasing importance today.  

3      Proposed Work 

 The open-ended experiments pose several challenges to the learners in identifying 
the problem and implementing the real-world scenario. However, the advantages of 
these experiments are multifold, such as:

•    Provide a forum for students to express creative ideas.  
•   Encourage students to be open-minded when analyzing and solving most real- 

life engineering problems which have multiple solutions.  
•   Give students an opportunity to work in a team environment and apply the con-

cepts learnt in the classroom.    

 Thus, these issues inspire the authors to conduct OEA. The further subsection 
discusses the objectives, implementation, and assessment strategy of OEA. 

3.1     Objectives of OEA 

 The OEA focuses on enhancing the self-learning ability of the students. The students’ 
perception about CG lab course is different from practicality. Considering these 
issues, the authors propose OEA with the following objectives:

•    Perform animation of the objects.  
•   Explore texture mapping techniques to provide realistic view of the scene.  
•   Position and orient the camera using openGL [ 9 ].  
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•   Explore the imaging operations.  
•   Importing 3D objects from other tools like MAYA.  
•   Improve thinking ability, communication skills and work together in a team.     

3.2     Implementation 

 The authors recommend conducting some basic experiments on the creation of 
2D/3D graphics primitives, transformations of 2D/3D objects, and application of 
lighting/shading effects for the objects and parallel/perspective projections, to 
prepare the students to implement open-ended experiments. Table  1  illustrates some 
of the sample 2D/3D assignments and Table  2  depicts the sample assignments on 
texture mapping.

    Along with these experiments, course instructor can motivate the students to do 
various assignments on these concepts. These assignments create awareness about 
the coordinate system in students and improve their programming skills. All these 
assignments provided the platform for the students to take up the OEA. 

 Thirty-six batches, each batch comprising four students, are involved in OEA. 
The activity is conducted in four different phases such as problem identifi cation, 

   Table 1    Assignment on 2D and 3D objects creation   

 2D objects assigned  Implemented model  3D objects assigned  Implemented model 

            
            

   Table 2    Assignments on texture mapping   

 3D objects assigned 
for texture mapping  Implemented model 

 3D objects assigned 
for texture mapping  Implemented model 
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design, implementation, and uploading video to the Internet. The explanation of 
these phases is given below:

•    In the fi rst phase, students are intimated to identify a minimum of three different 
problem statements on various applications such as social issues, story animation, 
games and computer science concepts, etc. All the batches have presented the 
identifi ed problems. The course instructors have directed to continue with the 
better one based on feasibility, innovativeness, and ability of the batch.  

•   In the design phase, the students are expected to show the identifi ed 2D/3D 
objects, data structures, and defi nition of ADT (Abstract Data Type).  

•   In the third phase, students are expected to demonstrate the transformations 
applied, various camera positioning, user interface, importing objects from other 
tools, and basic operations of animation.  

•   In the last phase, students are supposed to show the complete implementation of 
the open-ended experiments along with uploading the video to a website like 
youtube.com [ 10 – 15 ].     

3.3     Assessment Strategy 

 The authors have used rubric-based assessment for the evaluation of OEA. The 
weight age given for the lab assignment is 50 % and for the OEA is 50 %. Table  3  
summarizes the rubrics used for this activity. The observation is that after being 

aware of the rubrics defi ned, the students start improving their animation models.  
 The effectives of the OEA activity and lab assignments are analyzed in the next 

section   

   Table 3    Rubric-based assessment of the OEA   

 Problem identifi cation 
phase (7 M) 

 Design phase 
(6 M) 

 Implementation 
phase I (7 M) 

 Implementation 
phase II (10 M) 

 1. Problem 
identifi cation 
(04 M) 

 2D/3D object 
creation 
(2 M) 

 Appropriate 
transformations 
applied (3 M) 

 Texture mapping 
(2 M) 

  If the problem suits 
the emerging trends 
and appropriate 
objects chosen for 
animation (3–4 M) 

 ADT/data 
structure 
used (2 M) 

 Camera position 
(2 M) 

 Lighting/shading 
(2 M) 

  If the problem suits 
the emerging trends 
and without proper 
objects chosen for 
animation (0–2 M) 

 Animation 
(2 M) 

 User interface 
(2 M) 

 Video of the 
animation along 
with the 
explanation of the 
openGL concepts 
used (2 M) 

 2. Presentation (03 M)  Uploading the video 
(4 M) 
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4      Result Analysis 

 The Program Outcomes (POs) enlighten the skills developed by the students in 
curriculum. ABET a–k [ 16 ] specifi es a to k outcomes for the program. In this 
section, the authors narrate the outcomes achieved by OEA in teaching CG. 

 To perform open-ended experiments, students start exploring tools like Blender, 
an open source tool; Photoshop for editing the images; and languages like C# and 
WebGL. Video of the animation is created using the open source tool, Camtasia 
Studio. Thus, OEA induces a lot of self-learning among the students. 

 The student performance in implementation of OEA is illustrated in Fig.  1 . The 
score in Figs.  1  and  2  is in a scale of 10. As the implementation process proceeds, 
students are more comfortable in implementing the models. On an average more 
than 75 % of the students successfully implemented the chosen models.

    Table  4  shows the achievement of POs through different activities conducted by the 
authors in CG lab. Through the activities specifi ed in Table  4 , the authors have 

  Fig. 1    Analysis of OEA implementation       

  Fig. 2    Attainment of POs       

   Table 4    Mapping of the POs   Transformation  a, c 
 Imaging  k 
 OEA  a, c, g, k 
 Texture mapping  k 
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attempted to address ABET EC 2000 outcomes a, c, g, and k. These are now consid-
ered important outcomes of an engineering education. OEA addresses more outcomes 
compared to other activities. Hence, OEA helps to improve the basic concepts of CG, 
designing aspects, communication skills, and usage of open source tools.

   The attainment of POs a, c, g, and k is shown in Fig.  2 . The different activities 
conducted by the authors strongly improved the basics of CG and component design 
aspects. The learning of open source tools by the students is almost 80 %. 

 The students have developed games, operating system concepts, networking 
scenarios, moral stories, etc. Table  5  shows screenshots of the sample experiments 
conducted through OEA.

Fig. 3 Story animation using point cloud technique Fig. 4 Handoff management, importing 3DMAX 
object.

Fig. 5 Maze game using basic primitive spheres Fig. 6 WBAN animation importing,‘.obj‘ objects.

       Table 5    Sample screenshots of open-ended experiments       
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   The animation of the story “Hare and Tortoise” is implemented as a part of the 
OEA. A point cloud is used as shown in Fig.  3 , to represent the object hare as well 
as the tortoise. The objects lane, tree, moon, mountain and the fl ag are created using 
openGL built-in functions. The concept of double buffering is explored in the exper-
iment to get smoother animation. 

 The handoff management animation is shown in the Fig.  4 . The car shown is a 
3D MAX object imported in openGL [ 10 ]. The pyramid primitive is used to repre-
sent the base station. The ground is texture mapped with the grass image. The cam-
era position could be changed to get the aerial view of the screen. Soft hand over and 
hard hand over are illustrated by animation. 

 The maze game is implemented using openGL [ 17 ]. The user has to fi nd the path 
from the start point to the end point using the arrow as user interface as shown in 
Fig.  5 . The background is collection of spheres arranged to represent a maze. As the 
user traces the path with arrow keys a red sphere appears on the path. 

 The animation of the wireless body area network is shown in Fig.  6 . The human 
in the fi gure is an imported “.obj” fi le into the openGL program. Texture mapping 
is applied to represent the mobile. Tweak Bar is used as the interface to change the 
attributes like color, camera position and lighting effects.  

5      Conclusion 

 The    conduction of OEA in the CG lab encourages the students to utilize higher- 
order thinking skills, creativity, innovation, and usage of open source tools. Also 
cooperative learning and teamwork are achieved through OEA. The four phases in 
the implementation of OEA have helped the students to understand the goals of this 
activity. An open source tool, used by the students, enlightens the suitability of the 
tool depending on the context. For example, they fi nd that graphical user interface 
forms can be created with much ease using C# and WebGL. Thus, the active learn-
ing that happened through OEA is intrinsically motivating and engaging. 

 The different activities such as OEA help to achieve the POs a, c, g, and k. The 
analysis given by the authors depict the effective learning of open source tools 
through OEA. Applying the basic concepts, formulating the problems, programming, 
and communication skills are also improved among the students with OEA.     
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    Abstract     In this work, we attempt to leverage technology in the conventional 
teaching methods, to result in improved teaching–learning process. The improved 
teaching–learning process happens due to the shift from an input-based education 
system to outcome-based education (OBE) system. In an OBE system, the focus is 
on the learning by the student, and is measured by the competencies/skills devel-
oped by the student at the end of every course, and contributes to the overall attain-
ment of skills at the time of graduation. The National Board of Accreditation (NBA) 
has specifi ed through the Graduate Attributes (GAs), the abilities every engineering 
graduate needs to have acquired. The usual delivery methods in a course are lecture, 
tutorial, and laboratory. We discuss possible modifi cations in these traditional teach-
ing methods by leveraging technology and include another self-study component. 
Every delivery method is discussed with the GAs being addressed. The methods are 
general and may be incorporated in any course.  

  Keywords     Outcome-based education   •   Delivery methods   •   Graduate attributes  

1         Introduction 

 Outcome-Based Education (OBE) is penetrating the Engineering Education system 
at an increasing pace. Today, every activity, every course, is measured by the 
Outcomes being addressed. The outcomes of a program are the set of competencies 

      Leveraging Technology in Outcome-Based 
Education 

                B.     Kanmani      and     K.     Mallikharjuna     Babu    

        B.   Kanmani      (*)
  Department of Telecommunication Engineering ,  BMS College of Engineering , 
  Bangalore 560019 ,  Karnataka ,  India   
 e-mail: bkanmani.tce@bmsce.ac.in; bkanmani@rediffmail.com  

    K.  M.   Babu  
     BMS College of Engineering ,   Bull Temple Road, Bangalore 560019 ,  Karnataka ,  India   
 e-mail: principal@bmsce.ac.in; drkmbabu@gmail.com  

mailto:bkanmani.tce@bmsce.ac.in
mailto:bkanmani@rediffmail.com
mailto:principal@bmsce.ac.in
mailto:drkmbabu@gmail.com


416

acquired by the student at the time of completion of the program. The broad 
guidelines for desired competencies are defi ned by the accreditation bodies [ 1 – 4 ]. 
The National Board of Accreditation (NBA), the accreditation body for India, has 
defi ned the desirable competencies through the 12 Graduate Attributes (GAs) [ 1 ]. 
Figure  1  gives the 12 graduate attributes of the NBA represented by their key words. 
It can be observed that GA1–GA4 develops the application of basic science/
engineering concepts to solve, design, analyze systems/subsystems in the core 
 engineering domain. These attributes are usually addressed by a signifi cant number 
of courses in a curriculum. GA5 deals with the competency to use a modern engi-
neering tool, and this component is addressed by the laboratory component of the 
curriculum. GA6 and GA7 develop the awareness, concern, and responsibility 
toward health, society, and environment. GA8 emphasizes the importance of abiding 
by professional ethics, and the student is introduced to the norms of professional 
practice. GA9 measures the ability to perform as an individual/as a member of a 
diverse team. This attribute helps develop the competency to respect diverse  cultures 
and perform in diverse teams, and thus prepares the skills necessary to pursue a 
professional career. GA10 emphasizes the need for effective communication, both 
with the engineering community and nonengineering community. GA11 takes the 
student through the norms of planning and implementing a project. GA12 attempts to 
measure the ability to engage in independent learning and the desire to continuously 
upgrade the knowledge.

   An OBE system of education designs a curriculum comprising a set of courses 
[ 1 – 5 ]. Each course has a specifi c Course Outcomes (COs), each of which addresses 

  Fig. 1    The twelve graduate attributes (GAs) represented by their key words       
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one or more GAs through the Program Outcomes (POs). The POs are aligned to the 
GAs and are specifi c to a program. The COs are sometimes known as the Student 
Outcomes (SOs). Through the courses of the curriculum, the student at the end of 
the program needs to have acquired all the GAs. Given the content for a course, it is 
possible to design the COs, the delivery methods, and assessment tools for each of 
the COs, so that a larger number of POs/GAs are addressed. In this work we present 
some possible delivery methods that can contribute to improved learning abilities of 
the student and hence leading to an effective implementation of OBE system of 
education. In the next section, we discuss some delivery methods, and how technol-
ogy can be leveraged into every delivery method.  

2     Delivery Methods 

 Various delivery methods through formal allocation of credits are given in Fig.  2 . 
We now discuss each of these formal delivery methods, and how including some 
additional changes leads to an increase in the outcomes addressed by a course. The 
methods suggested are general and be incorporated in any course.

2.1       Lecture 

 Lecture has been an accepted and essential form of delivery method since many 
years. Let us consider a teaching–learning environment that existed few centu-
ries ago. The teacher used a ‘chalk,’ delivered the ‘talk’; students listened, and 
got evaluated and were fi nally declared as having gained knowledge. In this 
age-old classroom environment, if students ‘spoke,’ they were punished, it was 
treated as indiscipline, if he could not reproduce he was considered incompetent 
to study/learn. Now this was the teaching–learning process centuries ago. It is 
surprising to note that the then education system could not identify the genius, 
the innovative  talent present in scientists like Albert Einstein or Thomas Alva 
Edison, during their early schooling. There are many more great personalities 
who have achieved signifi cant success in their life time and yet were individuals 

  Fig. 2    The possible delivery methods in a course through credit allocation       
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who miserably failed in the then educational platform. Some pictures of class-
rooms, some years ago is given in Fig.  3 .

   How, has time changed this classroom environment? Accessories that have found 
place in the classroom today are: the white board, the computer, the LCD projector, 
the digital board, the tablets, digital television, the video-conference facility. But, 
surprisingly, this invasion of new learning aids has not brought about change in the 
classroom environment. The evolution of teaching aids is given in Fig.  4 . Maybe we 
have the blackboard being been replaced by the white board, the chalk being 
replaced by the marker pen, maybe in addition we have an audio system, we have 
the LCD projector, maybe we have facility to put a video, etc. But still the fl ow of 
knowledge is from teacher to student. We still maintain the ‘no talking,’ ‘no discus-
sion,’ ‘no eating,’ ‘no laughing,’ disciplined environment. This model of wisdom 
fl owing from teacher to student in the class in a strict constrained environment calls 
for a change, as, today, technology has penetrated into the classroom, without 
changing the student–teacher relationship.

   Lecture continues to be an essential and accepted method of teaching. This 
 conventional form of teaching helps in addressing GA1 to GA4, where there is an 
attempt to apply knowledge of basic science and basic engineering concepts to the 
course. Technology helps in improved teaching, in effective teaching and the lecture 
form of teaching will continue to exit. By including other forms of delivery methods, 
we can improve the teaching–learning process.  

  Fig. 3    Classrooms during the fi fteenth, seventeenth, and the eighteenth century [ 6 – 8 ]       

  Fig. 4    The evolution of learning aids [ 9 ]       
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2.2     Tutorial 

 Tutorial is another component of the teaching–learning process, and it usually 
involves solution to problems with partial guidance by the course instructor in the 
classroom. This delivery method once again is likely to address GA1 to GA4. 
Usually, the tutorial session is included after delivery of lectures related to the con-
cept. The number of students per teacher in a tutorial session is less compared to 
that of a regular classroom, and hence the student gets necessary guidance in 
attempting to solve the problem. 

 This conventional form of regular teaching in a classroom, followed by tutorial 
sessions in the classroom, can be attempted using the ‘ Flipped Classroom ’ [ 10 ]. 
Flipped classroom model is one that delivers instruction at home through interac-
tive, teacher-created videos and moves “homework” to the classroom. This model is 
presently gaining wide acceptance, as the student has the freedom of listening to a 
lecture in the home. In this model, the typical ‘classwork’ happens at home and the 
typical ‘homework’ happens in the class. The student listens to the class lecture 
available as a video at home, and in the classroom, the course instructor can have a 
quick recap of the concepts and proceed with the tutorial session. The tutorial 
 sessions now become effective and lead to effi cient utilization of time and enables 
addressing higher order GAs like GA3 and GA4. This delivery method can be intro-
duced in signifi cant courses. It can be observed that we are leveraging technology 
into the conventional tutorial method of course delivery.  

2.3     Laboratory 

 This laboratory component in the teaching–learning process involves ‘hands-on’ 
experience. The signifi cance of the laboratory component has been expressed, as 
long ago as 451 B.C., by Confucius, “What I hear, I Forget; What I see, I Remember; 
but What I do, I Understand.” His words are better represented by the learning pyra-
mid Fig.  5 , which shows that ‘listening to a lecture’ results in just 5 % of learning, 
while ‘reading’ leads to 10 % learning. Demonstration enhances the learning to 

  Fig. 5    Confucius, the person 
behind the learning pyramid 
[ 11 ,  12 ]       
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30 %; however, ‘Doing’ results in learning of as high as 75 %. Hence, there is a need 
to increase the laboratory component in the curriculum.

   The laboratory component can be included through ‘Hands-on’ experiments 
conducted in the laboratory. Sometimes it is also possible to conduct experiments 
on a simulation platform through ‘simulation tools,’ like programming environ-
ments based on C/C++/Matlab/Mathematica/LabVIEW. While some simulation 
platforms are ‘Open-Source’ and have free access, others provide wonderful pro-
gramming environment but with exorbitant costs. Hence, there exists a wide range 
of simulation platforms, and choice may depend on application and other deciding 
factors. This delivery method addresses GA5 and GA9, as the student performs 
experiments using a ‘Modern Tool’ as an individual or as a member of a team. 
Usually, the student performs a fi xed set of experiments, as designed by the teacher, 
and under the guidance of the teacher. A small modifi cation to the usually practiced 
existing laboratory course model is to introduce ONE experiment as a self-designed 
experiment by the student in addition to the usual fi xed set of experiments. The 
 self- designed experiment may be conducted under the guidance and with prior 
approval of the course instructor. This miniscule modifi cation introduces in the 
 student the ability to formulate, design, implement, demonstrate, and document the 
process, without any additional investment from the institution. Hence introduction 
of ‘Open-Ended’ experiment addresses GA1, GA2, GA3, GA4, GA5, GA9, GA10, 
and GA12. Today, technology has brought laboratory into the home, through the 
initiative of Ministry of Human Resource Development (MHRD) project Under the 
National Mission on Education through ICT (  www.vlab.co.in    ), wherein the student 
can perform an experiment through remote login in the virtual labs. Most of the IITs 
are part of this initiative and have made available state-of-the-art labs to students 
across the county through use of technology.  

2.4     Leveraging Technology 

 The next delivery method is the component that attempts to leverage technology in 
the delivery methods of a course [ 13 – 15 ]. Today technology has made available 
videos on various concepts in mathematics, physics, and chemistry. Taking cue 
from here and combining the fact that most students today possess a mobile with 
an inbuilt camera, the student may be asked to prepare a ‘Video’ on the topic 
assigned by the teacher or as decided by the student, with prior consent of the 
course instructor. Offi cially permitting the usage of the mobile phones for develop-
ing a video/ audio presentation, helps develop soft skills in the student, in addition 
to the technical skill development. Allowing the student to bring out his hidden 
priced possession and do an assignment, completely transforms the class, and 
tremendously increasing the learning percentage. It can be observed that including 
this delivery method addresses GA8, GA10, GA11, and GA12. It can be seen that 
in this model, we are moving away from the conventional classroom environment. 
Technology leverage can also occur through the student taking up Massive Open 
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Online Course (MOOC), through independent selection by the student or based 
on recommendations by the course instructor. Effective MOOC can become a part 
of the course through introducing a suitable assessment tool. This delivery method 
develops the ability of the student to engage in independent learning, and hence 
addresses GA12.   

3     Conclusion 

 The attempt in this paper is to present few different delivery methods for a course. 
All the methods presented are general and can be included in any course. Most 
methods do not call for additional investment in space or time or fi nance. It includes 
small changes within the classroom and increases the number of GAs addressed 
by the course. We have proposed different delivery methods in an OBE system. 
It  cannot be mentioned which model is the best model, as it depends on the course, 
the teacher, the infrastructure available in the college. A good model may be one 
which introduces all the above methods in small proportions in different courses.     
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    Abstract     This paper discusses development of project-based ‘product design and 
realization’ course for undergraduate students. The course offered at an early stage 
of the curriculum is aimed at providing engineering design and product realization 
skills to the students. Creating an appropriate learning experience in product design 
is challenging owing to its multidisciplinary nature. An innovative multidisciplinary 
design-to-realization approach is adopted in this course and student teams are 
required to design and build working prototypes for predefi ned products. This course 
brings a new perspective to the multidisciplinary approach to teaching product 
design. Introduction of project-based design experience at an early level provides 
students with an opportunity to develop capabilities to design complex systems in 
the future. Further, this approach facilitates meeting challenging requirements of 
several ABET-based educational outcomes: technical as well as professional.  

  Keywords     Multidisciplinary approach   •   Experiential learning   •   Engineering 
education   •   Product design   •   ABET outcome  
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1         Introduction 

 This paper addresses the development of product design and realization (PDR) course 
offered as an open elective to pre-fi nal year undergraduate students from engineering 
disciplines of Electrical and Mechanical Sciences. Product design is a complex process 
requiring a cross-functional team consisting of design engineers from different engi-
neering disciplines. An experience of multidisciplinary nature usually presents itself 
during the professional career after graduation. To create such a learning experience at 
undergraduate level is a challenging task. Approaches to address the interdisciplinary 
challenge are presented in [ 1 – 3 ]. Attempts have been made at the post graduate level 
[ 4 ] with students from different disciplines. The Department of Electronics and 
Communication and Department of Automation and Robotics made an effort to design 
and deliver a course that allows the undergraduate student to experience the complete 
product design and realization process, working in a multidisciplinary environment. 

 The primary objectives of PDR course are: the student should be able to (1) 
design multidisciplinary projects culminating in a fi nished product, (2) engage in a 
systematic approach towards design, (3) develop a new product or improve an 
existing product. The students undergoing this course will also be well placed to 
explore the possibilities of entrepreneurial ventures, since they would be well 
equipped to handle all the aspects of product design and realization. 

 The scope of PDR in providing integrated learning experience in the undergraduate 
program is presented here and makes the following main contributions.

•    The PDR course is designed to provide experience of ‘product’ using multidisci-
plinary teams at the undergraduate level.  

•   The course delivery uses innovative pedagogical approaches and they are

 –    Processes of reverse engineering, user survey, need analysis, conceptual design 
and advanced tool learning are integrated into student training to provide a 
hands-on experience before the student initiates the process of PDR.  

 –   Sample case studies are facilitated by the course instructor to provide experi-
ential learning.  

 –   Interactions with local entrepreneurs at their design and production facilities 
are organized to provide real exposure to the PDR process.     

•   Attainment of student outcomes, in particular outcome (e   ), assessed using con-
tinuous review process by an expert review committee comprised of faculty from 
the disciplines of both mechanical and electrical engineering sciences, is used for 
continuous improvement of the teaching–learning process.   

In Sect.  2  the curriculum design process is illustrated that meets the course objec-
tives. The pedagogical practices used in the course delivery and rubrics used for 
assessing student learning are discussed in detail. Section  3  illustrates the evaluation 
of the course and Sect.  4  lists the steps taken for continuous improvement. The con-
clusion is presented in Sect.  5 .  
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2      Curriculum Design and Course Delivery 

 The process of curriculum design began by acknowledging the need for experience 
of product design at an undergraduate level, followed by interaction with prominent 
academicians and industry personnel. An evaluation of gaps in the skill sets of the 
graduate engineers was done, and an effort was made to address the issues. The 
conventional design fl ow using isolated disciplines/teams would result in increased 
product design life cycle thereby delaying the fi nal product/prototype. It is impor-
tant that in this course students become aware of the problems in optimizing the 
concurrent design processes involving coordination of the multidisciplinary techni-
cal functions of design to improve productivity. An innovative multidisciplinary 
design-to-realization approach is adopted in this course and student teams are 
required to design and build working prototypes for predefi ned products. 

 The entire course spanned 6 weeks during the summer vacation for the student. 
The fi rst 2weeks comprised of:

•    Interactive lecture sessions on product design process and basics of engineering design  
•   Active learning sessions on relevant topics of product design: Reverse engineering, 

User survey, Need analysis, Product planning, CAD tool usage, open-source tools  
•   Case studies incorporating idea generation, conceptual design, detailed design 

and prototype verifi cation  
•   All assignments carried out as group activity involving teams made up of stu-

dents from diverse engineering disciplines  
•   Industry visit to enable interaction with entrepreneurs and get acquainted with state-

of-the-art industrial production equipments and product design and development  
•   Interactive sessions on 3-D printing for prototyping   

The teams consisting of two students from electrical sciences and two students from 
mechanical sciences background were formed to ensure that each team has skill sets 
from both the disciplines. The products to be designed were carefully chosen to 
enhance the experiential learning process, rather than implementation of hi-tech 
products. The two products given for the student teams to choose from were:

    1.    Remote control for elderly people   
   2.    Position sensitive Musical Toy    

The institutions adopting the Outcome Based Education framework in engineering 
education are accredited worldwide as per ABET engineering criteria 2000 (EC 
2000) [ 5 ] and as per new NBA accreditation in India [ 6 ]. Often, the capstone proj-
ects are used to evaluate student attainment of technical and professional outcomes 
[ 7 ]. Due to the integrative and multidisciplinary nature, the course helps the student 
to attain few of the challenging program outcomes specifi ed by ABET. The pro-
grams can also use this course as a tollgate course to assess attainment of student 
outcomes by using proper assessment rubrics. The design process of a remote con-
trol for elderly people is presented here as a case study. 

Multidisciplinary Approach to Product Design and Realization
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2.1     Case Study of Remote Control for Elderly 

2.1.1     Need Analysis 

 Need Analysis is the fi rst phase of the course. The need is to design a product which 
can be used by elderly to handle different television operations with ease. The anal-
ysis of the constraints, like diffi culty in handling small buttons, frequent fall of 
remote, trembling hands, confusion while handling more buttons, is documented 
and listed in the form of a need analysis table as shown in Table  1 , which enables 
the designer to arrive at the primitive specifi cations of the product.

2.1.2       Product Planning and Market Analysis 

 The next phase is to estimate the time required for the product design and realiza-
tion in the form of a Gantt chart highlighting the multiple tasks which could be 
either sequential or concurrent. Apart from user survey, the students conduct a mar-
ket survey in the resident city and arrive at an estimate for the market consumption 
and approximate pricing.  

2.1.3    Conceptual Design 

 After fi nalizing the specifi cations of the product to be designed, the student demon-
strates the solution-neutral design. This involves listing of all the functions and sub-
functions of the product in the form of a morphological chart. Table  2  shows a 
sample set of the concepts.

   The morphological chart provides the student with an opportunity to select mul-
tiple options for each function implementation. The fi nal concept selection is done 

   Table 1    Need analysis chart   

 Sl. no.  Requirement  Importance 

 1.  Provision to change channels, volume, power on and off  10 
 2.  Light weight   8 
 3.  LED indication for buttons   1 
 4.  Easily operated by both the hands   9 

   Table 2    Morphological chart   

 Functions  Option 1  Option 2  Option 3  Option 4 

 Accepting force  Press button  PC mouse button  Switch 
 Processing signal  By standard IC  By micro 

controllers 
 By discrete 

components 
 Holding the base 

and upper pieces 
 Adhesives  Screws  Snap fi tting  Mechanical lock 

(notch, sliders) 
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based on the needs and constraints analysis. This involves various trade-offs against 
size, cost, ease of use, availability of materials, simulation models and design com-
plexity to name a few.  

2.1.4    Detailed Design 

 In this phase the student performs the functionality test using Proteus® simulation 
software after fi nalizing the electrical circuit schematic. The culmination of this 
phase is the design of PCB using Eagle® CAD tool and implementing it using the 
PCB prototyping machine. 

 The mechanical design process is carried out using Solid Works® software. The 
CAD model for the enclosure and all other functionalities provided by the mechani-
cal subfunctions is shown in Fig.  1  along with the working prototype that has been 
realized. The unique feature of the product is that it adds the functionality of a 
remote control to a torch available in the market and uses the same battery source.

3           Evaluation 

 The evaluation is carried out based on a set of carefully designed rubrics specifi c to 
each area of design and realization process quantifying the degree of attainment of 
ABET outcomes (a–k). A sample set of rubrics is shown in Table  3 .

  Fig. 1    PCB layout, CAD design and working prototype       

  Table 3    Evaluation    rubrics 
sample set  

 Rubrics 

 1.  Product planning 
 2.  Need analysis 
 3.  Identifying constraints, attributes, goals 
 4.  Team dynamics 
 5.  Morphological chart 
 6.  Detailed design 
 7.  Need mapping 
 8.  CAD modelling 
 9.  PCB design 
 10.  PCB implementation 
 11.  3-D printing of CAD model 
 12.  Demonstration 
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   The evaluation consists of two categories, namely Continuous Internal 
Assessment and Semester End Examination. The assessment of the PDR is carried 
out regularly twice a week, and teams’ progress is evaluated and guided by an expert 
review committee comprising of faculty from both the disciplines of mechanical and 
electrical engineering sciences. The interactions are carried out with the intent of high-
lighting the issues in multidisciplinary design and team work. The experts provide the 
bigger picture of product design and realization without getting lost out in the techni-
calities of the design. The attainment of ABET outcomes is shown in Fig.  2 , which 
indicates the attainment of both technical and professional outcomes adequately.

4         Continuous Improvement 

 Curriculum design is a continuous process and must evolve with the needs of the 
industry and skill levels of the students for a multidisciplinary course like PDR. The 
need to redesign the curriculum arises from many factors such as: Evolving global 
ecosystem of product design and development: Emerging technologies that enable 
multiple solutions to the problems encountered during product design and develop-
ment: Redeployment of skills training in evolving regular courses in the under-
graduate engineering curriculum: Overcoming the shortcomings of the previous 
courses based on the feedback from all the stakeholders   . 

  Fig. 2    Attainment of ABET 
outcomes       

  Fig. 3    Feedback analysis       
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 The feedback analysis of the overall course experience is summarized in Fig.  3 , 
which addresses the overall PDR course delivery. The analysis highlights the need 
to strengthen some aspects of course design and delivery.

5         Conclusions 

 An innovative multidisciplinary design-to-realization approach is adopted in this 
course and student teams build working prototypes for predefi ned products. This 
course brings a new perspective to the multidisciplinary approach to teaching 
product design. Introduction of project-based design experience at an early level 
provides students with an opportunity to develop capabilities to design complex 
systems in the future. An attempt is made to bridge the gap between the skill level 
of the graduates and the industry expectations, so that the students are industry 
ready. The outcome assessment meets the requirements of most of the ABET out-
comes adequately and provides inputs for continuous improvement of the course. 
The future work is to share the experiences with the industry stakeholders and 
incorporate the suggestions into subsequent courses. At present the rubrics do not 
address the applicability as a tollgate course, however it can be extended as a 
tollgate course to assess attainment of student outcomes. Using this course as an 
early intervention for the students desiring to take up entrepreneurship opportu-
nity is also explored.     
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    Abstract     In an effort to increase the richness and scope of students’ learning expe-
rience, the Industrial and Production Engineering program has recently upgraded its 
curriculum with manufacturing technology as the major thread. It is proposed to 
make the curriculum context based on ASME #150 Gate Valve. The purpose of this 
project is to provide a real-world, product-based framework to integrate and expand 
the learning experiences from different courses and lab exercises. As students are 
exposed to the design, manufacturing, and quality challenges presented by the project, 
they are better able to see the limitations and constraints that would otherwise be 
simply theoretical and easy to ignore. This paper gives an overview of the project 
and outlines some of the possible benefi ts as well as challenges that may have to be 
encountered while integrating the curriculum in this way.  

  Keywords     Curriculum integration   •   Manufacturing   •   Product realization  

1         Introduction 

 The use of mini and major projects to integrate and apply student knowledge is 
common practice and with a known reason. The benefi t obtained when students 
experience their knowledge in action is hard to understate. It is this kind of 
experience that has driven the development of integrating curriculum on context 
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that is discussed in this paper [ 1 ,  2 ]. The goal of this project will be to distribute 
some of the capstone design experience throughout the Industrial and Production 
Engineering program curriculum at BVBCET. The integrating context is, in this 
case, a product – specifi cally, an ASME #150 Gate Valve. Through a sequence of 
several existing courses, students design, document, and build a number of com-
plete valves. The project is being implemented by strengthening existing course 
delivery and lab exercises. This paper discusses the development of the project and 
how it is being used to integrate various coursework.  

2     Background 

 The Industrial and Production Engineering Department at BVBCET consists of 12 
full-time faculty members. The student population comes from a diverse back-
ground and with a reasonable ranking in the common entrance test (CET)  conducted 
by the state and Comed-K test conducted by the Consortium of Private College 
Managements. About 20 % in a class of 75 comprises of students with diploma 
background making lateral entry to the program. The diversity of the group in terms 
of prior knowledge can be a hindrance or an advantage depending on the approach 
used in the classroom. The integrated context makes the most of this situation 
because it lends itself to a team approach, leveraging the knowledge possessed by 
the more experienced members, while providing a real-world  platform for develop-
ing the skills of the less experienced. Another benefi t of the integrating project has 
been the incorporation of previously under-utilized equipment into the coursework. 
For example, the project relies on rapid prototyping, sand casting, and CNC machin-
ing. Rapid prototyping and lean product development have been the subjects of 
much research recently and have been incorporated into the curriculum fi rst time. 
The Industrial and Production Engineering Department, along with Mechanical 
Engineering recently acquired a rapid  prototyping machine. The models for the 
valve project, the parts and assembly will be produced squarely in the production 
environment. The models are not the end product, but become casting patterns that 
must function, and produce cast metal parts that must function as well. 

 As they progress through their coursework, students will experience the valve 
project from various perspectives. One of the major inputs to the development of 
valve is adherence to ASME standards. Students refer the internet to gather informa-
tion on ASME standard codes on gate valves. This will help them acquire the knowl-
edge on sizes, materials to be used, operating pressure range, etc. and also create a 
curiosity among them to know various other products that need to be developed as 
per standard codes. They prepare working drawings that will be used to create CNC 
machining programs, and they assign tolerances that will later drive quality charac-
teristics. Although the work may occur in different semesters, each class will be 
treated as if it is occurring simultaneously with the other activities, resulting in a 
tangible experience of concurrent engineering. 

 If the progress on student learning is satisfactory, it would be feasible to incorporate 
some of these activities into the curriculum of other courses.  
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3     Method 

 The design is reverse engineered from a commercially available #150 gate valve. 
The valve consists of 12 components that will be made by students. In addition to 
these, fasteners, and a few other components (considered purchase items) will have 
to be purchased separately. The student’s exposure to the project is determined by 
the course sequence. This means that normally, their fi rst involvement is through the 
second level manufacturing processes course. In this course (Manufacturing 
Technology I – Foundry and Welding), there is a laboratory exercise in sand casting 
in addition to earlier experiments on sand quality testing. The integrated lab will use 
a split pattern of the valve block made on the rapid prototyping machine. The  pattern 
will be scaled up to allow for shrinkage and includes an interlocking sprue, riser, 
and runner system. The goal of this type of integration will be to go beyond under-
standing the technology to adaptation to leveraging of emerging technology. 
Figure  1  shows the casting of a gate valve body.

   During the same semester, students will typically take a materials course 
(Engineering Materials) in which they perform mechanical testing of various materials. 
Previously, the labs had been done in isolation of unrelated materials, now the course 
draws on the integrating product to develop material specifi cations and perform tests 
related to the specifi cations for the valve materials. 

 In the same semester, students use solid modelling tool Pro-E to reverse engineer 
the valve. They will be provided un-parameterized models of all of the valve parts. 
The students create working drawings from dimensions they measure on these 
 models and use their working drawings to create parametric models of the compo-
nents in the Engineering Design-CAD lab. For some of the components, only 
 functional parameters will be given, and students are required to develop designs 

  Fig. 1    Gate valve body       
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that function in their fourth semester course (Design of Machine Elements) and will 
be manufactured by the equipment available. The context provides its own limita-
tions and gives students a more realistic idea of concepts such as design for manu-
facture. Additionally, students will determine acceptable tolerances for certain 
components that are manufactured in the Manufacturing Technology II – 
Manufacturing Processes class and will be evaluated by the Metrology and Quality 
Engineering class. 

 In what is usually their fi fth and sixth semester, students will take several 
courses that incorporate the valve. Most of the production will take place in the 
Manufacturing Technology III course. This course requires students to take the 
parametric models created by the CAD class and create code to machine the vari-
ous components. Some of the labs require writing G-Code manually, such as the 
lathe operations on the body and bonnet, while others will incorporate the manu-
facturing application of Pro-E, while some will use Master-CAM. In the Quality 
Engineering lab, the process of machining the stem and other machined parts will 
be examined. Using the tolerances defi ned in the CAD course, students will study 
the process capability and try to reduce variability. Mechatronics and PLC course 
helps students identify the automation components – sensors, actuators, etc. for 
valve operation. Several of the machining fi xtures would be designed as part of the 
Tool Design course, and further plan is to use Manufacturing Technology IV – 
Forming and Form Tool Design course to develop punch-press tooling to create 
gaskets and brackets that otherwise would be treated as purchase parts. The course 
on Fluid Power Control would help students design circuitry for automation of the 
opening and closing of the valve and implement the same. Figure  2  shows some of 
the machined components used in the valve.

  Fig. 2    Machined components       
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4        Results 

 Student response to the project is extremely positive and majority of students enjoy 
working on the project. The project, by its nature lends itself to a more involved 
discussion of the concepts as they are presented. The concepts are rather parts of a 
whole as they no longer exist as isolated cases. A change in the working drawing as 
students can now see has an effect that permeates throughout the entire production 
environment. At the same time, the challenges presented by the project have been 
real challenges that require real solutions, or else the entire project fails. Figure  3  
shows the gate valve assembly.

4.1       Success 

 The integration of the curriculum on context has advantages that include an increased 
emphasis on team-based, experiential learning; increased opportunities to improve 
problem-solving skills. The nature of the project, with its self-defi ning limitations, 
makes it a good fi t for team-based learning. Teams will be given an objective and 
will be limited by the equipment and material available. The project, as it continues 
to mature, becomes more formalized, and economic aspects of the project will 
become more realistic. For example, in the Manufacturing Technology II course, 
the current emphasis will be on successfully manufacturing the parts. Each team 
will be assigned a specifi c group of components and fi xtures, and they are required 
to successfully machine each one of them. The project is fl exible enough that it can 

  Fig. 3    Gate valve assembly       
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be integrated at varying levels in any of the courses where it is used. Student interest 
in the project is the key and it is expected to be extremely encouraging. Students 
may even choose to develop some elements of the valve as part of their mini/major 
project. Since the students are involved in the design and production of the valve, 
they will take ownership of the ideas behind the work. The department hopes that 
students live up to the challenges they are presented by the project and exhibit a 
good degree of pride in their workmanship.   

5     Conclusion 

 Although the project is not without its problems, the overall benefi t to student 
understanding would be gratifying. The students’ level of confi dence to solve com-
plex engineering problems would be enhanced as they have learnt the concepts in 
context and hence become more rational in applying the knowledge that they have 
acquired. In its current form, the integrating project will be incorporated into course-
work for second and partially third year, and the results will justify further work to 
complete the project and further integrate it into the course and lab work. Although 
it requires more effort both from the students and faculty members, the ability of 
this kind of project to bring together so many of the techniques used in the fi eld of 
manufacturing will make it an ideal solution to many of the problems facing faculty 
in our program and create profound learning experience for students.     
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    Abstract     Automotive electronics is a course that requires skills from multiple disci-
plines including, but not limited to, mechanical, control, computer science, and elec-
tronics. The course is introduced to address the needs of embedded and automotive 
industries, hence providing the necessary knowledge and skills required for those 
industries. The objective of the curriculum is to enhance learning and improve 
 student’s implementation skills. In this paper, we propose to introduce the exercises 
including real-world case studies and experiential learning. The major challenge of 
teaching this course was to teach mechanical concepts for electrical science students 
and to develop electronics for mechanical systems. The practical demo  sessions by 
automobile labs gave the desired foundation for the course. The engine management 
concepts were taught using a very popular simulation software, AT Electronics tool, 
which is a combination of electronics and diagnostics. This activity gave a real feel 
of engine management systems to learn how complex systems work and to diagnose 
faults with them. The paper also discusses another major activity in the form of 
course projects. The course projects resulted in the application of domain knowledge 
and improvement    of skills by using appropriate tools. In addition to these activities, 
all regular classes included animations and video presentations to make the concepts 
clearer. Special lectures by industry experts were also arranged to give the students a 
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wide perspective of the subject. The paper discusses the impact of these activities in 
the form of student feedback, placement results, and participation in technical events. 
This experiential learning helped the students to improve comprehensive application 
ability and innovative consciousness.  

  Keywords     Program outcomes   •   Bloom’s taxonomy   •   Course project   •   Course 
design   •   Delivery methods   •   Student feedback  

1         Introduction 

 Automotive    electronics is highly multidisciplinary requiring the knowledge of various 
engineering domains like mechanical, electronics, and computer engineering. The 
said fi eld is highly application oriented and mainly deals with embedded systems 
applied to various domains of automotives such as power train, chassis, body, info-
tainment, multimedia, and human-machine interface (HMI) with an emphasis on 
engine management systems, automotive safety systems, automotive communication 
protocols, automotive sensors, and automotive software development methods. The 
topics by themselves are highly multidisciplinary requiring relevant real-world case 
studies to understand the concepts and correlate with suitable application domains [ 1 ]. 

 There is a potential growth and scope for innovations in various domains of auto-
motive research, resulting in rising demand for qualifi ed employees. This is a major 
driving force for introducing the course on automotive electronics in the electrical 
engineering discipline. 

 BVB College of Engineering and Technology, an autonomous institute, affi liated 
to Visvesvaraya Technological University, offers the automotive electronics course 
at the sixth semester level, for all the programs of the electrical science stream 
involving instrumentation technology, electronics and communications engineer-
ing, and electrical and electronics engineering wherein the student has a suffi cient 
background of embedded systems development, design of electronics  systems, and 
basics of mechanical systems. 

 The curriculum has been designed by seeking inputs from industry and academia 
experts in the Board of Studies (BOS) of each engineering discipline every year. 
The BOS is responsible for approving the program curriculum and educational 
experiences and assessment pattern for each program as per the norms of autono-
mous college. The BOS committee guides the board about current trends in the 
instrumentation and its allied industries and the skills that are required for the grad-
uates to succeed. The BOS meets yearly on campus and reviews the proposed 
changes in the academic program. The BOS also discusses new activities and initia-
tives of the department. The curriculum structure of each program has been broadly 
classifi ed as basic science, mathematics and engineering, program foundation 
course, and program verticals (specializations) along with integrating experience. 

 The common program vertical for all the disciplines of electrical science stream is 
embedded systems. Automotive electronics is one of the core courses belonging to this 
vertical and courses such as Infotainment and AUTOSAR being the electives. 
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This vertical helps in enhancing the skills needed to develop and design embedded 
products and meet the requirements of the society. The concept of communication pro-
tocols, concept of electronic control unit (ECU), and engine/fuel management covered 
in the automotive electronics course along with the knowledge of processors, control-
lers, and programming skills cater to the design of automotive embedded    systems. 

 The contents of the course are framed considering the inputs of the various 
 automotive embedded systems organizations like KPIT Cummins and Robert Bosch 
Engineering and Business Solutions India (RBEI) and ARM Limited to cater to the 
needs of the industry. The teaching-learning process has been made more effective 
by adopting various activity-based learning apart from classroom teaching. These 
methods include practical exposure to automotive mechanical systems, simulation 
of engine management systems, expert lectures to introduce students to the current 
technology-related issues of industries, animations, and video presentations to make 
the concepts clearer. 

 These delivery methods gave a required foundation for a student to frame a prob-
lem statement for their course project, wherein the student deals with the need and 
functional requirement analysis and proposes a suitable solution for real-world 
problems of automotive domain [ 2 ]. 

 The automotive electronics is of three credits with 42 h of teaching. Assessment 
techniques involve the continuous internal evaluation (CIE) and semester-end eval-
uation (SEE). CIE involves minor exams and course project with weightages of 
80 % and 20 %, respectively. The questions of minor/semester-end examinations 
have been framed to cater to the learning levels of Bloom’s taxonomy. The course 
along with the delivery and evaluation methods addresses both the technical and 
professional outcomes of the program. 

 The organization of the rest of the paper is as follows: Section  2  deals with the 
design of the course; Sect.  3  deals with delivery methods; Sect.  4  deals with course 
projects, evaluation methods, and their effectiveness; and Sects.  5  and  6  discuss the 
conclusion.  

2      Course Design 

 The course has been designed with the following objectives:

•    To provide a comprehensive overview about the existing and future automotive 
electronics systems  

•   To illustrate the distinctive features of the automotive world in terms of require-
ments and technologies  

•   To demonstrate the role of electronics for the areas like in-vehicle architectures, 
networking, engine management systems, vehicle safety systems, and infotain-
ment systems  

•   To analyze the current status of software in the automotive industry and present 
the specifi cations elaborated within the AUTOSAR consortium in terms of 
standardization    
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 The course mainly focuses on developing the student’s ability to analyze the 
electronics systems in present-day automobiles and their specifi c requirements to 
become acquainted with the new applications that are being developed for future 
automobiles. To cater to these objectives, the course contents were framed by 
 considering the inputs of various automotive industries like KPIT Cummins, RBEI, 
and ARM Limited. The contents included both the basic topics like automotive 
mechanical systems and advanced topics like automotive communication protocols 
and automotive open system    architecture (AUTOSAR) with the equal weightage to 
hardware and software concepts.  

3      Course Delivery Methods 

 This section deals with the details of teaching-learning methods adopted to teach 
automotive electronics. As the course deals with two very diverse fi elds of engineer-
ing, mechanical and electronics, the delivery of the course demands different deliv-
ery methods to be practiced along with the conventional classroom teaching [ 3 ]. 
The methods adopted include the following:

•    Practical exposure to automotive mechanical systems through demonstrative 
laboratory sessions  

•   Augmenting concepts of engine management systems through simulation tool  
•   Exposure to current technological requirements and advances through expert 

lectures by industry personnel  
•   Providing design experience through course projects  

  The details of    each method are summarized below.    

3.1     Practical Exposure to Automotive Mechanical 
Systems with the Demo Lab Sessions 

    The course is taught for electrical science stream students who have restricted 
knowledge about mechanical concepts. As the course deals with the development of 
embedded systems for mechanical systems, it becomes sheer important to make the 
students understand the mechanical concepts in a short time. The conventional 
methods of teaching only provide an abstract learning. The demo    and hands-on 
 sessions provided by automobile labs present them knowledge of real working mod-
els of an automobile. Students very easily understand the working principles in a 
very short time. The lab sessions include hands-on sessions on basic automotive 
mechanical systems consisting of different types of engines (gasoline, diesel), trans-
mission systems, braking systems, steering systems, and suspension systems. The 
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labs provide the demos and hands-on experiences using cut sections of all these 
models. The snapshot of one such model is given in Fig.  1 .

3.2        Augmenting Concepts of Engine Management 
Systems Through Simulation Tool 

 Simulation tools provide an opportunity to test and understand the behavior of 
the complex systems through experimentation. Engine management system is 
one such similar system whose behavior and performance depend on various 
input parameters. There are various control actions to be provided to control 
many outputs. The performance of the system depends on tuning various control 
parameters. The behavior of such systems can be very easily explained with the 
use of simulation tool. AT Electronics simulation tool helps in analyzing the 
behavior of engine management system. Here, the user can vary different control 
parameters like air-fuel ratio, ignition timing, and exhaust gas recirculation 
(EGR) valve position to monitor the system behavior in terms of torque pro-
duced, fuel effi ciency, and emission control. The snapshot of such simulation is 
shown in Fig.  2 .

  Fig. 1    Practical exposure to automotive mechanical systems with the demo lab sessions       
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3.3        Exposure to Current Technological Requirements 
and Advances Through Expert Lectures by Industry 
Personnel 

 To make sure    that the students get to know about the latest applications, technolo-
gies, and requirements in automotive electronics, expert lectures by industry per-
sonnel from automotive companies like KPIT Cummins and RBEI were included in 
the curriculum. With this activity, the student can correlate the theoretical concepts 
learned to the applications of the industry. The gaps and scope for innovation can 
also be identifi ed. 

3.3.1    Providing Design Experience Through Course Projects 

 The course projects are introduced where the concepts can be well understood and 
higher-level learning can be achieved by developing an application or a product or 
a process. The activities previously mentioned facilitate the students to identify 
and formulate the problem. The delivery methods discussed above help the stu-
dents to learn the concepts of more advanced subject like automotive electronics in 
a better way. 

 Along with these activities, a lot of the underpinning theory is covered using the 
conventional methods and using the instructor powerpoints, animations, and videos.    

  Fig. 2    Simulation of engine management systems       
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4      Course Projects 

 The main objective of the course projects is to give more hands-on experience and 
an integrated experience to the students in addition to that knowledge gained in the 
regular course [ 2 ]. Integrated experience is a multidisciplinary, design project-based 
approach emphasizing on engineering design and incorporates fundamentals from 
several engineering disciplines such as instrumentation, electronics, electrical, com-
puter science, automobile and mechanical involving science, mathematics, humani-
ties, and engineering components. It will improve    both practical and academic skills 
of individuals to prepare them for a wide range of opportunities in either employ-
ment in industries, R&D, or higher education. 

 The students will be given topics/themes related to the subject; they have to 
explore an interesting problem of their choice in the context of the course. Projects 
can be done individually or in teams of two/three students. The students will be 
given various themes related to automotive electronics like the realization of control 
algorithms required for specifi c automotive applications using MATLAB/Simulink 
and the implementation of communication protocols; automotive sensors; emission 
control systems; safety, security, and driver assistance systems; etc. The activity 
involves different phases like the following:

•    Literature survey and problem defi nition: The students need to formulate the 
problem based on the requirement analysis, explore alternate approaches through 
survey, and select the appropriate one.  

•   Concept-level design: Identifying input/output variables, establishing the rela-
tionship between them, and proposing the functional block diagram are carried 
out. The development of circuit diagram and algorithm development are also part 
of this phase.  

•   Implementation: This phase includes the selection of appropriate simulation and 
modeling tools, implementing the design on breadboard, debugging, testing the 
design, and fi nally implementing on PCB.  

•   Demonstration and report writing: Here, the student needs to present their work 
in both oral and written form along with the demonstration of their work.  

•   The assessment is carried out according to the rubrics mentioned in Table  1  and 
is in line with the review required for different phases of the activity.

      Based on the teaching-learning methods followed for automotive electronics, the 
course outcomes for the course projects are as follows. 

 The student will be able to: 

•  Perform need analysis    and identify the problem from the given theme and 
 propose the solution (“a,” “c,” “f,” “h,” “i,” “j,” “l”)

•    Analyze and record the requirements for the identifi ed problem (“a,” “c”)  
•   Transform the fundamental knowledge gained in the curriculum to model (“c”)  
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•   Design/develop prototype/system to meet the identifi ed requirements (“c,” “k”)  
•   Develop technical writing skills and presentation skills and build the ability to 

work in team (“d,” “g”)    

 Course outcomes are also mapped with program outcomes of ABET. Some of 
the selected course projects are listed here. 

4.1     Fast Tire Puncture Detection System 

 This project intends to design a system that automatically detects any foreign body 
that pierces the tire and may cause its puncture. The system outputs the message to 
the user regarding the interruption caused in the tire.  

  Table 1    Course project 
rubrics  

 Rubrics  Weightage (%) 

 1. Literature survey and problem 
defi nition 

 20 

  Problem statement 
  Identify the resources to meet 

the desired needs 
  Exploring alternate approaches through 

literature survey 
  Selection of an appropriate approach 
  Team formation and defi ning the roles 
 2. Concept-level design  20 
  Identifi cation of inputs and outputs 
  Establishing the relationship between 

input and output 
  Circuit design/algorithm 
  Verifi cation of obtained results 

with standard results 
 3. Implementation  40 
  Functional block diagram 
  Choose an appropriate simulation 

and modeling tool 
  Implementation, debugging, 

and demonstration of results 
 4. Demonstration and report writing  20 
  Preparation for report, poster, 

use of visual aids 
  Clear and well-organized report 
  Presentation skills 
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4.2     A Simulation of Speed Variation Based 
on Accelerator Pedal  

 This project deals with regulation of throttle    position depending on the accelerator 
position which is proportional to vehicle speed.      

4.3     Modeling of Cruise Control System Using MATLAB 

 The objective of the project is to model cruise control system of vehicle for different 
conditions.  

4.4     Brake Signal Modulator 

 While traveling, when the driver applies the brake, a continuous brake light is turned 
on, which does not catch the attention of the vehicle behind. Hence, the solution to 
the above problem can be given by developing an electronic module that converts 
ordinary brake light into an attention-getting visual alerting device.  

4.5     Lambda Probe Readout for Carburetor Tuning: Improving 
the Combustion Effi ciency by Lambda Sensor 

 In addition to the regular reviews and evaluation by the course instructor, each 
course project has been also evaluated by the industry personnel. The projects car-
ried out by students gave them a real-time exposure to the subject. Many of the 
problem statements addressed the contemporary issues and provided an innovative 
solution for the problem. 

 The method of assessing the effectiveness of the activity includes student perfor-
mance assessment, student self-assessment, feedback from industry experts, and stu-
dent feedback. Contributions to the activity can be assessed in terms of individual 
deliverables and group deliverables.   
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5      Evaluation Methods, Their Effectiveness, and Discussion 

 This section discusses the various evaluation methods adopted for the course and 
the discussion of the effectiveness of the activities realized and their mapping 
toward program outcomes. Equal weightage has been given to continuous internal 
evaluation (CIE) and semester-end evaluation (SEE). The CIE includes two minor 
exams and the activity in the form of course project with the weightage of 40 % and 
10 % and the SEE with 50 % weightage. The question paper pattern involves the 
questions addressing different learners’ levels according to Bloom’s taxonomy [ 4 , 
 5 ]. Below is a graph showing the attainment of different learners’ levels for a model 
question paper and course activity. Questions of CIE and SEE mainly addressing 
Bloom’s taxonomy levels L1 to L4 and the course activity in the form of course 
project addressing higher-learning levels are illustrated in Fig.  3 .

   The effectiveness of the course project as part of a core subject is mapped to the 
learning outcomes “a” to “k” defi ned according the Accreditation Board for 
Engineering and Technology (ABET) [ 6 ]. Table  2  presents that the outcomes “a” to 
“e” belong to technical outcomes and “f” to “k” belong to professional outcomes. It 
can be seen that the course project addresses both technical and professional out-
comes defi ned by the program.

5.1       Refl ections of Course Project with Continuous Monitoring 
and Feedback 

 With this activity, different teams were able carry out course projects addressing 
different themes. Around 25 different projects with different themes were carried 
out. This activity resulted in building a strong knowledge of fundamentals, realizing 

  Fig. 3    Question paper pattern       
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the various aspects of engineering analysis and hence the problem-solving ability of 
the student enhanced [ 7 ]. Finally, the assessment based on student feedback has 
been collected by each team as detailed in the Appendix, and the statistics shows 
that the objectives of the course project were satisfactorily met as mentioned in 
Fig.  4 . Questions 1 and 3 relating to the understanding of concepts and applying the 
same to the application have made an impact on learning. Question 2 relating to the 
scope of understanding beyond curriculum is satisfactory. Suggestions by the review 
committee and participation in technical events refl ected in questions 4 and 5 need 
a scope for improvement.

5.2        Refl ections of Activity in Participation 
in Technical Events and Placement Activities 

 A total of ten project batches have participated in different project competitions 
conducted by automotive industries and three batches have won the top prizes. The 
projects have been appreciated by industry personnel and few ideas were having 
research attributes in them. The number of automotive embedded industries visiting 
the college campus has been increased and the number of students placed in those 
industries is also increased considerably.   

   Table 2    Activity outcomes mapping to program outcomes   

 Activity phases  Outcome elements 
 ABET program 
outcomes addressed 

 Literature survey and 
problem defi nition 

 An ability to identify needs  c, d, i, j 
 An ability to formulate problem 
 An ability to fi nd alternate solutions 

and choose the best one 
 Ability to work effectively in project teams, 

as both a member and leader, with 
different skills 

 Concept-level design  Understand environmental, political, 
economical, aesthetic, and social 
impacts of engineering work 

 c, j 

 An ability to use established method 
to design a system/process 

 Knowledge of contemporary issues 
in the fi eld of instrumentation technology 

 Implementation  An ability to use modern engineering 
tools for modeling and simulation 

 i, k 

 Ability to engage in independent and lifelong 
learning in the broadest context of 
technological changes 

 Demonstration and 
report writing 

 Oral and visual communication skills 
appropriate to the profession of 
engineering 

 g 
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6      Conclusion 

 The details of the course design and delivery methods and the activity planned and 
executed for the course automotive electronics as a part of an innovative approach 
to enhance the learning outcome of the students have been presented. The metrics 
and the techniques adopted for the assessment of the learning outcome have been 
listed and the results are presented. 

 The overall outcome as seen from the result analysis clearly indicates that 
the approach adopted has signifi cantly been encouraging in terms of the students’ 
overall growth. The students’    participation in technical events and their placement 
and the students pursuing career in automotive embedded domain have been signifi -
cantly increased. 

 A majority of the students have expressed their satisfaction over the course 
contents, delivery methods, and course project. The activity provided the necessary 
platform to showcase the innovative ideas of the students.     
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  Fig. 4    Feedback questionnaire response       
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7      Appendix 

 The questionnaire consists of fi ve questions; the students are asked to rate on a scale 
of 1–5.

    1.    Did the course project help in understanding the automotive systems better?   
   2.    Did the course project boost your knowledge in the area of automotive domain?   
   3.    Are you able to apply your knowledge of instrumentation and control in  real- time 

embedded automotive applications?   
   4.    Did the review committee give you the right feedback to guide you for the imple-

mentation of the course project?   
   5.    Did the course project help you to participate in technical events and placement 

activities?       
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    Abstract     The heat and mass transfer is an important application-oriented course 
taught for working in the mechanical engineering arena and the other allied courses 
like automobile engineering and chemical engineering. The pedagogy for thermal 
engineering courses like heat transfer has undergone changes over the years through 
novel ways of industry participation, discussion of application-driven issues, facili-
tation of problem-solving skills, performance of analysis/design of thermal sys-
tems, and the use of computational tools. Albeit to these initiatives, the process has 
complicated due to the urgent need to update the course material with new technol-
ogy issues and reduction in credit hours available to the thermal courses [ 1 ]. 

 A segment of the students have an apprehension to this course owing the prereq-
uisite of calculus knowledge and analytical skills as evidenced in thermal courses. 
In view of this, the heat and mass transfer course needs implementation of certain 
pedagogical tools to facilitate active learning by the student community. The imple-
mentation of course delivery based on Bloom’s taxonomy has improved the modus 
operandi of delivery of this lab course. The categorization of the experiments as 
demonstration, exercise, structured enquiry, and open-ended enquiry has given 
ample opportunity for the faculty to address the ABET 3a, 3b, 3c, 3d, 3e, 3g, and 3k 
criterion to a greater extent.  
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1         Introduction 

 The teaching-learning activities in the technology-enabled world today are a real 
challenge to conventional mold teaching. The advent of web technologies has led 
to information fl ooding in every fi eld of engineering that has extended the teaching- 
learning process beyond the confi nes of a closed classroom interaction. The inno-
vations in pedagogical approaches have been reported in several streams of study 
as early as the 1990s when modules were designed for interactive learning that 
proved to be delivering greater learning gains than the traditional lecture format. 
The measures were implemented based on the observations of poor student atten-
tiveness and performance even to lectures delivered by eminent teachers despite of 
the good math skills possessed by the students. The traditional lectures, although 
excellent for many purposes, did not communicate the concepts well because of 
their passive nature. The meticulously designed assessment techniques have 
enhanced gains amongst student groups constituted by a heterogeneous mix 
thereby establishing effectiveness of interactive student engagement [ 2 ]. 

 The engineering profession harnesses resources like energy, materials, and infor-
mation to contribute usefully to mankind. The engineering education paradigm in 
the early days gave more emphasis to theory courses and teaching methods with 
very little attention (<5.2 %) to the application segment. The engineering education 
in the present context has the prime objective to mold students and enable them to 
practice engineering to utilize meaningfully the resources of nature. This demands 
a good understanding of nature that goes beyond theoretical knowledge based on 
traditional educational laboratories [ 3 ]. 

 Engineers are involved in the compilation of experimental data that guide 
them to develop products and ensure products to perform as intended through 
methodological measurements. Their performances are compared with supplier 
specifi cations to demonstrate compliance or indicate scope for changes to over-
come deviations. There is a need for “design-based effort” to practice activities 
towards the attainment of excellence in the assigned task though the practicing 
engineers by default apply conventional pedagogy concepts. 

 The engineering education system has proved to be a vital social fabric and has 
made it mandatory for it to be responsive to the changing societal pattern. The 
present-generation engineers operate in a challenging environment that poses 
seven deterrent factors: information proliferation, multidisciplinary technology, 
environmental concerns, growing social responsibilities, globalized markets, par-
ticipatory corporate modules, and rapid rate of change. Therefore, the paradigm 
shift is mandatory in educating future-generation engineers whose components 
include domain knowledge, work skill sets, and goal-driven attitudes. The major 
impediments to bring this paradigm shift of engineering education policy are the 
fear of loss of control that can lead to diversions into areas that the teacher is 
unaware of. However, governmental regulation provides succor in reviewing the 
transformation process towards the better. The conventional instructional methods 
are inadequate to equip engineering graduates with the knowledge, skills, and 
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 attitudes they will need to meet the demands likely to be placed on them in the 
coming decades, while  alternative methods like problem-based learning have been 
time tested to offer good prospects to future engineering and technology [ 4 ].  

2     A Paradigm Shift: Teacher-Centric to Student-Centric 
Practice 

 The mechanical engineering students as part of the UG curriculum learn the heat 
transfer course in the third year of the program. This course addresses questions that 
emphasize the underlying principles of heat transfer and focuses hands-on experi-
ments on principles that relate to conduction, convection, radiation, boiling, and 
condensation. This section tries to explain the experiences of stakeholders in two 
different methodologies of learning and teaching the heat transfer course at UG 
level in mechanical engineering. The brief account of two methods is explained in 
the context of the learning process, evaluation criteria, and benefi ts realized.

   Approach 1: The traditional approach of delivery in the heat transfer course was based 
on the execution of the prescribed set of course modules based on “teacher- centric: 
follow-the-instruction method” that specifi ed steps to be executed to get the fi nal 
expected result. The students opting the course could be grouped into exquisite band 
and repulsive band based on their extent of involvement in course sessions. The 
standard approach did make a limited part of the class involved seriously, while the 
remainder part was left into disillusion by monotony of the following steps to get the 
result. The students as part of the course were to complete a specifi ed set of chapters 
and take up CIE exams that determined their performance grade in the course.    

 On the evaluation front, the heat transfer course posed challenges to course 
instructors in terms of devising methodology that would investigate the depth of 
student understanding. The standard practice was to assess student performance 
through minor exams and assignments based on stereotyped questionnaires. The 
overall exercise for the student was more of a memory teaser rather than knowledge 
exploration as the course provided minimum space for the student to think beyond 
the prescribed set of exercises. 

 Therefore, the course in heat transfer, which involved more numerical calcula-
tions, turned out to be a nightmare for a substantial part of the class. The student 
performance in the semester end examination refl ected the lack of ingenuity in their 
performance due to improper understanding of the course. The course thus turned 
out to be a “tough-to-digest course,” though it had a wide scope for practical appli-
cations. Thus, the heat transfer course was able to reach only a small part of the 
exquisite student layer, leaving the intermediate and repulsive student layers puz-
zled on why it was important for mechanical engineering graduates. The traditional 
approach of course delivery lead to disdain to heat transfer course which otherwise 
would be mandatory course for any graduate in Mechanical engineering. This is a 
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brief  overview of how the course was taught based on the teacher-centric traditional 
approach that kept the student comfort level too low with a drooping learning curve 
that led to a phobia towards thermal engineering courses. 

 The experiments designed in the conventional approach of teaching the course 
are indicated in Table  2 . The contents clearly reveal that the experiments listed do 
not involve more concepts of active learning and are therefore referred to as the 
teacher-centric approach.

   Approach 2: The approach of delivery is based on fl exible learning that has no rigid 
prescribed set of recipe, making it more student participative, “student-centric: 
do-it-yourself method.” The approach stressed on knowledge exploration 
through teamwork and practical experimentation without barriers on student 
thought process.    

 The sessions were conducted to promote better learning through group learning 
activities that also fostered group dynamics apart from learning the course content. 
The activities were designed to promote better student participation through group 
tasks that promoted better understanding of concepts without being only memory 
teasers but involved higher levels of learning skills. The tasks performed by students 
included the following:

•    Using computational tools for heat transfer through simple illustrations  
•   Investigating applications of different modes of heat transfer  
•   Performing heat transfer analysis of thermal systems such as hot box, refrigera-

tor systems, and 2D heat transfer analysis  
•   Delivering course seminar on contemporary heat transfer issues    

 The course delivery led to the realization of higher levels of learning as evi-
denced through a better student performance in the CIE and SEE. The experiments 
were designed in four types, namely, demonstration, exercises, structured enquiry, 
and open-ended experiment as indicated in Table  3 . The proposed system of deliv-
ery of the course clearly reveals the proper blend of teacher-designed experiments 
and the student-developed experiments. The proposed delivery approach promotes 
a more active participation of the student, thereby realizing a higher level of learn-
ing as per Bloom’s taxonomy. The Course Articulation Matrix: Mapping of Course 
Learning Objectives (CLO) with ABET 3a to 3k criterion (program outcomes) indi-
cated that the course delivery addressed 3a, 3b, 3d, 3e, 3g, and 3k criterion to a 
medium level of realization. 

 This proposed revision in the lab course gave the students a better learning expe-
rience compared to the earlier approach of standard “stepwise procedure-based 
experiments” as evident in the feedback indicated in Fig.  1a, b .

   The students found the new method to be a more active means of assimilating knowl-
edge in heat transfer and learned additional computational skills as against the teacher-
centric approach that made very little room for independent thinking or learning. 

 After the end of each experiment, each group is advised to duplicate the recorded 
data in a soft copy; write a theoretical background of each experiment using pri-
mary, secondary, and electronic sources; and do the specimen calculations for their 
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group data with the help of an equation editor. Each student of the batch is  suggested 
to analyze the recorded data of the whole batch and to plot graphs using a modern 
computer tool and write the conclusion (ABET 3a, 3b, 3g, and 3k).  

3     Comparison Between Different Pedagogical Approaches 

 This section presents the comparison between the teacher-centric approach and stu-
dent-centric approach with reference to the heat transfer course. The study is pre-
sented in terms of the content, delivery, and evaluation strategies adopted for the heat 
transfer course taught to mechanical engineering graduates at sixth semester level. 

  Fig. 1    ( a ) Student feedback linked to heat and mass transfer lab course (criteria a, b, c, and e). ( b ) 
Student feedback linked to heat and mass transfer lab course (criteria d, g, and k)       

 

Pedagogical Transformation in Heat and Mass Transfer Laboratory Course…



456

3.1     Content 

 The syllabus as per the teacher-centric approach was designed to perform a 
 stereotyped set of experiments that were not providing impetus on the use of com-
putational tools to make detailed analysis of experimental results. Table  2  given in 
 Annexure  provides syllabus designed as per the student-centric approach that gave 
an adequate scope for the students to participate actively in the deliberations during 
the lab session and thereby benefi t more from the course. As indicated earlier, the 
component of self-study increases to a greater extent in the student-centric approach 
compared to the teacher-centric method. However, this does not undermine the 
role of the teacher in the teaching-learning process but emphasizes the changing 
trends in the present higher education sector where students should be prepared for 
self-learning.  

3.2     Course Delivery 

 The comparison between course deliveries through the two approaches is presented 
in Table  1 , highlighting the benefi ts of the proposed scheme. It is clear that the 
student- centric approach creates a better ambience for assimilation and retention 
of the course content. It also alleviates the teaching-learning process to higher 
levels of Bloom’s taxonomy as compared to the teacher-centric traditional method. 
In the traditional approach, students were made to strictly follow the instructions 
and obtain the results, while the proposed method provides a 50 % (15 h) duration 
for the course instructor to provide the necessary technical support as the remain-
der of the allotted duration is utilized to develop competency through the self-
learning component.

   Table 1    Comparison of pedagogical approaches   

 Teacher-centric  Student-centric 

 1.  Every student performs prescribed 
experiments, standard set of specimen 
calculations with little lateral thinking 

 1.  Students motivated to use  what-if  and  why  
tags and develop analytical skills through 
spreadsheets and MATLAB 

    2.  Simple experimental procedure that leads 
to “memorization by repetition” or rote 
learning as the evaluation was mainly 
memory-based 

 2.  Fosters active learning environment instead 
of memory-based learning 

 3.  Less active learning as experiments 
were stereotyped—conducted without 
much in-depth understanding 

 3.  The students will develop teamworking 
capabilities through group projects 

 4.  Lateral thinking was restricted only 
to a few viva voce questions in the SEE 

 4.  In-depth application of concepts learned in 
the theory course as demanded by sections 
C and D of new syllabus 
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3.3        Course Evaluation 

 The teacher-centric approaches involved a lesser degree of student involvement due 
to the limited number of assessment levels that were again memory dominated 
rather than honing the skill sets of students. On the contrary, the student-centric 
evaluation scheme provided myriad milestones for the evaluation as it included 
computational skills and also addressed contemporary issues for which the student 
may be motivated to read research publications from reputed journals in the disci-
pline of thermal engineering. The evaluation of the teaching-learning process fol-
lowed in two approaches clearly distinguishes the student-centric approach from its 
counterpart as being more effective, leading to better performance and satisfaction 
for the student.   

4     Additional Benefi t of Pedagogical Reforms 

 The process of learning should engage the imagination—both of students and of the 
faculty. The passive lecture mode was transformed into an intense, active, personal-
ized, and highly collaborative active learning. The more fl exible mode of learning 
stimulates discovery and improves understanding of conceptual material. The 
student- centric teaching practice resulted in better clarity in concepts among stu-
dents as well as a higher level of realization in Bloom’s taxonomical levels. The 
active learning ensured greater student participation in the teaching-learning pro-
cess. The evolved experience through implementation of Bloom’s taxonomy over 
the years improved modus operandi of delivering this course as a theory and practi-
cal course and motivated us to present our experience in heat and mass transfer 
through a well-researched textbook on “heat and mass transfer.” The proposed text-
book gives a methodological approach through the concepts of structured enquiry 
and open-ended problems in heat and mass transfer.  

5     Conclusions 

 The pedagogical ordeal clearly indicates that outcome-based education is the need of 
the hour for the higher education sector to address the challenges posed by the indus-
trial sector to the academia. The technology-enabled teaching environment with more 
avenues for knowledge exploration demands a more interactive teaching- learning 
environment compared to the earlier generation. The techno-savvy student commu-
nity does not restrict learning only to the portals of the classroom but expects a more 
activity-based interactive teaching-learning process. The courses like heat transfer 
provide adequate scope to address most of the 3a–3 k criteria specifi ed by ABET.     
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6       Annexure 

      Table 2    Course syllabus: teacher-centric approach   

 Course code: MEL610  Course title: heat and mass transfer lab 
 L-T-P: 0-0-1  Credits: 1  Contact hours: 02 h/week 
 CIE marks: 50  SEE marks: 50  Total marks: 100 

 Teaching hours: 30 h  Exam duration: 3 h 

 1.   Determination of thermal conductivity of an insulating powder 
 2.   Determination of thermal conductivity of metal rod 
 3.   Determination of thermal conductivity of liquid 
 4.   Determination of thermal conductivity of composite wall apparatus 
 5.   Determination of heat transfer effectiveness of a fi n 
 6.   Determination of heat transfer coeffi cient for the free convection 
 7.   Determination of heat transfer coeffi cient for the forced convection 
 8.   Determination of emissivity of a surface 
 9.   Parallel/counter fl ow heat exchangers: determination of LMTD and effectiveness 
 10. Demonstration experiments on 
  (a) Condensation heat transfer 
  (b) Refrigeration and air conditioning 15 h 
 Scheme of continuous internal evaluation (CIE) 
 Major experiments: 25 marks 
 Minor experiments: 15 marks 
 Journal and viva voce: 10 marks 
 Total marks: 50 marks 
 Scheme of semester end examination 
 One question from major experiments: 20 marks 
 One question from minor experiments: 20 marks 
 Viva voce: 10 marks 
 Total: 50 marks 
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     Table 3    Course syllabus: student-centric approach   

 Course code: MEL610  Course title: heat and mass transfer lab 
 L-T-P: 0-0-1  Credits: 1  Contact hours: 02 h/week 
 CIE marks: 80  SEE marks: 20  Total marks: 100 
 Teaching hours: 30 h  Exam duration: 3 h 

 A. Demonstration (2 sessions) 
   1. Construction and calibration of thermocouple junctions 
   2. Air and water fl ow measurements 
   3. Thermal conductivity of metals, insulating materials, and liquids 
   4. Determination of free and forced heat transfer coeffi cient 
   5. Determination of emissivity of a surface 
 B. Exercise (4 sessions) 
   1. Temperature dependence of thermal conductivity 
   2. Investigation of free/forced convection on effectiveness of fi n 
   3. Flow dependence of heat transfer coeffi cient 
   4. Investigation of fl uid dependence on heat transfer in HEs 
 C. Structured enquiry (6 sessions) 
   1. Design “cylindrical container insulation” to minimize heat loss 
   2. Investigation of combined modes of heat transfer 
   3. Experimental investigation of 2D temperature distribution in a heated plate and comparison 

with analytical solution 
 D. Open-ended enquiry (6 sessions) 
   1. Analyze different designs available for exhaust gas recirculation and radiators in passenger 

cars 
   Evaluation scheme for CIE and SEE 
 Assessments  Weight-age in marks (CIE)  Weight-age in marks (CIE) 
 Section A  10  05 
 Section B  20  05 
 Section C  30  10 
 Section D  20  10 
  Total    80    20  
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    Abstract     The paper presents Self-Study (SS) component as a pedagogical tool for 
enhanced learning in a set of identifi ed course. The objective of the SS component is 
to enhance the understanding of the course beyond the classroom teaching. The tra-
ditional modes of course design, course delivery and course assessment provide less 
scope for in-depth learning of courses. Outcome-Based Education (OBE) is an effort 
to overcome limitations of traditional education by using many progressive peda-
gogical models, ideas, to meet  a-k  student outcomes of ABET and NBA. To meet the 
expectations of present engineering education, few courses of Electronics and 
Communication engineering programme are modifi ed using SS component. Typical 
methods of SS component are course project, term paper/seminar, fi eld work, model-
ling and simulation, case studies, proof of concept/prototype development, etc. The 
attainment of depth of learning is demonstrated using two activities, namely, course 
project and term of SS component. The student outcomes are assessed by using 
designed set of rubrics for each course-SS combination. The  tradition mode of deliv-
ery facilitates the attainment of technical outcomes of ABET, whereas along with 
technical outcomes professional outcomes are also achieved through SS component. 
The assessment of attainment of student outcomes and  student feedback of SS com-
ponent act as inputs for the continuous improvement of teaching-learning process.  

  Keywords     Self-study (SS) component   •   a-k student outcomes of ABET   •   Term 
paper   •   Course project   •   Evaluation rubrics  
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1         Introduction 

 The paper address in-depth learning in a set of courses using SS activity as a peda-
gogical tool in Electronics and Communication engineering programme. 
Traditional course design and delivery includes theoretical concepts, tutorials and 
supported by a set of experiments. However, these activities fail to provide depth 
of learning and assessment is limited to technical outcomes. In most cases, cap-
stone projects carried out in the fi nal of    are used to evaluate attainment of student 
outcomes a to k in an outcome-based education framework proposed in ABET and 
NBA [ 1 – 4 ]. Miniprojects [ 5 – 8 ] carried out in the prefi nal year of graduation are 
used to enhance the depth of learning and to achieve professional outcomes. Due 
to broad base of the curriculum, these projects may not provide in-depth learning 
in many courses and also spectrum of identifi ed problems is much wider which 
poses diffi culty in the assessment of student outcome [ 9 – 11 ]. These methods may 
not provide suffi cient resolution at the course level for the curriculum improve-
ment. There are several ways of engineering course assessments like teacher/
course evaluations, homework, tests, minor and semester end exams. These meth-
ods provide less scope for assessing the extent of in-depth learning in the course. 
SS components provide useful student assessment data at course level resolution 
which are used as inputs for continuous curriculum improvement. SS component 
is introduced at III-VI semester of ECE programme to strengthen the course learn-
ing objectives as a part of course design, which can provide better assessment of 
student outcomes. 

 The paper demonstrates the following:

•    In-depth learning in four courses using course project and term paper as SS 
activity.  

•   Attainment of professional outcomes along with technical outcomes.  
•   Analysis of attainment of SS and survey of SS activity can be used for continu-

ous improvement and curriculum modifi cations.    

 The framework of SS component is discussed in Sect.  2 . Continuous improve-
ment of teaching-learning process is discussed in Sect.  3 . Conclusions are provided 
in Sect.  4 .  

2      Framework of the SS Component 

 The primary objective of the SS component is to enhance the understanding of the 
course beyond the classroom teaching. The self-study is categorized as course proj-
ect, term paper/seminar, fi eld work, modelling and simulation, case studies, proof of 
concept/prototype development. In 2011, the department designed curriculum 
structure and self-study activity is offered for three courses per semester. Depending 
on the course content, the SS activity and associated rubrics to evaluate student 
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outcomes are identifi ed. The activity identifi ed for Pulse Digital Circuits and Data 
Structures with C of III semester is course project. For Digital Signal Processing 
(DSP), Information Theory Coding (ITC) of V and VI semester is term paper. 
Continuous evaluation of the SS component is carried out by the respective course 
instructor in 2–4 reviews. The evaluation of each phase is done based on the rubrics. 
The review process in the continuous evaluation measures the student learning 
using defi ned rubrics 

2.1     Guidelines for the SS Component 

 The activity begins 2 weeks after the commencement of the semester and con-
tinues till the end of the semester. The implementation of the self-study compo-
nent was spread over 2–4 phases during the entire semester. The SS component 
needs to encompass the concepts learnt in the course. Each batch is given a 
problem statement based on the application areas of the course. At the begin-
ning of SS component, the students are made familiar with the evaluation 
rubrics. SS component is designed equivalent to 1 credit with a time effort of 
10–12 h.  

2.2     Evaluation of SS Component 

 The evaluation of CIE consists of 2–4 reviews that are conducted by the course 
instructor. The basic criteria for evaluation include an ability to understand the 
problem and carry out the literature survey, and ability to work as a team member. 
It also includes quality of work, documentation, report writing and presentation 
skills. The example rubrics followed for Pulse and Digital Circuits are as 
follows:

•    Review 1: Understanding the problem defi nition, block diagram representation.  
•   Review 2: Identifying multiple solutions, selecting the best suited solution with 

justifi cations, simulation of any fi ve digital circuits using available open source 
tools.  

•   Review 3: Design on paper with listing of the required components, simulate the 
same using available open source tool.  

•   Review 4: Hardware implementation, presentation and demonstration of results, 
report submission.    

 The basic purpose is to assess the student competencies in understanding the 
problem defi nition, identifying the alternate solution and the selection of optimal 
solution. More    specifi cally to assess the student’s individual contribution to the SS 
component, to establish the level of understanding of basic theoretical knowledge 
relevant to the course. 
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 The course instructor has the responsibility of educating the students about the 
criteria/standards being used for course project development and implementation. 
The course instructor adopts a clear and consistent pattern of asking questions from 
general to specifi c aspects of the course project. 

 Performance of students in SS activity offered in four courses is shown in 
Fig.  1 . For example in the PDC course, the student performance in Review-
1(R1) and Review-4(R4) is comparatively low. The Review-1 data shows that 
student needs to improve skills in problem identifi cation and block diagram 
 representation. As refl ected in Review-4, student’s capability in hardware 
 implementation, presentation, demonstration of results and documentation 
needs improvement. Review- 2(R2) and Review-3(R3) data show student’s per-
formance is good in identifying multiple solutions, simulation and design on 
paper.

  Fig. 1    Performance of students in SS activity offered in four courses       
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3          Continuous Improvement 

 The continuous improvement of the course and curriculum modifi cation can be 
achieved through analysis of attainment of student outcomes and student survey. 

3.1     Evaluation of Student Outcomes 

 Evaluation rubrics are used to assess student outcomes. The review process in the 
continuous evaluation measures the student learning against the student outcomes 
as per the a-k program outcomes of ABET. The rubrics are framed to assess the 
professional outcomes along with technical outcomes which are otherwise diffi cult 
with regular course design. The student’s performance is assessed by course instruc-
tor using the assessment rubrics and average score for each of the outcomes is 
 normalized on a scale of 1–10. Figure  2  demonstrates the attainment of students 
outcomes g, i, j, k, g which is otherwise diffi cult to achieve in regular course without 
SS component. SS component enhances the professional outcomes like lifelong 
learning, communication skills and leadership qualities of students.

3.2        Student Survey 

 A set of survey questions are given to students to know the effectiveness of SS 
 activity. The survey questions are framed to measure the perceptual or subjective 
achievement in Pulse and Digital Circuits course and they are as follows:

  Fig. 2    Attainment of student outcome through SS component       
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    1.    To use    learnt theory in solving a problem   
   2.    To gain extra knowledge about the course   
   3.    To explore modern engineering tools   
   4.    To utilize time management to carry out the project   
   5.    To develop the ability to work in a team   
   6.    To develop technical writing skills and presentation skills     

 The survey of SS activity offered in four courses is presented in Fig.  3 . The 
 survey scores (Q3) for data structure, PDC demonstrate that the depth of learning is 
enhanced. Scores of Q4 of the same survey reveal    issues in time management. This 
survey data acts as input for continuous improvement. Student survey for the course 
DSP and ITC (Q1) shows that SS component has enhanced their learning beyond 
text book.

4          Conclusions 

 The paper demonstrated Self-Study component as an effective pedagogical tool to 
enhance learning in a set of courses. The activity carried out in the SS component is 
course project for III and term paper for V and VI semesters. At III semester, the 
students are exposed to the design approach. In term paper activity, the students 
explore the literature to know state-of-the-art technology and relate the classroom 
learning to the practical issues. The evaluation rubrics are designed to meet the 
objectives. The assessment was carried out as per the rubrics designed for 

  Fig. 3    Survey of SS activity offered in four courses       
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attainment of a-k. The criteria a, c, i, g, k were achieved through SS component 
catering to professional outcomes along with technical outcomes. The student feed-
back indicates good evidence of effectiveness of the approach. The student out-
comes and feedback act as inputs to the continuous improvement of teaching-learning 
process.     
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    Abstract     The National Board of Accreditation (NBA) in India has come up with 
a new requirement in its document published in January 2013 – which is a com-
plete overhaul of what it was a few years ago. The expectations of NBA for an 
engineering educational institution are now driven by graduate attributes – the 
qualities that a graduating student has to demonstrate for having possessed through 
the engineering education. The graduate attributes mentioned in the NBA docu-
ment are comparable with the more familiar program outcomes (POs) – the term 
used in Outcome-Based Education (OBE) framework and also in the ABET docu-
ment to measure the attainment status of competence of professionals. The compe-
tence is also measured subsequently through Program Educational Objectives 
(PEOs) after 3–5 years of graduation which is beyond the present scope. Many 
engineering institutes in India have started work on implementing OBE framework 
with program outcomes as the measure of attainment of attributes expected of a 
graduating engineer. Such institutes are in an ambiguous state as to how they can 
switch their processes to meeting the new NBA requirement of addressing gradu-
ate attributes from the program outcomes that they have acquired familiarity with. 
The paper shows how the graduate attributes can be mapped to POs in institutes 
offering undergraduate engineering education so that one can continue with the 
established processes of measuring the attainment status of program outcomes and 
also meet the requirements of NBA.  

  Keywords     NBA   •   Graduate attributes   •   Program outcomes   •   OBE framework  
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1         Introduction 

 With India after having become signatory to the Washington accord, the National 
Board of Accreditation in India had to shift the accreditation paradigm from erst-
while input focus to emphasizing on outcome based. It was not easy in the contem-
porary scenario in the country owing to the complexities of institutions offering 
engineering education (offering Diploma, UG, and PG programs). There are affi li-
ated colleges – government, aided, and unaided with varying degree of delivery 
potential, autonomous institutions – a few of them with good length of experience 
while many of them novice requiring time to switch over to the new found freedom 
in the academic space, deemed universities and the private universities. The NBA 
had daunting task to arrive at an accreditation framework that could encompass 
the spectrum of institutions. The fi nal document that was published in January 2013 
has addressed this issue to an extent by identifying tier-I and tier-II categories for 
autonomous institutions, university departments, and the affi liated institutions 
respectively. While engineering educators in India are embracing, although with 
some apprehensions, the substantial change set forth by NBA in the light of 
Washington accord, there is much concern as to how to best operationalize each 
graduate attribute for use within one’s own institution. Graduate attributes form a 
set of individually assessable outcomes that are the components indicative of a 
 graduate’s potential to acquire competence to practice at the appropriate level as 
specifi ed in criteria 2. The discussions in the following paragraphs will be on the 
implementation details associated with the tier-I category institutions.  

2     Graduate Attributes 

 All graduates of any higher education programs are expected to have identifi ed with 
technical/functional, generic, and managerial competencies. The competencies that a 
graduate of a program should have are called graduate attributes. The attributes that a 
graduating engineer should have are generally identifi ed by the accreditation agency 
for engineering and technical education, namely, National Board of Accreditation in 
India. The graduate attributes of engineering programs are as follows [ 1 ].

    1.    Engineering knowledge: Apply the knowledge of mathematics, science, engi-
neering fundamentals, and an engineering specialization to the solution of 
 complex engineering problems.   

   2.    Problem analysis: Identify, formulate, research literature, and analyze complex 
engineering problems reaching substantiated conclusions using fi rst principles 
of mathematics, natural sciences, and engineering sciences.   

   3.    Design/development of solutions: Design solutions for complex engineering 
problems and design system components or processes that meet the specifi ed 
needs with appropriate consideration for the public health and safety, and the 
cultural, societal, and environmental considerations.   
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   4.    Conduct investigations of complex problems: Use research-based knowledge 
and methods including design of experiments, analysis and interpretation of 
data, and synthesis of the information to provide valid conclusions.   

   5.    Modern tool usage: Create, select, and apply appropriate techniques, resources, 
and modern engineering and IT tools and prediction and modeling to complex 
engineering activities with an understanding of the limitations.   

   6.    The engineer and society: Apply reasoning informed by the contextual knowl-
edge to assess societal, health, safety, legal and cultural issues and the respon-
sibilities relevant to the professional engineering practice.   

   7.    Environment and sustainability: Understand the impact of the professional 
engineering solutions in societal and environmental contexts, and demonstrate 
the knowledge of, and need for sustainable development.   

   8.    Ethics: Apply ethical principles and commit to professional ethics and respon-
sibilities and norms of the engineering practice.   

   9.    Individual and team work: Function effectively as an individual, and as a 
 member or leader in diverse teams, and in multidisciplinary settings.   

   10.    Communication: 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.   

   11.    Project management and fi nance: Demonstrate knowledge and understanding 
of the engineering and management principles and apply these to one’s own 
work, as a member and leader in a team, to manage projects and in multidisci-
plinary environments.   

   12.    Life-long learning: Recognize the need for, and have the preparation and ability 
to engage in independent and life-long learning in the broadest context of tech-
nological change.    

  The graduate attributes as stated by NBA are in the spirit of program outcomes 
as stated in Washington Accord ( graduate attributes are referred to as program 
outcomes by Washington Accord ).  

3     Program Outcomes 

 The POs are observable and measurable manifestations of applied knowledge. They 
describe what students are expected to know and be able to do by the time of gradu-
ation. These relate to the knowledge, skills, and behaviors that students acquire as 
they progress through the program. Hence, the 11 outcomes serve as a foundation 
for all engineering programs, but each program must then defi ne itself by adding its 
own specifi city to the outcomes [ 2 ]. The POs for the Industrial and Production 
Engineering Program are defi ned to be in alignment with the department objectives. 
They are as follows. 
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 Graduates of the Industrial and Production Engineering Program are expected to 
have the following:

    (a)    Ability to apply knowledge of mathematics, science, and engineering, to model 
and analyze manufacturing and industrial engineering problems.   

   (b)    Ability to design and perform laboratory experiments for manufacturing and 
allied systems as well as to analyze and interpret data.   

   (c)    Ability to design systems, components, or processes to meet customer needs.   
   (d)    Ability to participate effectively in multidisciplinary team.   
   (e)    Ability to identify, formulate, and solve manufacturing/industrial engineering 

problems.   
   (f)    Ability to demonstrate his understanding of professional and ethical responsi-

bility while assessing a situation.   
   (g)    Ability to communicate effectively in both oral and written forms and to become 

profi cient in working with diverse teams.   
   (h)    Broad understanding of the impact of engineering in a global, economic, envi-

ronmental, and societal context.   
   (i)    Ability to engage in lifelong learning that will help him/her for growth in pro-

fessional career.   
   (j)    Knowledge about contemporary issues in engineering.   
   (k)    Ability to use modern modeling and simulation techniques, and computing 

tools.   
   (l)    Ability to engineer projects from P to P ( i.e., from plan to prototype/product ) 

with adept management of 5 Ms ( i.e., man, material, machine, money ,  and 
minute ).      

4     Methodology 

 As we see, the POs are much the same in spirit of the graduate attributes of NBA. 
The NBA document further expects that the POs must foster the attainment of 
PEOs. It is here that there is a need to establish clarity and an unambiguous relation-
ship between the GAs and POs so that we meet the expectations of NBA 
unequivocally. 

 Much before the release of new NBA document, the department in line with the 
institutional strategy followed through a process to defi ne the POs for the program 
and also implemented the assessment mechanism to measure their attainment. 

 While defi ning POs it was ensured that PEOs were taken note of so that the 
attainment of POs leads to the attainment of PEOs. 

 After the NBA came up with desirable GAs, the already defi ned POs were revis-
ited, an additional PO to address the attainment of knowledge and skill on project 
management and fi nances was introduced as PO (l) and mapping of GAs and POs 
was carefully done to ensure that all the POs are in alignment with the GAs, the 
details of which are discussed in the following sections. 
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 The expected competence in graduate on attainment at the time of graduation 
from each of the graduate attributes is extracted and listed in Table  1 .

   As a fi rst step, each GA is subdivided into plausible elements, i.e., “Attribute 
Elements” representing an ability expected from a graduate to attain the compe-
tence as shown in Table  2 .

   The next step includes subdividing POs into plausible elements, i.e., “Outcome 
Elements (OEs)” for each of the POs defi ned by the IPE department. Table  3  lists 
elements representing abilities expected from graduates in POs. The abbreviation of 
OE is used in our explanation to indicate the outcome element of the POs defi ned 
for the department.

   The process of dividing GAs into “Attribute Elements” and POs into “Outcome 
Elements” allows for suffi cient resolution to map POs with GAs. 

 The last step of mapping of “Attribute Elements” with “Outcome Elements” was 
carried out and documented as in Table  4  to ensure that the defi ned POs address all 
the GAs.

   From the abovementioned example in Table  3 , it is evident that all the elements 
of the GAs are addressed by the POs of the IPE program. 

   Table 1    Graduate attributes and expected competence from graduate attributes   

 GA-#  Graduate attribute  Expected competence 

 GA-1  Engineering knowledge  Solve complex engineering problems 
 GA-2  Problem analysis  Analyze complex engineering problems and reach 

substantiated conclusions 
 GA-3  Design/development of solution  Develop solution to complex engineering problems 
 GA-4  Conduct investigation of 

complex problems 
 Provide valid conclusions to the complex problems 

after investigation 
 GA-5  Modern tool usage  Model complex engineering activities and predict 

the solution 
 GA-6  The engineer and society  Assess societal, health, safety, legal, and cultural 

issues and the consequent responsibilities 
relevant to the professional engineering 
practice 

 GA-7  Environment and sustainability  Demonstrate the knowledge of and need for 
sustainable development 

 GA-8  Ethics  Commit to professional ethics, responsibilities, 
and norms of the engineering practice 

 GA-9  Individual and team work  Accomplish as a team member/leader the intended 
task of solving complex problems 

 GA- 10   Communication  Communicate effectively on complex engineering 
activities with the engineering community and 
with society at large 

 GA- 11   Project management and fi nance  Manage projects in multidisciplinary environments 
 GA- 12   Life-long learning  Understand the requirement and offer solution to 

complex problems in the broadest context of 
technological change 
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 Figure  1  helps visualize the process of measurement of the attainment of GAs. 
Table  5  shows the mapping of GAs with the POs at a glance through the correspond-
ing elements. Now it is clear that as we assess the courses for accomplishing the 
course outcomes by measuring the extent of attainment through the corresponding 
outcome elements of program outcome, the assessment of program outcomes in turn 
happens by combining the attainment in one or more contributing outcome elements. 
Thus, one can realize that the expected attainment of desired graduate attribute has 
happened with the attainment of correspondingly mapping program outcome.

    A methodology for assessing the program outcomes has been established by the 
IPE program accreditation committee. For each of the courses a set of course out-
comes (COs) are defi ned and mapped with the POs. A strategy for assessing 
 individual COs is developed by choosing appropriate assessment tool. Overall suc-
cess in attainment of each outcome is identifi ed by analyzing combination of indi-
vidual course reports. 

 The college NBA executive committee carries out detailed analysis of each GA 
specifi ed by the NBA for the implementation process and attainment status.  

   Table 2    Expected competence from graduate attributes and attribute elements   

 GA-#  Attribute elements 

 GA-1   The graduates are expected to attain this competence, when they have the ability to  
 Apply the knowledge of mathematics; apply the knowledge of science; apply the 

knowledge of engineering fundamentals and domain knowledge 
 GA-2  Identify the engineering problems; formulate the problem; research relevant 

literature, use principles of mathematics, science, and engineering fundamentals 
 GA-3  Appropriately consider specifi ed needs, give due considerations to public health, 

safety, and cultural and environmental issues; design systems, components, or 
processes that meet the specifi ed needs 

 GA-4  Use research-based knowledge and research methods; carry out design of 
experiments, analyze and interpret data; synthesize the information 

 GA-5  Create, select, and apply appropriate techniques to predict and model complex 
engineering activities; allocate appropriate resources; use modern engineering 
and IT tools; understand the limitations of tools and techniques 

 GA-6  Apply knowledge to assess societal, health, safety, legal, and cultural issues related 
to engineering practice; understand professional responsibilities of engineering 
practice 

 GA-7  Understand the impact of professional engineering solutions in societal and 
environmental context; demonstrate the knowledge of sustainable development 

 GA-8  Apply ethical principles in his endeavors; commit to professional ethics, take up 
responsibilities and practice norms of the engineering 

 GA-9  Work effectively as an individual and as a team member in diverse teams in 
multidisciplinary settings; function as effective team leader 

 GA- 10   Communicate effectively with engineering community and society; comprehend 
and write effective reports and design documents; make effective presentations; 
give and receive clear instructions 

 GA- 11   Demonstrate knowledge and understanding of the engineering and management 
principles; apply knowledge and understanding to one’s own work, as a member 
and leader in a team, to manage projects and in multidisciplinary environments 

 GA- 12   Recognize the need for lifelong learning; have the preparation and ability to engage 
in independent and life-long learning 
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    Table 3    Program outcomes and outcome elements   

 PO(#)  Outcome element(s) 

 a  Formulate and solve mathematical models that describe the behavior and performance 
of physical systems and processes of manufacturing and industrial engineering 

 Use basic scientifi c and engineering principles to identify applications, explain and 
analyze the performance of processes and systems of manufacturing and industrial 
engineering 

 b  Design an experiment to verify the conceptual understanding 
 Conduct (or simulate) an experiment and report the results 
 Analyze a set of experimental data 
 Interpret the results 

 c  Analyze the need and understand the customer expectations 
 Develop system/process for the problem as part of solution 
 Build prototype of a design and demonstrate that it meets performance specifi cations 

 d  Participate in team activities as member(s) in discussions and consolidate the ideas 
 e  Identify gaps in a process or product in the domain 

 Formulate the identifi ed problem 
 Solve the problem 

 f  Assess the situation that requires a decision on ethical implications and professional 
acumen 

 g  Develop written and graphical communication skills appropriate to the profession 
of engineering 

 Demonstrate oral and visual communication skills appropriate to the profession 
of engineering 

 h  Degree of awareness of the global, economic, environmental, and societal impact 
of engineering solutions 

 i  Find relevant sources of information about a specifi ed topic and meet the challenges 
for growth in career 

 j  Knowledge of current events, developments, and issues in the technical and 
nontechnical space at the regional, national, and global level 

 k  Competence to use techniques, skills, and modern engineering tools 
 l  Competence to adopt technical knowledge and managerial skill in planning projects 

and deployment of resources 
 Lead projects of diverse nature demanding multidisciplinary team efforts to completion 

on time, within estimated cost and to the satisfaction of stakeholders 

   Table 4    Mapping of graduate attributes through attribute elements with program outcomes 
through outcome elements: an example   

 GA-1  Engineering knowledge: solve complex engineering problems 

  AE    Attribute elements    OE    Outcome elements  
 AE- 1.1  Apply the knowledge of 

mathematics 
 OE (a)-i  Formulate and solve mathematical 

models that describe the behavior 
and performance of physical systems 
and processes of manufacturing and 
industrial engineering 

 AE- 1.2  Apply the knowledge of science  OE (a)-ii  Use basic scientifi c and engineering 
principles to identify applications, 
explain and analyze the performance 
of processes and systems of 
manufacturing and industrial 
engineering 

 AE- 1.3  Apply the knowledge of 
engineering fundamentals 
and the domain knowledge 

 OE (a)-iii 

Mapping Graduate Attributes of NBA with the Program Outcomes…



476

   Table 5    Mapping at a glance   

 OE(a)-i  OE(a)-ii  OE(a)-iii  OE(b)-i  OE(b)-ii  OE(b)-iii  OE(b)-iv  OE(c)-i  OE(c)-ii  OE(c)-iii  OE(d)-i 

 AE- 1.1   ✓  

 AE- 1.2   ✓  

 AE- 1.3   ✓  

 AE- 2.1 

 AE- 2.2 

 AE- 2.3 

 AE- 2.4 

 AE- 3.1   ✓  

 AE- 3.2   ✓  

 AE- 3.3   ✓  

 AE- 4.1   ✓  

 AE- 4.2   ✓  

 AE- 4.3   ✓  

 AE- 4.4   ✓  

 AE- 5.1 

 AE- 5.2 

 AE- 5.3 

 AE- 5.4 

 AE- 6.1 

 AE- 6.2 

 AE- 7.1 

 AE- 7.2 

 AE- 8.1 

 AE- 8.2 

 AE- 8.3 

 AE- 9.1   ✓  

 AE- 9.2   ✓  

 AE- 10.1 

 AE- 10.2 

 AE- 10.3 

 AE- 10.4 

 AE- 11.1 

 AE- 11.2 

 AE- 12.1 

 AE- 12.2 
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 OE(e)-i  OE(e)-ii  OE(e)-iii  OE(f)-i  OE(f)-ii  OE(g)-i  OE(g)-ii  OE(h)-i  OE(i)-i  OE(j)-i  OE(k)-i  OE(l)-i  OE(l)-ii 

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  

  ✓  
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  Fig. 1    Pictorial representation of attainment of graduate attributes through program outcomes       

5     Conclusion 

 The present approach is expected to allay the apprehensions about establishing or 
adapting to the established processes towards attainment of GAs. This is enabled 
through mapping GAs with POs through corresponding elements giving more clar-
ity for the faculty members to design an appropriate delivery mechanism and select 
proper tools for assessment. The entire exercise of outcomes’ assessment would be 
more enjoyable and satisfying for faculty members as they understand the intent of 
the whole exercise and witness their students demonstrate the acquired knowledge 
and skills more convincingly by way of solving complex problems that they encoun-
ter even during their graduating period and also after graduation.     
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    Abstract     Project-based learning (PBL) is an instructional method in which 
 students learn a range of skills and subject matter in the process of creating their 
own projects. Sometimes, these projects are solutions to a real-world problem. But 
what is most important in project is that students gain the design experience. They 
work in groups and bring their own experiences, abilities, learning styles, and 
 perspectives to the project. Students work in teams under the direction of a faculty 
advisor to tackle an engineering design project. Engineering communication, such 
as reports and oral presentations are covered. We emphasize practical, hands-on 
experience, and integrate analytical and design skills acquired in companion senior-
level core courses. In this paper, we propose to introduce the project-based learning 
approach throughout the course at various levels and its impact at learning ability 
and employability. This experiential learning helped the students to improve com-
prehensive application ability and innovative consciousness.  

  Keywords     Program outcomes   •   SEE   •   CIE   •   Course project   •   Mini projects   
•   Capstone project  

1         Introduction 

 The dominant pedagogy for engineering education was “chalk and talk,” but due to 
the constant change in the innovative product-driven society the approach toward 
the self-study or implementation is picking up. Project-based learning is the highly 
comprehensive domain of engineering which requires the knowledge and skill of 
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project design and development at various levels of engineering program for 
domains like mechanical, electronics, and computers [ 1 ]. 

 In project-based learning, students work in groups to solve challenging problems 
that are open-ended, curriculum-based, and often interdisciplinary. Firstly, students 
decide how to approach a problem and look for a solution based on their prior 
knowledge. They gather information from a variety of sources and synthesize, 
analyze, and derive knowledge from it. The main characteristic of a project is to 
make the learning environment student-centered. Teamwork is regarded as a way to 
construct knowledge. Therefore, projects are designed to demonstrate their acquired 
knowledge and understanding of concepts to correlate with the application domains 
or relevant real-world case studies. 

 This approach is introduced at the various levels of engineering in Instrumentation 
Technology program wherein the student has a suffi cient background of electronics 
systems and basics of design and development. The design and assessment are 
framed to test the learning levels of students according to Bloom’s taxonomy. 

 Firstly, at individual course level students are exposed to the course project 
where the main objective is to build a module or implement related principle of the 
course. This course project also forms a part of continuous internal assessment. 
Secondly, the knowledge gained through the cluster of courses at lower semester is 
used to design and develop a subsystem level problem in mini projects. This course 
and mini project in turn leads to the capstone project at the fi nal year where a system 
level implementation is carried out. PBL integrates the knowledge gained through 
various levels of design and development. This also addresses a–e program out-
comes in achieving the problem solving skills and f–k program outcomes which 
addresses the professional skills. 

 Organization of this paper is as follows. Section  2  deals with PBL and design of 
project at various levels, Sect.  3  deals with assessment and evaluation methods, and 
Sect.  4  deals with effectiveness, discussion, and conclusion.  

2      Project-Based Learning 

 Problem-based learning was fi rst developed in the medical fi eld in mid-1950s, 
which was used to replace the traditional lecture-based approach. It was also adopted 
by variety of educational disciplines including Business, Law, Education, and 
Engineering. This involves students fi rst learning the fundamentals and then utiliz-
ing “total recall” to apply in solving problems, learning objectives are set by the 
instructor and principles are presented to the students through lectures, but often 
students learn with repeat back approach to satisfy the instructor [ 2 ]. 

 In contrast, PBL approach employs a problem as a driving force for learning the 
fundamentals and principles required to approach the solution. It permits to develop 
the knowledge based on the fundamental principles of science and mathematics. 
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A project is a sequence or series of smaller tasks to be performed at various levels 
of design and development to reach a desired objective. The objective is to break out 
the traditional learning of “chalk and talk” and make the students to have a product 
or solution-oriented approach. 

 PBL experience begins with the students identifying performance requirements, 
formulation of design objective, list of functional requirements, and conceptual 
design solution. Potential design solutions are analyzed from a system level per-
spective which explores the inter-relationships of components, including how they 
interact with each other and their operating environment. Next a detailed design 
solution is developed and specifi cations are established that will enable the design 
to be fabricated and tested. Throughout this process the students are challenged to 
learn how to work in teams, practice system level thinking when integrating tech-
nologies. The key elements of PBL are as follows:

    1.    Develop and encourage team dynamics in a group. Team building exercise 
should be utilized to facilitate the development of trust and communication 
within the team.   

   2.    Team develops necessary knowledge and skills in identifying the real problem 
statement by analyzing its functional requirement and constraints.   

   3.    Details all the parameters necessary to solve the problem with limited 
tolerance.   

   4.    Identify various alternate solutions for the problem within the group and settle 
on to fi nal solution through constructive brainstorm among the teammates.   

   5.    Action plan with component level, system level development. Implementation 
and prototyping of the product by analysis of results and conclusions.   

   6.    Summarize the results in both oral and written reports. Team should also be encour-
aged to present their work to the classmates, conferences, and competitions.    

The program aims at achievement of high level learning through PBL used at vari-
ous levels of courses. Students will be carrying out following types of projects dur-
ing their study in the IT program. 

2.1     Course Projects 

 The course projects are introduced at the individual course level where the concepts 
can be well understood and higher level learning can be achieved by implementing 
any principle or concept. The courses are identifi ed based on its complexity and 
ability of implementing various concepts and principles for better understanding 
and clarity. Normally course instructor suggests the theme/s of the project and the 
students carry out the projects in the group of 3 or 4. The main objective of the 
course projects is to give more hands on experience to the students in addition to 
that knowledge gained in the regular course. 
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2.1.1     Course Project: Digital Electronics Course 

 A problem defi nition was formulated to group of students to perform and understand 
the following theoretical concepts:

•    Display numbers from 00 to 99 using 7-segment display  
•   1-bit serial adder  
•   2-bit ALU    

 The implementation of the problem statement and its review was made during 
assessment period based on solution proposed, method of implementation, compo-
nents used, and its correlation with theoretical concepts. This activity helped the 
instructor and students in teaching learning process of the course for better under-
standing of combinational and sequential digital circuits.   

2.2     Mini Projects 

 Mini projects I and II are carried out in fi fth and sixth semesters. The mini projects 
give the students an opportunity to demonstrate the knowledge and skills learnt in 
cluster of core courses. They give students design, prototyping experiences and also 
enable them to deal with subsystem level problem solving capability. The mini 
projects are carried out in a group of three or four students. The themes for mini 
projects are decided by the departmental faculty committee. 

 The course outcomes of mini projects: The student will be able to:

•    Perform need analysis and identify the problem from the given theme and 
propose the solution (a, c, f, h, i, j, l).  

•   Analyze and record the requirements for the identifi ed problem (a, c).  
•   Transform the fundamental knowledge gained in the curriculum to model/design/

develop prototype/system for component/system to meet the identifi ed require-
ments (c, k).  

•   Develop technical writing skills, presentation skills, and build ability to work in 
team (d, g).     

2.3     Capstone Projects 

 The projects executed by the students in their fi nal year have a primary objective of 
giving an integrated experience to solve complex engineering problems. Typical 
expectations from these projects are identifi cation of the problem, researching the 
literature, problem defi nition, concept level design, and functional level design, 
implementation, demonstration, and report writing. The students have the fl exibility 
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in selecting an academic project, industry-sponsored project, or community-based 
project. 

 All the projects are evaluated continuously and at the semester end through the 
assessment rubric developed for the purpose. The projects are not only assessed for 
technical competency but also for professional competencies required by the 
outcomes: f–k. 

 The course outcomes of Capstone projects: The student will be able to:

•    Identify the needs and formulate the problem statement through surveys (a, e, f, 
h, i, j, l).  

•   Develop problem solving skills by applying and integrating the knowledge base 
acquired (a, e).  

•   Design/develop the prototype/algorithm for a solution (e, k).  
•   Develop team building and leadership qualities (d).  
•   Prepare technical documents and presentations (g)      

3      Assessment and Evaluation Methods 

3.1     Course Project 

 The main objective of the course projects is to give more hands on experience to the 
students in addition to that knowledge gained in the regular course. Assessment is 
carried out as a part of CIE with a 20 % weightage. Table  1  shows the detailed 
review for the course project assessment with evaluation.

3.2        Mini Project Rubrics 

 The knowledge gained in cluster of subjects is incorporated to formulate and solve 
a real-life problem which is assessed by the instructor allotted and also by an expert 
review committee at various levels of project. Table  2  shows the detailed reviews for 
the mini project assessment.

3.3        Capstone Project Rubrics 

 The fi nal project to be carried out during the fi nal year of program is in two semes-
ters. Table  3  shows the detailed review for the capstone project assessment.
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   Table 1    Rubrics for course projects   

 Rubrics  PO attained  Weightage (%) 

  Literature survey and problem defi nition   c, d, i  20 
 Problem statement 
 Identify the resources to meet the desired needs 
 Exploring alternate approaches through literature survey 
 Team formation and defi ning the roles 
  Concept level design   c, k  20 
 Identifi cation of inputs and outputs 
 Establishing relation between input and output 
 Circuit design/algorithm 
  Implementation   c  40 
 Functional block diagram 
 Choose an appropriate simulation and modeling tool 
  Demonstration and report writing   g  20 
 Preparation for report, poster, use of visual aids 
 Clear and well organized report 
 Presentation skills 

   Table 2    Reviews for mini project assessment   

 Reviews  Stages of the project  PO attained  Weightage (%) 

 Review 1  Preparation of requirement form  c, f, h, i, j, g, l  20 
 Identifi cation of functional and nonfunctional 

requirement 
 Problem statement 
 Exploring alternate approaches through 

literature survey 
 Selection of an appropriate approach 
 Road map of the project 

 Review 2  Team interactions and discussions  c, d, g, k, l  50 
 Identifi cation of inputs and outputs 
 Design on paper with listing of the required 

components 
 Review 3  Circuit design/algorithm  c, g  20 

 Demonstration of obtained results with 
standard results 

 PCB implementation, debugging, and 
validation of results 

 Review 4  Preparation of report, use of visual aids  g  10 
 Clear and well-organized report 
 Presentation and communication skills 
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4          Effectiveness, Discussion, and Conclusion 

 The effectiveness of PBL can be determined in terms of fi ve components: owner-
ship, creativity, collaboration, critical thinking, and fun. The measure of these com-
ponents is refl ected in assessment rubrics. This PBL experience has encouraged the 
students in participation of project competitions to showcase the work carried out at 
various levels. These project competitions include various state and national levels 
like Impress-IT, JED-I, etc. 

 Learning through projects has a positive effect on student content knowledge and 
the development of skills such as collaboration, critical thinking, and problem solv-
ing which increases their motivation and engagement. It also gives them an oppor-
tunity to see design from a system perspective and develop an appreciation for 
technical challenge in the context of global, societal, economical, and environmen-
tal requirements. The PBL process requires students to be very self directed in their 
learning and to take ownership of their own education. It provides a framework for 
embedding experiential and rich learning activities, integrated with discipline-based 
curriculum that improves employment and career outcomes.     

   Table 3    Reviews for capstone project assessment   

 Reviews  Stages of the project  PO attained  Weightage (%) 

 Review 1  Identify the problem  d, e, f, h  20 
 Ability to arrive at problem statement/scope 

for future enhancement 
 Alternate approaches 
 Presentation and communication skills 

 Review 2  Identifi cation and establishing relation 
between input and output through block 
diagram representation 

 d, e, l  20 

 Component list with specifi cations 
 Road map for the project 
 Budget estimation 
 Roles and responsibilities of team members 

 Review 3  Functional block diagram  d, e, j  20 
 Use of appropriate formula/method 
 Suggestions from experts and discussion 

of the latest issues 
 Integration of subfunctional blocks for fi nal 

solution 
 Review 4  Proper selection of simulation tool  e, i, k, l  30 

 Identifi cation and optimal use of available 
resources 

 Validation of results 
 Review 5  Preparation for presentation, use of visual aids  e, g, i  10 

 Conclusion and future scope 
 Participation in technical events 
 Presentation and communication skills 
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    Abstract     This paper is intended to discuss the active learning practices followed 
for students of Automation and Robotics as a course project activity, evolved 
through a structured literature survey under subjects like Mechatronics System 
Design [MSD] and Real-Time Embedded Systems [RTES]. Activity-based learning 
has always proved that it can foster faster learning by students with enhanced skills 
essential for their engineering career. Thus aiming at increased student participation 
and effective learning in line with ABET accreditation requirements, a literature 
survey-based course project activity was introduced to enable students to acquire 
some of the prominent competencies like designing, identifying, formulating and 
solving engineering problems, communicating effectively, professional ethics, 
using modern engineering tools and lifelong learning capability. Thus the activity 
involved two important steps: (i) Literature survey of papers for the allotted areas in 
a group of two to three members for the entire class of students. (ii) Extending the 
literature survey in order to solve problem, build solution, and demonstrate using 
software and hardware models in the laboratory. This is the activity proposed to 
achieve higher levels of learning and thus address majority of a–k criteria, which 
otherwise cannot be achieved through traditional lecture-based teaching. Hence the 
methodologies adopted for guiding students, evaluation of developed models, and 
the analysis of feedback got from students before and after undergoing this activity 
are discussed.  

  Keywords     Automation and Robotics   •   Mechatronics system design [MSD]   • 
  Literature survey   •   Real-time system design [RTES]   •   ABET accreditation 
requirements  
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1         Introduction 

 Under engineering discipline, practical work allotted to students boosts their inter-
est in learning the subject and enable them to draw parallels between theoretical 
concepts and practice [ 1 ]. Being under autonomous curriculum, teachers have the 
advantage of running activity-based courses under theory and laboratory with 
improved participation and learning by student which is usually lacking in lecture- 
based teaching practices. Activity-based learning helps students overcome the 
monotony of routine tests and assignments [ 1 ,  2 ]. The key objective is to promote 
effective learning and achieve higher levels of skills required in engineering educa-
tion by addressing c, e, f, g, i, and k factors of ABET criteria [ 3 ]. Hence the course 
project activity involving literature survey-based identifi cation of problem in the 
allotted area, fi nding solution to the selected problem, and implementing a working 
model in the laboratory is proposed. In Automation and Robotics program, which is 
a multidisciplinary fi eld of engineering, it is required that students undergo much of 
hands on activities in order to observe intricacies of cross-functional mechatronics 
elements which can be very well realized through project work activity [ 4 ,  5 ]. 
Introducing interesting group activities based on literature survey and project-based 
activity is one of ways by which students can be motivated to go few steps beyond 
the prescribed syllabus and learn faster [ 3 ,  4 ,  6 ]. Hence the activity was introduced 
for two batches of students of V and VII semester. The activity complements the 
defi ciencies in the traditional theory and laboratory sessions to a very good extent 
which is evident from the student feedback response and performance of students 
[ 1 ,  2 ].  

2        Proposed Objectives 

 The objectives decided for the proposed activity are to enable students to achieve 
competencies as stated under ABET criteria a–k. The standard a–k criteria are listed 
as follows:

    (a)    An ability to apply knowledge of mathematics, science, and engineering   
   (b)    An ability to design and conduct experiments, as well as to analyze and interpret 

data   
   (c)    An ability to design a system, component, or process to meet desired needs   
   (d)    An ability to function on multi-disciplinary teams   
   (e)    An ability to identify, formulate, and solve engineering problems   
   (f)    An understanding of professional and ethical responsibility   
   (g)    An ability to communicate effectively   
   (h)    The broad education necessary to understand the impact of engineering solu-

tions in a global and societal context   
   (i)    A recognition of the need for and an ability to engage in life-long learning   
   (j)    A knowledge of contemporary issues   
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   (k)    An ability to use the techniques, skills, and modern engineering tools necessary 
for engineering practice     

 Under the proposed activity, the target is to address ABET criteria c, e, g, and k 
to a higher level of competency whereas f, i, and j only to the basic level of compe-
tency. In line with ABET criteria, it was decided to concentrate mainly only six 
objectives listed as follows:

    1.    To demonstrate problem-solving skills by identifying the problem in the assigned 
area, formulating and solving using structured literature survey methodologies 
(criteria – c, e, i, and j)   

   2.    To develop the ability to build system by selecting appropriate system compo-
nents and modeling using simulation or real time hardware/software tools 
(criteria – c and k)   

   3.    To exhibit professional ethics by getting approval of their project implementation 
plan and ensuring that problem identifi ed and solutions built by each team is 
unique (criteria – i and f)   

   4.    To undergo a unique research experience by referring the latest research papers 
and preparing a survey report along with results of implementation of solution, 
analysis, and verifi cation (criteria – g, i, and j)   

   5.    To build competence in the usage of tools in laboratories, by exploring various 
capabilities of software and hardware to build models (criteria – k)   

   6.    To enhance peer learning through demos and presentation by other teams 
(criteria – g)    

In order to achieve the abovementioned objectives, the plan, methodologies 
 followed, implementation details, and the achieved results are discussed in further 
sections.  

3     Methodologies and Implementation 

 The proposed activity is being conducted for V and VII semester students for theory 
subject MSD and RTES. As both of these subjects are associated with regular prac-
tical sessions, the activity of literature survey for identifi cation of the problem in the 
allotted area could be combined with that of building a solution for the same through 
project activity in the laboratory. The activity was announced at the start of semester 
along with details regarding the team formation, schedule of completion of each of 
stages, submission dates, evaluation attributes, etc. The activity of literature survey 
for identifi cation of the problem and solution in the assigned area along with survey 
report generation is proposed in theory subject with a weightage of 40 % of internal 
marks. The activity of building solution for the identifi ed problem under project 
activity is planned in the associated laboratory and evaluated again for 40 % of total 
marks. Application and verifi cation of theory using practical work is an integral part 
of engineering curriculum and can be very effectively done through the proposed 
activity [ 5 ,  7 ]. 

Problem Identifi cation Through Literature Survey: A Course Project Activity…



490

 Students are encouraged to select their partners in a group of two to three mem-
bers and thus experience the team spirit aspect in the activity. It was even ensured 
that students contribute individually by limiting the size of team to a maximum of 
three members only. Then teams were asked to select topics from the assigned 
chapters of the subject through literature survey. Thus all students together are 
made to address content of each chapter for the subjects under consideration, i.e., 
MSD & RTES. They were guided to survey current state of developments in the 
allotted areas using latest IEEE research papers and later identify and formulate a 
problem [ 8 ]. 

 A set of guidelines and demo was given to students for gathering the recent and 
related papers, short-listing most relevant three to four papers for further study, 
which in turn can help them to identify the problem to work on. Students were given 
a time duration of 30 days for doing literature survey in order to identify the prob-
lem. Students surveyed and selected on an average of six to eight IEEE papers in the 
assigned area and further shortlisted around two to three in order to identify the 
problem. Thus all 32 teams together were able to collect around 250 IEEE papers. 
Later they were asked to do literature survey for the possible solutions for the 
selected problem. Students were guided to analyze problems from multiple perspec-
tives [ 7 ,  8 ]. 

 Students were further guided to select the best possible solution for the problem 
as they had options of using different hardware and software tools. Thus students 
could get an experience of identifying a problem, following the design steps and 
experimenting to fi nd solution to the problem in team. This was a step taken to 
improve their interpersonal skills, attitudes, and professional ethics required in 
teamwork [ 1 ,  4 ,  6 ]. 

 Students were evaluated for written and oral communication skill through survey 
report writing and presentations, respectively. Report writing and communication 
skills are considered to be very prominent competencies required by a graduating 
engineer in his profession. Students have submitted the project reports with the 
discussion of survey of literature, problem identifi ed, and results of implementation 
of solution. Further, around 30–40 % of the project reports were identifi ed for con-
verting as papers for publication in some reputed journals and conferences [ 1 ,  2 ]. 
Thus the students involved in those projects are now being guided for writing the 
paper following the standard guidelines. Evaluation attributes are designed care-
fully to address each of the phases in the activity, so that the learning levels are 
measured [ 3 ]. 

3.1     Implementation Plan 

 The simplifi ed process fl ow chart shown in Fig.  1  depicts the stepwise approach 
followed in practicing the proposed literature survey-based project activity. Even 
though the activity seems to be a sequential process, students can always go back 
and rework to correct the methods adopted previously before moving to the next 
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step in process [ 5 ]. Students were guided about the importance of undergoing each 
of the step in the process so that they undergo the activity consciously [ 9 ].

   Students adopted the Kolb’s Experiential Learning model while implementing 
the project solution undergoing the four steps of learning, i.e., Doing, Reviewing, 
Concluding, and Planning [ 1 ,  5 ]. Thus they were able to refi ne the solution by iterat-
ing through the Kolb’s learning cycle. The activity was purely student-centric 
enquiry-based learning where students were made to explore various library 
resources including IEEE literature for identifying real-world problems and solu-
tions for them [ 5 ,  7 ,  8 ]. Hence the activity provided them the opportunity to develop 
competencies like teamwork, self-learning, experimental design, analysis, and inno-
vation which are very essential attributes of a good engineer [ 4 ,  6 ,  7 ].   

4     Assessment 

 Assessment methods have to be designed in order to collect the facts about the stu-
dent learning based on the data collected through rubrics for the activity. Even the 
assessment process can be iterative so that the methods used for assessment can be 
refi ned in order to measure student learning accurately [ 10 – 12 ]. Thus the measure-
ment methods introduced should be able to measure the level of attainment of 
objectives set for the activity [ 3 ,  6 ]. This in turn will help teachers to monitor and 
improve student learning [ 4 ]. 

 Based on the objectives set for the proposed activity as listed in Sect.  2 , the 
evaluation methods and feedback questionnaire were designed to measure the 

  Fig. 1    Process fl ow chart of the proposed activity       
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outcome of implementation and the extent of achievement of objectives. As the 
activity was stretched over the entire semester, reviews were conducted in three 
stages in order to evaluate all the three phases as shown in the process fl ow chart as 
shown in Fig.  1 . In the beginning of semester, the schedule for all three reviews was 
announced and the requirements of attainment of objectives for each phase were 
made known to the students. The rubrics was designed for measuring the perfor-
mance of team and also individual student contribution under each phase and thus 
the evaluation formats were developed in order to evaluate each of the phase in the 
model development. The level of attainment of objectives was evaluated with a 
weightage of 25 % of total marks for phase I, 35 % of total marks for phase II and 
40 % of the total marks for phase III. The faculty involved in the evaluation process 
were guided about the evaluation process in order to have uniformity in evaluation. 

 A well-designed questionnaire is being used to assess the outcomes of under-
taken activity in meeting the competencies as required by ABET a–k criteria in 
terms of gaining knowledge of system design approach, using of modern engineer-
ing tools, equipping with skills of problem identifi cation and solving, professional 
ethics, oral and written communication [ 10 ,  11 ]. Later the data collected from stu-
dent feedback as well their performance was analyzed. Pre- and post-activity sur-
veys were planned to collect the data regarding expectations of outcomes and 
accordingly compare the views of students before and after conducting the 
activity.  

5     Results 

 The outcome of implementation of the proposed activity for the present batch was 
very impressive; as around 4–5 of stated objectives could be fulfi lled satisfying c, e, 
f, g, i, and k factors of ABET criteria to a good extent. This is evident from the 
feedback collected from students regarding the competencies achieved by them in 
accordance with ABET a–k criteria before and after completion of the activity as 
shown in Table  1  as pre- and post-survey data columns. There are eight questions in 
the questionnaire in order to measure the level of attainment of a–k criteria for six 
proposed objectives listed in Sect.  2 . Students were asked to rate for the attainment 
level under each question using attributes such as Strongly Agree (SA), Agree (A), 
Disagree (D), Strongly Disagree (SD), and Neural having weightage of marks from 
5 points to 1 point, respectively.

   Here the numbers given indicate the number of students answering for a spe-
cifi c question using any of the attributes among SA, A, D, SD, or Neutral. It was 
noted from the data gathered as per Table  1  that average rating has improved in 
post- survey as compared with pre-survey data for each of the competency under 
objectives and also an improved positive response of students toward the activity. 
The same analysis is shown using bar charts plotted for pre- and post-survey data 
in Figs.  2  and  3 , respectively, where y-axis indicates the number of students in 
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the survey, rating the attainment level of stated objectives using attributes SA, A, 
D, SD, or Neutral.

    Also the performance of previous batch of students undergoing theory and labo-
ratory courses without any additional activity is compared with that of the current 
batch of students undergoing the courses along with literature survey-based project 
activity and data are shown in Table  2 . It was noted here also that there was an 
improvement in class average and individual performance for the batch with proj-
ect activity as compared with previous batch. Thus all teams could get information 
about the practical models covering all topics of the theory syllabus through demos 
and presentations of peer teams in order to establish the link between theory and 
practical effectively [ 1 ,  7 ,  9 ]. Students could get very good exposure about the 
interrelation between the different mechatronics elements combined to work as a 
system [ 4 ].

  Fig. 3    Feedback analysis as per the data gathered in Table  1  (From post-activity survey)       

  Fig. 2    Feedback analysis as per the data gathered in Table  1  (From pre-activity survey)       
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6        Conclusion 

 The undertaken activity helped in motivating students and staff to be part of such 
activities in order to boost the teaching learning process. The outcomes of the activ-
ity certainly gave some valuable inputs for design changes in the program as a 
whole in order to accommodate such active learning activities under different sub-
jects [ 3 ,  4 ]. Thus the proposed activity helped students to acquire some of the com-
petencies required by them in the engineering workplace as autonomous and 
lifelong learners through the process of scientifi c enquiry-based learning, problem 
identifi cation, building solution, verifi cation, and validation. Thus the requirements 
of attaining ABET competencies as stated under objectives in Sect.  2  could be 
achieved to a good extent. Based on student feedback and experiential learning, 
there is a need for refi ning the guidelines to be given to students, implementation 
and assessment methods in order to elevate the performance of students and the 
satisfaction level of involved faculty members, in turn making the activity more 
effective.     
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    Abstract     The program outcomes defi ned in outcome-based education shall be 
broadly categorized into technical outcome and professional outcome. In engineering 
education, the professional outcomes are addressed to some extent by introducing 
humanity science course. Professional outcomes are addressed by mini and capstone 
projects. However in core courses the activities need to be designed to address the 
professional outcome. In this paper, we propose an active learning method called 
“Let us join” which is intended to address the professional outcomes. These activi-
ties are necessary in today’s scenario of education as knowledge sharing and group 
learning among students is seldom observed. The process of conduction of the 
activity and attainment of POs are presented in this paper. A survey was carried out 
before and after the activity, looking at the social relationship, self-drive for initiat-
ing communication and ability to integrate the information and document the 
information. The activity assesses students and also grades them according to their 
contribution in the activity.  

  Keywords     Active learning   •   Professional outcome   •   Program outcome   •   Soft skill  
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1         Introduction 

 In today’s scenario the students from this part of Karnataka state are lacking most 
important skill, i.e., soft skill. This skill fulfi lls an important role in shaping an 
individual’s traits. It is of high importance for each and every student to acquire 
adequate skills beyond academic or technical knowledge. The outcome-based edu-
cation method stresses on this issue [ 1 ]. The reported literature presents that the 
responsibility of who will educate soft skill for today’s youth is shifting between 
teachers and parents [ 2 ]. Where the parents, schools, and the community once 
contributed an equal share to the teaching of our youth, a defi cit is now seen. It is 
clear that school, community, and parents equally share the responsibility of pro-
viding soft skill which will play an important role in shaping student’s personality. 
If we look for the most essential soft skills, we need to look at much on the context 
and one’s personal perception. However, the major features that immediately come 
to one’s mind when soft skills are mentioned are communication skills, presenta-
tion skills, and interpersonal skills. And indeed, it is these skills which are mostly 
lacking among graduates from colleges and universities. 

 Communication skill is all about how effectively one can communicate. 
Effective communication is about conveying our ideas, feelings, knowledge, or 
messages to other people clearly and unequivocally. This skill also focus about 
receiving information that others are sending and understanding with as modest 
alteration as possible. Through communication, people reach some understand-
ing of each other, learn to appreciate each other, infl uence one another, and 
build conviction, and study more about themselves and how others perceive 
them [ 3 ]. People who communicate effi ciently know how to interact with others 
fl exibly, dexterously, and responsibly, but without sacrifi cing their own require-
ments and integrity. Presentation skill is all about exhibiting our ideas through 
visual, aural medium using tools or technology [ 4 ]. These are one of the fi rst 
managerial skills which an engineer must acquire. Interpersonal skills include 
the habits, attitudes, etiquette, manifestation, and behaviors that we exhibit, 
which is perceived by others [ 5 ]. The acquisition of interpersonal skills begins 
early in life and is infl uenced by family culture, friend circle, and our observa-
tions of the world around us. 

 Most of the soft skills shall be addressed through collaborative learning tech-
nique. It is a pedagogy tool to teaching and learning process that involves groups of 
learners working collectively to solve a problem, complete a project, or construct a 
product [ 6 ]. Collaborative learning is a state in which two or more people learn 
together [ 7 ,  8 ]. More particularly, it is based on the model that knowledge can be 
acquired within a population where members vigorously interact by sharing experi-
ences and take on various roles [ 9 ]. It also refers to methodologies and environment 
in which learners connect in a common task where each individual depends on and 
is answerable to each other. It is learnt that there exists an inherent social nature of 
learning for acquisition of knowledge [ 10 ]. Often, collaborative learning is used as 
an umbrella term for a variety of pedagogies that involve joint scholarly effort by 
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students or students and teachers [ 11 ,  12 ]. The list of advantage of collaborative 
learning is infi nite [ 12 ]. As per literature there are 44 benefi ts of collaborative learn-
ing. We can summarize the benefi ts of Collaborative learning (CL) as the element of 
benefi t as listed in [ 11 ,  12 ]. (Johnson, Johnson, and Smith, 1991): There are differ-
ent strategies, tools, and methods for collaborative learning method. The detailed 
list shall be found in literature [ 13 ].  

2     Methodology 

 The strategy for the “Let us join” a collaborative learning experiment is as presented 
below. This activity is intended for Computer Organization course at 2nd-year level 
of UG course. But it can be redesigned for any course at appropriate level. Instructor 
designs the page consisting of an “Image of computer part” on one side, and an 
“alphabet” on the other side. Number of papers will be equal to number of groups, 
where each group consists of either four or fi ve students. Then each page is cut into 
four parts. Instructor provides each one part of page to each one of student. 

 When all members of a group (students) join all appropriate parts, they can iden-
tify “image” and “alphabet.” After identifying image and alphabet, the group should 
write technical report of that computer part. If all the alphabets are arranged properly 
it portray name of a person. Groups should identify the name. Assessment is based 
on identifi cation of image/alphabet, meaningful word, and technical report. 

2.1     Assessment of Soft Skill 

 Before carrying out collaborative learning method “let us join” activity, survey is 
done to evaluate the presentation, communication, and interpersonal skills of students. 
For this the survey questions are gathered from various sources and survey was done 
when students are free from academic load, so that they think effectively and pro-
vide valid input toward the survey. 

2.1.1     Communication Skill 

 Questions for communication skills test are originally designed by Robin Jacobs, 
Portland Community College, Portland, Oregon [ 14 ]. The survey done with these 
questions will help students to evaluate own communication skills and style, and 
provide them with helpful tips for becoming a good communicator and a team 
player. Questions are designed in such a way that student has to mark the one (out 
of three options A, B, or C) that best describes their communication style. Totally 
there are 24 questions. The best answer is not necessarily the correct one. In fact 
there is no Right or Wrong answer.  
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2.1.2     Presentation Skill 

 For presentation skill questions designed by Mandel, S is used [ 15 ]. The question 
provides the student to evaluate their own presentation skills. It helps them to iden-
tify areas where they should try to improve. Student has to read the question and tick 
the number that best describes him/her. Every question is evaluated for 5 marks. 
And there are 20 questions. If the student scores:

•    Between 80 and 100, he is an accomplished speaker who simply needs to main-
tain basic skills through practice.  

•   Between 60 and 80, he has the potential to become a highly effective presenter.  
•   Between 40 and 60, he requires major improvement in presentation skill.  
•   Between 30 and 40, he should show dramatic improvement with practice.  
•   If the total is below 30, he requires lot of efforts to gain presentation skill.     

2.1.3     Interpersonal Skill 

 For interpersonal skill the questions designed by R B Hill is used [ 5 ]. For each state-
ment listed in the question paper, student should rate himself on a scale of 1–10 for 
each of the items. A rating of 10 would indicate that the statement is always true and 
a rating of 1 would indicate that it is never true.   

2.2     Assessment of Program Outcome 

 The average of earned score of students is calculated for the different evaluation 
parameters such as analyzing the problem, executing the activity, team work, and 
preparation of report. These activities are mapped on to following POs as in Table  1 .

3         Results and Discussion 

 Survey was carried out prior to “Let us Join” activity and survey after this activity 
reveals a major change in interpersonal skill and communication skill, while not 
much change in presentation skill. Figure  1a–c  shows the comparative statistics of 

   Table 1    Evaluation rubrics   

 Sl. no.  Evaluation parameter  PO addressed  Program outcome 

 1.  Analyzing the 
problem 

 a  Ability to apply the knowledge of science, 
mathematics, and engineering concepts 

 2.  Executing the activity  a 
 3.  Team work  d  Ability to function on multidisciplinary teams 
 4.  Preparation of report  g  Ability to communicate effectively with a range 

of audiences 
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survey done prior and after “Let us Join” activity. When this score is compared with 
earlier scores, students were pleased with the progress that they have made.

   Over all “Let us Join” proved that collaborative learning improves learning where 
students enjoy the course and were able to recognize their classmates by their names. 
Majority of the students met the expected outcome. However, some percentages of 
students were reluctant to work in team. Observation from the Fig.  1a–c  shows that 
there is around 20 % of improvement in presentation skill, 50 % of students were 
found to be improved in communication skill, and 30 % of improvements in inter 
personal skill. As an outcome the students were able to meet following intended 

  Fig. 1    Survey of ( a ) communication skill, ( b ) presentation skill, and ( c ) interpersonal skill, before 
and after “Let us Join” activity       
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learning objective. L3 level (application of knowledge) of Bloom’s taxonomy is 
achieved and Logical, Interpersonal, Linguistic – Gardner’s multiple intelligence 
level is addressed through this activity. 

3.1     Assessment of Program Outcome 

 Table  2  shows that through this active learning method program objectives d and g 
are attained to higher level, which is obviously true.

4         Conclusion 

 The activity carried out to address professional outcome has come out better. Study 
shows that majority of soft skills shall be addressed by active learning techniques. 
Active learning intern requires openness and knowledge sharing. In order to facili-
tate knowledge sharing among students, building trustworthy relationship is the fi rst 
and foremost step. Such trust can be built and strengthened via gradual mutual 
understanding. Therefore, there should be various opportunities and occasions for 
students to get to know each other. Through this type of activities, program out-
comes d and g are addressed to an appreciation level.     
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    Abstract     Globally, teaching engineering courses using PowerPoint lecturing and 
assessing through objective tests is not a new practice. However, from the Indian 
context, these practices are still getting explored in teaching. The current study 
attempts to improve students’ conceptual understanding of engineering courses, 
using objective tests followed by immediate group discussion practice. Objective test 
encourages students to explain answer to questions that seem tricky or confusing. 
The present study showed improved performance of students in theory as well as in 
practical of complex course like System Programming. This study provides evidence 
on improvement in performance of students by using this teaching practice.  

  Keywords     Objective test   •   Feedback   •   University result   •   Likert’s scale  

1         Introduction 

 Teaching and learning engineering courses requires proper guidance and effective 
teaching methods. The multiple-choice test is a staple of higher education because it 
provides an effi cient and effective measure of student learning (McKeachie 1999). 
The practice of conducting objective test and arranging the discussion after it helps the 
students to improve the knowledge of particular course. Students also get their doubts 
cleared about course during the discussion. This is the optimal method of testing 
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students’ knowledge about the course. Guessing a wrong answer and selecting a 
wrong answer through a reasoning process are negative consequence of multiple- 
choice tests. Students may learn false facts from multiple-choice tests, the positive 
effects of testing outweigh this cost [ 1 ]. 

 The current study uses objective type tests and group discussion technique to 
improve students’ understanding in engineering courses. In the present study, we have 
considered one of the complex course namely Systems Programming (SP) of Third 
Year Computer Science & Engineering, U.G. program. Direct and Indirect method is 
used to test the effectiveness of objective type tests and group discussion techniques.  

2     Literature Survey 

 Various types of teaching methods exist, some applied descriptive and inferential 
statistical techniques to test the effectiveness of fi ve teaching methods, namely, lecture, 
lecture/discussion combination, jigsaw, case study, and team project in a large class 
setting [ 2 ]. Experiments conducted by [ 3 ] show how teacher have used both multiple-
choice and constructed response questions to evaluate students’ understanding of 
course materials and principles. 

 The use of multiple-choice questions (MCQ) has both positive and negative 
consequences [ 4 ]. This study also shows that feedbacks provide positive effects and 
reduce the negative effect of multiple-choice testing. Study conducted by [ 5 ] 
provided verifi cation feedback for learners to correct errors, which improved their 
understanding and performance in the subject. Study [ 6 ] shows the effectiveness of 
active learning methods, in which students do activities other than listen to lecture, 
such as read, write, pose questions, respond to questions, solve problems, and so on. 
Burton et al. [ 7 ] discussed various methods to formulate multiple-choice tests along 
with their advantages and limitations. The advantages of conducting multiple- 
choice tests are discussed by various researchers [ 8 ,  9 ]. 

 By employing active learning strategies, students not only learn content, but also 
the process [ 10 ]. The use of multiple-choice questions as a formative assessment 
technique is explained in [ 11 ]. The research [ 12 ] implemented a combination of 
periodic short objective tests, followed by immediate group discussion and 
feedback, in a Systems Programming course. The present study is the extension of 
the research in [ 12 ].  

3     Methodology Used 

 The research questions examined in this study are as follows:

•    How to improve students’ conceptual understanding theoretically as well as 
practically of System Programming course?  

•   How to improve student’s performance in various competitive exams for higher 
studies and for employment?   
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Objective test followed by immediate group discussion technique is used in the 
present study. 

3.1     Sample Used 

 Three groups were formed for this study: Third Year Computer Science & 
Engineering (TECSE) (Group A – Experimental Group) Year 2012–2013, TECSE 
(Group B – Control Group) Year 2012–2013, and TECSE (Group C – Control 
Group) Year 2011–2012. Each group consisted of 30 students. Formation of each 
group is shown in Table  1 .

   For this study, students’ subject marks in university examination, practical oral 
examination (POE), and Aptitude Test (AT) conducted as a part of “Value Added 
Program” marks were considered.  

3.2     Organization of Case Study 

 The organization of case study in detail is shown in Fig.  1 . The objectives of this 
study are as follows:

•     To improve the result of complex courses  
•   To make concept more clear and give more practical knowledge to students  
•   To improve students’ performance in various competitive exams for higher studies 

and for employment     

  Table 1    Formation of group  

 Sl. no. 
 Number 
of students  Description of performance 

 1.  10  Distinction 
 2.  10  First class 
 3.  10  Second and pass class 
  Total    30  

  Fig. 1    Organization of case study       
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3.3     Procedure 

 Three-group experimental studies to test the effectiveness of objective test followed 
by immediate group discussion were conducted. The sample consists of 90 students 
from Third Year Computer Science Engineering (TECSE) of Solapur University. A 
randomized sample of 30 students were selected and equally distributed among the 
three groups: Group A – Experimental Group, Group B and C – Control Group 
based on their merit in the university result. 

 Group-A participants were given objective type test after completion of every 
chapter of a particular course. After the test, group discussions were conducted 
for Group-A students which helped students to clarify their doubts and to cor-
rect their response provided in objective type tests; while Group-B and C had no 
such interaction. 

 The objective tests are conducted unit wise of Course Curriculum (System 
Programming). In all, six objective tests were conducted for six units and one 
objective test was conducted for the entire course. Group discussion was carried 
out with regard to the answers of the objective questions. During the group dis-
cussion, fi rst, the students were made to understand the approach of the questions 
in the test. Then, the various options for each question were considered and the 
right answer was brought to the fore by explaining the reasons. Students were 
also encouraged to raise questions regarding the solution of the questions. This 
process helped the students in their conceptual understanding regarding various 
topics of a particular unit. Objective tests containing multiple-choice questions 
were used as direct assessment tool. 

 In our institute, an aptitude test for TECSE students is conducted to prepare stu-
dents for Technical interview and competitive exams like GATE. In semester I of 
TECSE, non-technical aptitude test and in semester II, technical aptitude tests based 
on the topics like C-Programming, Java Programming, Microprocessor, Formal 
System & Automata, SP, etc., are conducted. Table  2  shows the objective, data set, 
and performance metric used to achieve these objectives.

   Table 2    Data set and performance metric to achieve objectives   

 Sl. no. 
 Objective 
(Obj.)  Data set used  Performance metric used 

 1.  Obj-1  Solapur University TE(CSE) Part-I 
November–December 2011–2012 
& 2012–2013 result 

 Marks obtained in SP, % 
and class 

 2.  Obj-2  Solapur University TE(CSE) Part-I POE 
November–December 2011–2012 & 
2012–2013 result 

 Marks obtained in SP 
POE, % and class 

 3.  Obj-3  AT result conducted in program “Value Added 
Program” 

 Aptitude test marks in SP 

S.A. Halkude and S.B. Aher



509

3.4         Objective Test Questions Classifi cation 

 Table  3  shows objective test conducted and their duration in this study. 
 Objective test conducted after completion of chapter consists of following types 

of questions:

•    True/false questions  
•   Questions with multiple-choice options  
•   Questions based on arranging the activities  
•   Questions based on assembly language programming  
•   Questions to improve the programming skill in assembly language  
•   Questions on a given diagram    

 Table  4  shows objective test questions classifi cation with example related to 
System Programming subject.

3.5        Bloom’s Taxonomy 

 Bloom’s taxonomy divides educational objectives into three “domains”:   Cognitive    , 
  Affective    , and   Psychomotor     [ 13 ]. Objective test questions conducted in present study 
are covering cognitive category of Bloom’s taxonomy that includes remember, under-
stand, apply, and analyze. Figure  2  shows the cognitive category of Bloom’s taxonomy, 
while Table  5  shows the cognitive level analysis of objective test question types.

3.6         Feedback 

 In this study, indirect assessment tool like survey questionnaire with Likert’s scale 
of fi ve values (strongly agree (SA), agree (A), neutral (N), disagree (D), and strongly 
disagree (SD)) is used to know about student’s perception about this case study. The 

   Table 3    Topics covered and their duration for objective tests [ 12 ]   

 Sl. no. 
 Name of topic (duration of test 
in minutes) 

 Number of objective 
questions in test 

 Discussion time 
(in minute) 

 1.  Language processors (60)  65  60 
 2.  Assemblers (45)  55  45 
 3.  Macro (20) (small chapter)  25  15 
 4.  Compilers (45)  45  30 
 5.  Linker (30)  40  30 
 6.  Loader (30)  40  30 
 7.  Grand objective test (45)  50  30 
 8.  Aptitude test (45)  50  – 
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Type 1.True/ False Questions
Semantic gap is the gap between programming language domain & execution 
domain. True/  False 
Type 2.Questions with multiple options given 
Address  assigned by the loader to symbol is called                                  
a)  Load origin b) Load time adder     c) Link origin          d) Link time origin
Type 3.Questions based on arranging the activities
Following activities are performed during which pass:
i)  Isolate the label, mnemonic opcode and operand fields of statement
ii) Obtain the machine opcode corresponding to mnemonic from the mnemonic table

iii) Check validity of mnemonic opcode through lookup in mnemonics table
iv) Obtain address of memory operand from symbol table

a)Pass-I, Pass-II, Pass-I, Pass-II
b)Pass-II, Pass-II, Pass-I, Pass-I
c)Pass-I, Pass-I, Pass-II, Pass-II 
d) None of the above
Type 4. Questions based on assembly language

START   101
READ      N
PRINT     N

N   DS            01
What is equivalent machine code?
a)  101)  +  09  0, 103     b)101)  +  08  0, 103     

102 ) +  10  0, 103        102 ) +  10  0, 103         
103)                              103)    

c)  101)  +  09  0, 104      d) 101)  +  07  0, 103
102 ) +  11  0,103           102 ) +  10  0,103  
103) 103)

Type 5. Questions to improve the programming skill in assembly language
Consider the following macro

INCR             &MEM_VAL, &INCR_VAL ,  & REG
MOVER        &REG, & MEM_VAL
ADD             &REG & INOR_VAL
MOVEM      &REG, &MEM_VAL

MEND
Macro call for above definition will be

a) INCR       A,B ,AREG                                                 
b) INCR_M  MEM_VAL=A,INCR_VAL=B,REG=AREG
c) INCR_M INCR_VAL=B,REG=AREG,MEM_VAL =A  
d) All of above

Type 6.Questions based on given diagram
For a*b, Avail_in = true for which blocks:

a) 2,5,8,9 b)5,6,8,9 c)1,7,8,9 d) 2,5,6,7,8,9

   Table 4    Objective test question classifi cation with example       
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feedback was conducted twice – at the end of the semester and after the University 
examination. Tables  6  and  7  show these feedback questions and percentage of feed-
back. From Table  6  it is found that 100 % students agreed that objective test after 
completion of chapter is useful and 93 % students agreed that discussion after 
objective tests is helpful.

4          Experimental Result 

 The format of question paper of Solapur University Exam consists of both subjec-
tive and objective questions. The results obtained for System Programming course 
in University examination, POE, and Aptitude test marks are analyzed and are 
shown in Fig.  3 .

   Data on x-axis represents marks while y-axis represents students. Group-A students 
showed better performance in all three assessments compared to Group B & C 
students who were not subjected to any kind of interaction. The  t -test results also 
show signifi cant statistical difference among the groups for three interventions as 
shown in Figs.  4  and  5 . Group-A students showed better understanding of concepts 
as compared to Group B & C.

  Fig. 2    Bloom’s taxonomy: 
cognitive category [ 14 ]       

   Table 5    Bloom’s taxonomy: cognitive level analysis   

 Sl. no.  Objective test questions type 
 Bloom’s taxonomy – 
cognitive level 

 1.  Type 1  Remember 
 2.  Type 2  Remember 
 3.  Type 3  Understand 
 4.  Type 4  Apply 
 5.  Type 5  Apply 
 6.  Type 6  Analyze 
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    Table 6    Feedback form (at the end of the semester)   

 SA  A  N  D  SD 

 Whether objective test after completion of chapter was useful?  60  40  –  –  – 
 Whether objective test covered complete chapter?  43.33  53.33  3.33  –  – 
 Whether discussion after objective test was useful?  46.67  46.67  6.67  –  – 
 Whether concepts about particular chapter were cleared?  43.33  43.33  13.33  –  – 
 Whether concepts about SP subject were cleared?  36.67  50  13.33  –  – 
 Am I more confi dent due to these tests for examination?  53.33  26.67  20  –  – 
 Question bank containing all objective tests will be useful 
at the time of examination. 

 50  43.33  6.67  –  – 

 Question bank containing all objective tests will be useful for 
practical oral examination. 

 26.67  46.67  23.33  3.33  – 

 Question bank containing all objective tests will be useful in 
exam like Aptitude test, GATE examination, etc. 

 50  43.33  6.67  –  – 

   Table 7    Feedback form (after the university examination)   

 SA  A  N  D  SD 

 I got more interest in studying for examination of SP  36.67  40  23.33  –  – 
 Question bank containing all objective tests was useful 

at the time of examination 
 43.33  56.67  –  –  – 

 Question bank containing all objective tests was useful 
practical oral examination 

 26.67  56.67  16.67  –  – 

 Question bank containing all objective tests was useful 
in exam like Aptitude test 

 56.67  33.33  10  –  – 

 Question bank containing all objective tests was useful 
in exam like GATE examination 

 60  33.33  6.67  –  – 

100
50
45

35

25

15

5

0

10

20

30

40

50

45

35

25

15

5

0

10

20

30

40

90

80

70

60

50

40

30

20

10

0
1 2 3 4

System Programming Course Group A
System Programming Course Group A

System Programming Course Group C System Programming Course Group C
System Programming Course Group B

System Programming Course Group B

5 6 7 8 9

SP University Marks Comparison SP POE Marks Comparison

SP Aptitude Test Marks Comparison

SP Aptitude Test Marks of Gr. A

SP Aptitude Test Marks of Gr. B

SP Aptitude Test Marks of Gr. C

10 1112 13 1415 16 17 1819 20 2122 2324 252627 282930 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 1819 20 2122 23 24 25 26 2728 29 30

1 2 3 4 5 6 7 8 9 1011 12131415 1617 1819 20212223 242526 27282930

  Fig. 3    Performance of students in SP       

 

S.A. Halkude and S.B. Aher



513

5         Conclusion 

 This paper presents a case study on improving students’ conceptual understand-
ing in System Programming course using objective type tests and group discus-
sion technique. It is observed that these teaching techniques are useful to improve 
students’ interaction, in addition to improvement in conceptual and practical 
knowledge of the course. The intervention used in the case study is very popular 
in other parts of the world but it is still not used on a large scale as a part of peda-
gogy in several parts of India. Therefore, this paper emphasizes the application 
and importance of this teaching technique for various engineering courses con-
ducted in Indian context.     
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    Abstract     A lot of emphasis is being placed on the development of the global 
engineer with the recommended twenty-fi rst century skills. The shift to outcomes 
based engineering education and accreditation is already complete in the developed 
countries while the shift is still in progress in India. Rapid changes in technolo-
gies, a diversifi ed classroom populated with students having different epistemo-
logical beliefs and thinking and rising cost of education are putting a lot of 
pressure on engineering education in the developing countries. This calls for inno-
vations in the engineering curricula. The challenge of the twenty-fi rst century 
skills is applicable to both the engineering teachers and the students. This paper 
makes an attempt to show that by adopting proper instructional design principles 
and a right balance of both objectivist and constructivist pedagogies combined 
with a technology enriched classroom a true transformation of the engineering 
teacher to a teaching engineer can happen in the context of classroom engineering 
or re-engineering. This should enable the teachers to move from a purely didactic 
approach to teaching to a more constructivist based teaching environment. This 
paper draws upon various research papers, reports and recommendations and 
outlines a conceptual design approach to create effective learning environments 
for classroom engineering and enable the teaching engineer. A typical course in 
engineering design has been taken as an example.  

  Keywords     Effective learning environment   •   Classroom engineering   •   Teaching 
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1         Introduction 

 In India 75 % of the engineering graduates are taught at the private engineering 
colleges and universities. A lot of changes have happened in the fi eld of engineering 
education in India and more so in the developed countries. Froyd et al. [ 1 ], have 
identifi ed fi ve major shifts that have reshaped or are currently reshaping, engineer-
ing education over the past 100 years. The fi rst shift was moving from a practice 
based approach to a science based approach which happened after the World War 
II. The second was outcomes based approach based largely on the actions of the 
Accreditation Board of Engineering and Technology (ABET). The fi rst two shifts 
have been completed. The three shifts that are still in progress are: (1) a renewed 
emphasis on design; (2) the application of research in education, learning, and 
social-behavioural sciences to curricula design and teaching methods; and (3) the 
slowly increasing prevalence of information, communication, and computational 
technologies in engineering education. Rajala [ 2 ] has suggested that there is a need 
for a sixth major shift in engineering education i.e. the integration of attributes of a 
global engineer. In India the shift towards outcomes based accreditation is still in 
progress. This shift requires the engineering teacher to grow from an effective 
teacher to a scholarly teacher and beyond. Sanghi [ 3 ] in his article “The twenty-fi rst 
century engineering crisis” states that there are two problems with our existing 
University education setup:

•    Lack of innovation because of standardization of curriculum structure and deliv-
ery with hundreds of engineering colleges under a single university  

•   The students are being trained to solve problems of the developed world.    

 Added to these are a number of other challenges such as:

•    A highly diversifi ed student population with different epistemological beliefs 
and thinking  

•   Rapid changes in technologies  
•   Aging professors and new inexperienced faculty  
•   Faculty lacking in experience with real life engineering projects as well as engi-

neering education research  
•   Rising cost of education  
•   Slowing job market  
•   Uncertain economic scenarios    

 Hence twenty-fi rst century has lots of challenges and opportunities for engi-
neering education in India. The awareness of outcomes based education is slowly 
spreading and a lot of emphasis is also being laid on developing the engineering 
graduates with twenty-fi rst century skills and enabling the scholarly teacher to 
enhance the teaching-learning environment in engineering education. This 
requires changes in the curricula where the course design and delivery has a 
proper balance of breadth and depth. The outcomes based education is an objec-
tivist approach and it becomes imperative to move beyond and add a constructivist 
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approach to enhance engineering classrooms for the twenty-fi rst century. Time 
has now come for the engineering teacher to get involved in classroom engineering 
to enhance the teaching- learning activity.  

2     Need for Twenty-First Century Classroom Engineering 

 Duderstadt [ 4 ] has stated that “It could well be that faculty members of the twenty- 
fi rst century college or university will fi nd it necessary to set aside their roles as 
teachers and instead become designers of learning experiences, processes, and envi-
ronments”. Ramo [ 5 ] also essentially predicted the rise of engineering education as 
a separate discipline, “There is probably a new profession known as ‘teaching engi-
neer,’ that kind of engineering which is concerned with the educational process and 
with the design of the machines, as well as the design of the material.” Chan and 
Fishbein [ 6 ] have noted, “The engineer’s role in society is no longer, if it ever was, 
limited to solving technical issues. Today, broader issues with society-wide and 
global implications require the profession’s attention”. Engineering education and 
the profession are confronting a challenging crossroad. The engineering teacher 
now has a greater role to play. The teacher should be able to design the learning 
experiences, the teaching-learning processes and an effective learning environment 
in the classroom. This can be termed as classroom engineering. To reengineer the 
existing classroom, the outcome based approach can be extended by including a 
constructivist approach. Here the teacher can act as a consultant, and also coach and 
provide required scaffolding for active learning. As the students become more pro-
fi cient the coaching can be diminished and the scaffolding gradually removed so 
that the students become more autonomous. The reengineering can include factors 
like proper breadth and depth in the course design and classroom engineering to 
build the right kind of environment for active learning. Classroom engineering can 
play a dual role of enabling the student as well as the teacher as shown in Fig.  1 . 
Hence the key to twenty-fi rst century classroom engineering is to design effective 
learning environments. Effective learning environments have the ability to empower 
the learner towards constructivism and at the same time enable the teachers to move 
from a purely didactic approach to teaching to a more constructivist based teaching 
environment. The use of technologies in the design of the learning environments has 
the potential to expand choices about how we teach and learn.

Classroom Engineering

21st Century Skills
(Student)

21st Century Skills
(Teacher)

  Fig. 1    Classroom engineering       
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3        Effective Learning Environments 

 “Learning itself cannot be  designed . It can only be  designed for  through the design 
of learning environments.” While re-engineering the classroom, the teaching engi-
neer, has to lay more emphasis on design, learning, social- behavioural science 
research and the role of technology. An effective learning environment is the 
intersection of good design approach and the application of sciences of learning. 
Some of the basic requirements of effective learning environments can be written 
as follows:

•    Capture learners’ attention (intrigue, inspire, confound, personalize)  
•   Build on prior knowledge/experience (or lack thereof)  
•   Facilitate active, social, collaborative engagement  
•   Convey a sense of presence/immediacy among participants  
•   Support and challenge diverse learners by providing multiple, accessible meth-

ods of content presentation, student expression, and student engagement  
•   Demand practice and provide for ongoing assessment and feedback  
•   Engage in authentic representations of real situations  
•   Facilitate development of process skills and metacognition    

 Some of the benefi ts of effective learning environments can be:

•    Problem/Inquiry based approach brought into teaching-learning process  
•   Faculty move from lower level to higher level i.e. as scholars/researchers  
•   Students as scholars/researchers  
•   Scholarly endeavors enrich classroom lecture/presentation  
•   Scholarly endeavors incorporated into classroom experience     

4     Conceptual Design of Effective Learning Environment 

 A lot of emphasis has been laid by many researchers on the use of higher order 
thinking skills in the construction of knowledge and understanding and the require-
ment of the learners to be engaged with associated activities in their learning 
process. Technology itself does not bring about the learning but it has been observed 
that technology-enriched classroom environment has a positive effect on students 
and leads to acquisition of higher order thinking skills. An appropriate blend of learn-
ing theory, instructional technologies and technology- enriched classroom environ-
ments can facilitate effective and up to date learning and teaching. The design and 
development of effective learning environments involves a signifi cant shift from a 
behavioural and objectivist perspective to that of cognitive and constructivist. Since 
most engineering design problems are ill-structured and open ended constructivism 
provides designers with an alternative basis for thinking. Didactic instruction has 
always been the paradigm in traditional education where the learner is passively 
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receiving information. The challenge is now to shift the emphasis on constructivism 
approach to learning at the same time maintaining the outcomes based objectivist 
approach. Illeris [ 7 ] has stated that learning includes three dimensions namely, the 
cognitive dimension of knowledge and skills, the emotional dimension of feelings 
and motivation, and the social dimension of communication and cooperation – “all 
of which are embedded in a societally situated context”. 

 According to Gance [ 8 ] the main pedagogical components commonly associated 
with constructivist learning model are:

•    A cognitively engaged learner who actively seeks to explore his environment for 
new information.  

•   A pedagogy that often includes a hands-on, dialogic interaction with the learning 
environment.  

•   A pedagogy that often requires a learning context that creates a problem-solving 
situation that is realistic.  

•   An environment that typically includes a social component often interpreted as 
actual interaction with other learners and with mentors in the actual context of 
learning.    

 The proposed design of effective learning environment is centered on a focus 
problem and involves the student in a learning cycle that consists of four distinct 
phases:

•    Activation of prior experience  
•   Demonstration of skills  
•   Application of skills  
•   Integration of these skills into real-world activities.    

 The proposed design uses the 4C/ID model as given by Van Merrienboer [ 9 ] and 
fi rst principles of instruction by Merrill [ 10 ] as reference. The elements in the 
conceptual design of an effective learning environment are shown in Fig.  2 .

   The learning environment is made up of instructional activities which are 
instructor centered, learning activities which are student centered, and feedback 
and assessment which are organized so that there is a progression of knowledge 
and skill components and the student gets to demonstrate metacognitive skills at 
the end of the course. The design objective is to achieve a balance between the 
breadth and the depth of the course design and delivery and at the same time to 
achieve all the targeted outcomes. The course design starts with the course learning 
goals which are used to identify the learning and instructional activities. The 
instructional activities are derived from the fi rst principles of instruction and are 
aligned to the learning activities. The course learning outcomes are identifi ed in 
alignment with the course learning goals and are used for assessment and feedback. 
The instructional activities can be adjusted based on the feedback. The elements of 
the course design are shown in Fig.  3 .

   The prescriptive design process for the effective learning environment design 
consists of fi ve stages as shown in Table  1 .
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5        Courseware Design Example: Engineering Design 

 A course on engineering design is taken as an example to demonstrate the course-
ware design. The courseware design is done keeping in mind the fi rst principles of 
instruction given by Merrill [ 10 ] so that a relationship between the instructional 
objectives and instructional activities are established as shown in the Table  2 .

   The complete course is divided into two phases. In phase I the student teams 
are formed and the problem is stated. The teacher then demonstrates the whole 
process of engineering design using a real world problem. The whole task is bro-
ken into sub-tasks and arranged in progression and then demonstrated. Various 
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    Table 1    Stages in prescriptive design process   

 Stage  Activities 

 1  Identify desired learning goals and learning outcomes. 
 2  Identify the whole task or the focus problem(s) of the type that students will be taught 

to solve by the teacher. 
 Identify a progression of problems of increasing diffi culty or complexity or breakup 

the whole task into sub-tasks or sub-problems and arrange them in progression. 
 Identify the component knowledge and skills required to complete each task or solve 

each sub-problem in the progression. 
 Select the instructional strategy that will be used to engage learners in solving the 

problems and help them to acquire the component knowledge and skills required 
to complete the sub-tasks or solve the sub-problems. 

 Plan learning experiences and instructions in terms of breadth (instructor centered) 
and depth (student centered). 

 3  Select appropriate tools and techniques 
 4  Establish feedback and assessment 
 5  Student course project 

   Table 2    Instructional strategy   

 Instructional objectives  First principles of instruction  Courseware design 

 Problem-centered 
instructions 

 Learning is promoted when 
learners are engaged in 
solving real-world 
problems 

 The courseware is presented in the 
context of real-world problems. 

 Students are shown the problem and 
engaged at both the task and 
operation level and also involved in 
a progression of tasks or problems. 

 Activation of prior 
experience 

 Learning is promoted when 
existing knowledge is 
activated as a foundation 
for new knowledge 

 The courseware is designed to activate 
prior knowledge or experience. The 
students are directed to recall past 
experience and provided relevant 
experience. 

 A prescriptive based structure is used. 
 Demonstration of 

skills 
 Learning is promoted when 

new knowledge is 
demonstrated to the 
learner 

 The courseware demonstrates what is 
to be learned. The demonstrations 
are consistent with the instructional 
goals. 

 Application of skills  Learning is promoted when 
new knowledge is 
applied by the learner 

 The students will apply their newly 
acquired knowledge and skills to 
complete a set of tasks or 
problems. 

 The application is consistent with the 
instructional goals and involves a 
progression of tasks or problems 
with feedback. 

 Students are provided with gradually 
diminishing coaching. 

(continued)
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resources, tools and techniques are used during the instructional activities which 
consist of modeling, coaching and scaffolding. The students are coached to 
undergo learning activities like exploration, articulation and refl ection. The 
teacher provides scaffolding wherever required and gradually removes it so that 
the students become more autonomous. Phase I involves all the activities of from 
stage 1–4 as shown in Table  1 . 

 The learning goals are the drivers and they can be mapped to the course learning 
outcomes which in turn can be used for assessment and feedback. The outcomes 
based accreditation criteria (ABET), a–k, are used for outcomes assessment. The 
course learning goals are framed as follows:

•    Perform a systematic need analysis based on contemporary issues and formulate 
an open ended problem statement. (ABET criteria – a, e, j)  

•   Apply the engineering design process to the indentifi ed problem and develop a 
working model or a prototype. (ABET criteria – a, b, e)  

•   Work in a team to complete the above two activities. (ABET criteria d, g)  
•   Apply critical thinking and creative problem solving techniques to design systems, 

subsystems and components, individually and in a team. (ABET criteria a, c, e, i)  
•   Apply the necessary mathematical and computer based tools to solving complex 

design problems. (ABET criteria a, k)  
•   Apply appropriate research methods including design, data analysis, and 

 interpretation to a research project. (ABET criteria a, c)  
•   Practice ethical behavior while engaging in course learning activities. (ABET 

criteria f)  
•   Communicate effectively in an oral presentation and written project report. 

(ABET criteria g)    

 In phase II the student teams are autonomous and using the metacognitive knowl-
edge and skills developed has to complete the course project. During the course 
project stage the teacher will act as a consultant and a mentor. Stage 5 is part of 
phase II. The student course project will be of 8 weeks duration. The students work 
in autonomous mode most of the time with the teacher acting as a consultant. The 
teacher may provide scaffolding if required and gradually remove the scaffolding. 
The various phases in the course project and the time durations are shown in Table  3 .

 Instructional objectives  First principles of instruction  Courseware design 

 Integration of these 
skills into 
real-world 
activities 

 Learning is promoted when 
new knowledge is 
integrated into the 
learner’s world. 

 The courseware provides techniques 
that encourage students to integrate 
the new knowledge or skill to 
complete a course project. 

 The students have to publicly 
demonstrate their new knowledge 
through their course project, refl ect 
on their new knowledge and create 
new ways to use their new 
knowledge. 

Table 2 (continued)
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6         Conclusion 

 It can be seen that a proper instructional designs and a right balance of outcomes 
based objectivist and constructivist pedagogies based approach enhances teaching- 
learning experiences by providing proper breadth and depth to the course design 
and delivery. Since the approach is that of problem based learning, most of the cri-
terions of the outcomes based accreditation will be naturally satisfi ed at the same 
time enhancing metacognitive knowledge of both the student and the teacher. Hence 
the above approach not only helps in shifting to outcomes based design and delivery 
but also enables the teacher to move to a higher level and enable him/her to carry out 
educational research.     
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    Abstract     A course on Microcontrollers is being offered in the Department of 
Automation and Robotics at BVBCET since last 2 years. The students enrolled in 
this department come from different disciplines such as Mechanical, Mechatronics, 
and Electronics. Teaching microcontrollers for such students is a challenging task 
because of the diverse background of the students. In this paper we propose a 
course design which will hold the interest of the students and at the same time be 
able to teach about the current microcontrollers. The course is so designed that it 
has three objectives. One, the student should be able to program both in assembly 
and C language. Two, use real-world concepts and techniques to identify the real 
world problems and solve to automate them. Third and the important objective is to 
make students capable of using this course in mini, minor and major projects and 
in their industrial career. The laboratory was developed using a frugal approach in 
which low cost open source kits were identifi ed and acquired in more numbers so 
that the students could easily take the kits and work wherever they want. The exper-
iments and projects were built around these open source inexpensive kits. The 
results are very encouraging and they show that all the students took interest and 
were comfortable with microcontroller kits and were able to build good projects at 
the end of the laboratory.  

     Keywords     Microcontrollers   •   Assembly and C language   •   PIC microcontroller 
development board and Arduino  
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1         Introduction 

 A course on embedded systems is included in most of the undergraduate programs 
in Electrical and Computer science disciplines, while other programmes like 
mechanical and production sciences are now realizing the importance of the embedded 
microcontroller. The microcontrollers have become ubiquitous and are found in a 
variety of applications starting from a washing machine to an industrial robot. It is 
important for students working in multidisciplinary teams to learn embedded 
systems so that they can handle embedded systems effi ciently to solve the problems 
related to their discipline [ 1 ]. This paper proposes a method to design and imple-
ment laboratory experiments that allow students to study and understand the real 
world problems in the context of embedded systems and solve them. 

 Microcontroller courses are usually diffi cult to teach and learn because of rapid 
growth in technology, increased complexity and application in real-time systems. 
Teaching the application aspect of microcontrollers requires students to gain extra 
knowledge in the application domains. Teaching and learning the microcontrollers 
can be even more diffi cult when students come from diverse backgrounds. But a 
well organized, application oriented and project based [ 2 ] teaching will help in 
motivating the students to gain the required knowledge. To meet these objectives, 
the following steps have been taken during the course delivery:

    1.    Co-relate theory and laboratory.   
   2.    Identify real-world problems.   
   3.    Play with different laboratory equipments like sensors and actuators.   
   4.    Collect and analyze the data and   
   5.    Be motivated to learn new things.    

  Section  2  discusses the development strategies and platforms selected and also 
explain about the approaches followed in the laboratory. The methods used to moti-
vate the students towards the course and use of modern engineering tools is explained 
in Sect.  3 . The Sect.  4  reports student’s feedback on the course and discusses about 
course learning objective.  

2      Development Strategies and Platforms 

 The microcontroller theory is taught using PIC microcontroller, where students learn 
about the internal architecture along with I/O port programming, timers, serial com-
munication, interrupt programming, interfacing of hardware, ADC and DACs [ 3 ]. 
While in the laboratory students will work on two different microcontrollers i.e. PIC 
microcontroller and Arduino [ 4 ]. This helps the student to understand the behavior of 
different microcontrollers, analyze results and compare their performance. 

 Figure  1  shows the steps followed for each laboratory experiment. Teams of four 
are setup in the laboratory and each team is provided with a common goal (problem 
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statement) and components. Students will analyze the given problem and identify 
the procedure required to implement. Once the procedure is developed each team is 
divided into sub-teams of two students in which one sub-team work on PIC micro-
controller and other will work on Arduino and implement the obtained procedure to 
get the results and analyze the results. After the completion of the given task the 
teams will then interchange the components and repeat the process. Each sub-team 
will teach the other sub-team about their experience. This method will help in 
understanding the procedure; boosts in achieving the objectives in short time and 
improve their communication skills. The teams not only learn problem solving 
skills but also learn how to identify the suitable microcontroller and components 
based on the needs and requirements.

2.1       Structured Approach to Laboratory Using Categorization 

 A structured approach is followed where laboratory experiments are categorized into 
fi ve different levels [ 5 ] according to the requirements and the extent to which they are 
open. The laboratory progresses from teacher-led demonstrations, where all aspects 
of the laboratory are given by the teacher, to student-led projects in which all aspects 
of the design are open to the student. The categorization is shown in Table  1 .

2.2        Confi guring the Experiments and Projects 

 The introduction to the laboratory is started with real world interfacing problems. In 
the fi rst level as shown in Table  1  the students are demonstrated interfacing of vari-
ous input and output devices to the microcontroller. Examples of input and output 

Understand
problem

Identify
procedure

Implement
procedure
in PIC Mc

Implement
procedure
in Arduino

Debug
errors

Debug
errors

Analyze the
results

  Fig. 1    Steps followed for each laboratory experiment       
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devices are LED, LCD, seven segment displays, sensors and dc motors. In the 
second level, students have to complete exercises on interrupts, 4 × 4 keypad 
matrixes, serial communication and controlling the speed and direction of a DC 
motor. In the third level, students have to apply a structured enquiry process and 
develop the required procedure. They also need to identify the components and 
analyze the results at the end. Here students work on controlling speed and direction 
of DC, stepper and servo motors and interface different sensors. In level four 
students work on open ended enquiry wherein only the problem statement is given 
and students need to understand the problem statement and solve to get the proce-
dure and identify the components required and analyze the results. Here students 
implement real world applications like controlling the fan speed using temperature 
sensor, obstacle detection and indication to car driver. Finally the students will 
develop a system considering the real-world problem as a laboratory project.  

2.3     Student Projects 

 Once the students complete the structured enquiry and open-ended enquiry exer-
cises they are capable of developing small projects in the laboratory. Some of the 
projects implemented during the class and laboratory activity are:

   Traffi c light control based on density.  
  Water level indicator.  
  Battery voltage indicator.  
  Temperature based fan speed control.  
  Obstacle detection robot.  
  Line following robot.  
  Automated door open and close.  
  Automated railway gate using sensors, motors, buzzer and LED.  
  Detect the violation of traffi c signal using sensor, RGB LED and buzzer.  
  Security buzzer in automobiles using sensors and buzzer.     

    Table 1    Levels of autonomy for different exercises in microcontroller laboratory   

 Level of 
autonomy 

 Types of laboratory 
exercise 

 Givens 

 Problem 
statement  Procedure 

 Components 
required  Results 

 0  Demonstration  Given  Given  Given  Given 
 1  Exercise  Given  Given  Given  Open 
 2  Structured enquiry  Given  Given  Open in part  Open 
 3  Open-ended enquiry  Given  Open in part  Open  Open 
 4  Project  Open  Open  Open  Open 
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2.4     Overall Cost of Setting Up the Experimental Resources 

 A frugal approach has been followed in microcontroller laboratory i.e. using the low 
cost components that gives the good performance. Table  2  shows the cost of each com-
ponent and total investment for the microcontroller laboratory during the course.

3          Methodology and Contributions 

 During the course different methodologies have been adopted that helped students 
to stay motivated towards subject and get more knowledge in a short time. The 
methods adopted are:

    Presentations on current trends . To motivate students towards theory as well as 
laboratory, teaching of present developments and applications of microcontroller 
in embedded world is done by showing the videos of microcontroller application 
in different areas like home, industrial, commercial application and projects 
developed by hobbyist. As a presentation in class students need to choose one 
important application of microcontroller that is applicable to modern world and 
give presentation for 10 min.  

   Circuit Simulation . Hardware is costly and damage to it leads to a security issue. So 
simulating using Proteus [ 6 ] virtually before implementing in hardware will help 
students to identify the problem and solve it and then implement physically.  

   On-spot project event using Arduino with shield . After completion of structured 
enquiry a workshop kind of activity is performed to teach and make students 
capable of using the low-cost hardware effi ciently for various real-world 
applications. A 4 h laboratory workshop is divided into two parts:

    (1)     Learning and understanding . This is fi rst and important part in which stu-
dents get exposed to new components and make comfortable them self by 

   Table 2    Cost of laboratory components   

 Components  Quantity 
 Cost per component 
in INR  Total cost in INR 

 PIC microcontroller development board  10  600  6,000 
 Arduino board  10  550  550 
 Arduino shield  5  350  1,750 
 Motors  20  150  3,000 
 16/2 LCD display  5  10  500 
 Wire/connectors and LEDs  200  1  2,000 
 Sensors and keypad  25  80  2,000 
 Seven segment LED.  5  70  350 
 MPLAB, Mikro C and PICkit2  45  0  0 

 Total:  15,300 
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doing hands on exercises that are given by the instructor and try to modify 
given program and analyze the behavior of all the features present in the 
given hardware.   

   (2)     Identifi cation of real-world problems and implementation . Once students 
get comfortable with the components and their working, they are asked 
to identify the real world applications and implement the same with 
available components.    

     This activity has helped students in understanding how to use the available resources 
effectively within a given time and build a component or product. 

  Interfacing Arduino with modern engineering tools . The study of microcontroller 
would not be complete until it’s been integrated with modern engineering tools like NI 
LabVIEW [ 7 ,  8 ]. Students have learnt how to interface Arduino with NI LabVIEW and 
perform different operations like motor control, reading sensor values etc.  

4      Results and Analysis 

 Initially when the course was started students were a little apprehensive. After the 
initial laboratory classes’ students started showing interest in the subject which 
resulted in an improved performance in their continuous internal evaluation. 
Figures  2  and  3  show some of the projects developed by student during the course.

  Fig. 2    ( a ) Line following robot ( b ) Automatic door open and close ( c ) Obstacle avoiding robot       

  Fig. 3    ( a ) Traffi c signal indicator ( b ) Automatic water level indicator ( c ) Automatic light on/off 
control       
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    The line following robot is shown in Fig.  2a  which follows white line on a black 
surface. Figure  2b  shows the simulation of automatic door open and close in which 
door will open by sensing the human and closes automatically after some delay. 
Figure  2c  shows the robot that avoids the obstacle, where after sensing any of the 
obstacles the robot takes left or right turn randomly. Figure  3a  shows the simulation 
of traffi c signal where signal is controlled based on the density. Figure  3b  shows the 
simulation of water tank indicator and control, in which when water gets empty 
buzzer will give a beep, a led will blink and motor starts automatically to fi ll the tank 
and once the tank is full the sensor senses the fullness and microcontroller sends 
stop signal to motor and motor gets off to avoid the overfl ow. Automatic light con-
trol is demonstrated in Fig.  3c  in which the system senses the presence of human 
movement and automatically put on the light and gives a buzzer and automatically 
switch-off the light when there is no human movement. 

4.1     Feedback Analysis 

 A survey was conducted at the end of the semester putting the nine questions to 
students:

   Q1. The microcontroller laboratory has succeeded in convincing the concept which 
is taught in theory.  

  Q2. The concepts which are taught in laboratory will help in handling the mini- 
project/major projects.  

  Q3. The exercises which are done in laboratory will help to identify the real world 
problems and solve them.  

  Q4. The laboratory practices will help to work in group and communicate 
effectively.  

  Fig. 4    Feedback analysis       
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  Q5. The presentations which are given by students have helped to motivate towards 
subject.  

  Q6. The activities which are performed in laboratory will help in lifelong learning.  
  Q7. The instructor in the laboratory has succeeded in solving problems.  
  Q8. Got ability to solve the given problem in limited time with available resources?  
  Q9. The components (kits) available in the laboratory are helpful in executing the 

programs with less effort and in available time.    

 The response from the students is plotted in Fig.  4 . The results shows that many 
of the students either strongly agree or agree to the above questions and hence feel 
that the course has met the required objectives.

4.2        Course Learning Objective 

 At the end of the course students are able to meet the following objectives:

   Demonstrate knowledge of the basic building blocks of PIC MICROCONTROLLER 
and Atmega328 microcontrollers.  

  Ability to differentiate between wide varieties of microcontrollers.  
  Ability to write the program both in assembly and C code using open-source soft-

ware like: MPlab, MiKroC, processor etc.  
  Ability to simulate in virtual environment and test on real hardware  
  Interface different devices/components with the microcontroller  
  Identify and develop autonomous systems that are applicable to the real world      

5     Conclusion and Future Goals 

 The teaching practices indicate that if students are motivated using the above 
methods, they can easily achieve the desired goal/objectives in a very short time. 
This paper discussed methods like class presentations, quiz’s, peer learning, 
exposure to new technologies and project based learning and how these methods 
have helped in understanding the basic concepts of microcontrollers and their 
application to real world problems. The utilization of low-cost and open source 
software are the added advantage where students can think of doing real-world 
and low-cost projects. Results and feedback shows that students are happy with 
the way they have learnt the microcontroller course. In future, the laboratories 
can be more open so that students with limited background can be motivated to 
gain the knowledge while self- motivated students can be more creative and 
productive.     
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    Abstract     The aim of this paper was to study the fl ipped classroom teaching method 
and its implementation. It describes various technologies which can be easily 
adapted to the fl ipped classroom teaching method. Flipped classroom    is a pedagogi-
cal tool where the learning is transformed from passive learning to active by expos-
ing the student to the course content before the lecture sessions and those conventional 
sessions are converted to act as a meeting session with the instructor where various 
activities such as solving worksheets, discussions with the instructor, a hands-on 
session on the current topic or a debate can be held thereby creating a inclusive 
learning experience for all the students in the classroom environment. This method 
also transforms the lecturer from being a pedagogical tool as described in the 
Victorian classroom styles to a source of knowledge and inspiration for the students. 
This also provides the time for fostering the purpose on learning the course by citing 
examples, various real time use cases of different concepts learnt during the course. 
The course itself is analyzed for its performance and generalized to create a strategy 
to select courses in different fi elds of engineering so that it can be a tool to diverge 
from traditional teaching practices implementing fl ipped classroom technique.  

  Keywords     Flipped classroom   •   Methodology   •   Implementation   •   Inclusive 
learning   •   Technology  
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1         Introduction 

 At the forefront of technological innovation and societal modernization, the highly 
used pedagogical model is still the Victorian style classrooms where the instructor 
itself acts as the tool and he prepares the lecture from the assumption of what would 
be helpful for the students to learn the course. As per Sugata Mitra’s 1  hypothesis [ 1 ] 
of why such classroom setup is obsolete is because it was organized to create 
students with identical knowledge to be applied further in various fi elds of work but 
as technology progressively expands in folds with a high degree of divergence that 
the lines of different fi elds is vanishing. There is high amount of research in the 
education community to rightly evolve the education system to correctly cater to the 
progressing technological innovation which in turn will keep the pace of 
advancements in technology. There are many diverse schools of thoughts on educa-
tion and one of the successful practices is considered to be online learning of free 
and open courseware practiced by Massachusetts Institute of Technology. This paper 
provides insight of how this learning is a subset of fl ipped classroom method.  

2     Inclusive Learning 

 A wide range of educational, behavioral, and societal research has concluded that 
there have been distinct as well as individual styles of learning. The learning style 
has been broadly categorized after Garsha Reichmann Learning Styles Questionnaire 
(GRLSQ) was analyzed [ 2 ,  3 ]. The three different styles of learning were concluded 
to be independent, collaborative, and dependent-learning. An independent learner 
performs best when he or she is left to their own devices. They learn by themselves 
and the right direction is to be provided by the lecturer during the course of study. 
Collaborative learners perform when they are in a group while dependent learners 
require the help of the lecturer to assimilate what is being taught at the lecture [ 3 ]. 
A change in the traditional system could increase the performance of all classes of 
learners that are described which will increase the performance of the whole partici-
pation of the course. The proposed technique to facilitate this kind of performance 
improvement is the fl ipped classroom teaching method.  

3     About Flipped Classroom Teaching Method 

 The fl ipped classroom teaching method describes a reversal of traditional teaching 
where students gain fi rst exposure to new material outside of class, usually via read-
ing or lecture videos, and then class time is used to do the harder work of 

1   The Victorians were great engineers. They engineered a [schooling] system that was so robust that 
it is still with us today, continuously producing identical people for a machine that no longer exists. 
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assimilating that knowledge through strategies such as problem-solving, discussion 
or debates [ 4 ]. In this paper, a lecture where fl ipped classroom technique was 
employed in an engineering course is studied and all the effects through this 
teaching method are discussed. The implementation of this teaching method without 
taking overhead time of the instructor is also described on the later part of this 
paper. Table  1  gives a brief overview of fl ipped classroom teaching method and also 
a comparative study between the conventional classroom and the fl ipped classroom 
with a timeline where the instructor and student interaction is expected [ 5 ]. There is 
need for preparation of the learning opportunities by the instructor and also the 
learning module so that the students when start the course can also start with their 
learning of the theoretical concepts for the course and generate questions that arise 
when guided through the learning module. When the students are at the lecture ses-
sions, they have an idea of the session and are more specifi c about their learning. 
The session is accompanied with many different tools like debate, quiz, solving 
worksheets, and practical demonstration as demanded by the course content. This 
type of teaching method improves the time for interaction between the instructor 
and the student which can also foster a way to provide motivation on learning the 
course which lacks in most of the traditional teaching due to the focus on the learn-
ing material and not the practical use cases. After the class the students apply the 
skills acquired through the learning module and the sessions to further apply them 
on practical applications to deepen their understanding of the learnt concepts. The 
later part of the paper provides information about identifying the right tools to be 

   Table 1    Comparison between traditional and fl ipped classroom teaching method [ 5 ]   

 Timeline  Conventional classroom  Flipped classroom 

 Before class  Students assigned material to 
read 

 Students guided through learning module 
and questions are generated 

 Instructor prepares lecture  Instructor prepares learning opportunities 
 Beginning 

of class 
 Students have limited information 

about what to expect 
 Students have specifi c questions in mind to 

guide their learning 
 Instructor makes general 

assumption about what is 
helpful 

 Instructor can anticipate where students 
need the most help 

 During class  Students try to follow along  Students practice performing the skills they 
are expected to learn 

 Instructor tries to get through all 
the material 

 Instructor guides the process with feedback 
and mini-lectures 

 After class  Students attempt the homework, 
usually with delayed feedback 

 Students continue applying their knowledge 
skills after clarifi cation and feedback 

 Instructor grades past work  Instructor posts any additional explanations 
and resources as necessary and grades 
higher quality work 

 Offi ce hours  Students want confi rmation about 
what to study 

 Students are equipped to seek help where 
they know they need it 

 Instructor often repeats what was 
in lecture 

 Instructor continues guiding students toward 
deeper understanding 
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used for the course and a methodology followed to successfully implement fl ipped 
classroom teaching method for an engineering course that demands a high amount 
of fundamental concepts to be understood by the student and also requires practical 
training. It also comments about the inclusive learning and how different styles of 
learning are infl uenced with the different aspects of organization of the course.

4        Implementation and Methodologies 

 A case where fl ipped classroom teaching method was implemented is considered in 
this paper for studying the implementation of the method and how this method was 
adapted diverging from the existing traditional teaching method without creating 
considerable overhead on the instructor. The course is Cyber Physical Systems 
Fundamental taught at Technical University of Dortmund. This course demands lab 
sessions to provide better understanding of the fundamental concepts that are learnt 
and also requires various demonstrations using the traditional concepts and its evo-
lution to become the state of the art. Preparation of organizing the course started a 
term ahead of the pedagogical tool discussed here is to be implemented. The tradi-
tional lectures are recorded in the previous term as a preparation for the learning 
module. The course content is refreshed for the following term and the videos that 
are not in the scope of the course are removed from the learning module that com-
poses the course content but held in the repository to provide additional informa-
tion. The repository used for videos is YouTube™ since it provides a video streaming 
platform with capabilities to edit the videos online and compose them into playlists 
for better accessibility and fl ow of the course. It is chosen also for the reliability it 
provides for creating, editing, and publishing the videos online. Figure  1  provides 
an idea of the video frame composition which was identifi ed as the ideal format as 

Portrait video of
the instructor

Bulletin
Lecture slides used by the
instructor

  Fig. 1    Video frame showing the composition of the video lectures       
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it shows the content of the lecture, the instructor lecturing and a bulletin to share 
implying information.

   This way of recording the videos during the previous lecture sessions reduces 
the overhead of redoing all the lectures again for the preparation of implement-
ing this pedagogical tool. Adapting this methodology is more feasible for courses 
which have content that teaches basic concepts of that fi eld of engineering or 
fundamentals about various practical applications. The classroom setup as called 
by the traditional teaching is coined here as meeting sessions with the instructor 
where the questions from the videos are discussed with a mini lecture. The meet-
ing session proceeds with an activity that in this case is worksheets. There are 
many other recommendations for activities such as debate, quizzing, demonstra-
tions [ 4 ,  5 ]. After the meeting session is concluded, the answers for the work-
sheets are posted with the mini lecture slides and the actual lecture content from 
the videos. Now the student has the lecture that is taught by the instructor at his 
disposal which helps independent learners to learn the concepts by themselves. 
The meeting session serves as a place where independent learners are motivated 
to do more whereas dependent learners have the time to interact with the instructor 
to assimilate information and collaborative learners can learn from the activities 
all of which stress on deep understanding of the concept that is taught in the 
video [ 6 ,  7 ] (Table     2 ).

   Table 2    Methodology used in implementing fl ipped classroom teaching method   

 Timeline  Methodology 

 Before class  Students are provided with a plan for the learning modules. YouTube™ 
Videos are regarded as the learning module 

 Creating worksheets and planning the activities 
 Beginning of class  Questions are handed over to the instructor 

 Students work on the worksheets which resonate with the concepts from 
video 

 Instructor answers all the doubts from the video 
 During class  Students have the opportunity to have practical training, hands on 

demonstration or a discussion with an expert from the fi eld of concept 
that was discussed 

 Instructor can facilitate the students with learning activities 
 Instructor provides motivation for learning the course, real time uses cases 

and provide exposure on state-of-the-art research 
 After class  Students continue with the video after having more motivation on the 

further topics and work on training themselves with the various tools 
that were exposed to them during the practical sessions 

 Instructor posts answers for the worksheets and plans activities for the next 
session such as a debate, discussion, or a presentation from a industry 
expert 

 Offi ce hours  Students use these hours rarely as most spent time in the sessions 
interacting with the instructor 

 Instructor creates more resources for further learning and creating a 
profound knowledge on the course concepts 
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5        Conclusion 

 Flipped classroom teaching method, discussed in this paper, provides insights about 
how such a course can be implemented which followed the traditional teaching 
method. It discusses the various tools used and the methodology that was employed 
in implementing such a course. Additional information about positively infl uencing 
all the three classes of learning styles together by improving the teaching method is 
also discussed. It also provides basic information about transforming the learning 
module into an online learning method. The performance analysis of this peda-
gogical tool is not discussed in this paper. Further research is to be carried out 
to create a rubric for analyzing both quantitatively and qualitatively the different 
parameters of this technique, to prove its effectiveness in  improving the perfor-
mance of the students.     
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    Abstract     In developing countries, many higher education institutions experience a 
growing gap between their curricula and the demands from society, business, and 
industry for a more fl exible workforce with high skills in problem solving, teamwork, 
and project management. Many universities want to put a strong emphasis on 
traditional, disciplinary knowledge production because timeless, universal knowledge 
is important in a world where everything is in fl ow. Chronic industry complaints 
about skill defi ciencies in engineering graduates, the gradual dwindling rates of 
engineering students with good academic performance records, the worldwide 
adoption of outcome-based engineering program accreditation, and fi ndings from 
both cognitive science and thousands of educational research studies showing seri-
ous defi ciencies in traditional teaching methods force the universities for changes in 
how engineering curricula are structured, delivered, and assessed. This article tries 
to discuss the various ways suggested by Kolb and Fry’s theory of experiential 
learning and instructional strategies in designing the curriculum. Effective teaching 
and learning throughout the study was conceptualized as that situated within a 
social constructivist framework. This is a descriptive study in design. The literature 
component of the study utilized a content analysis methodology with a view to 
identifying strategies of practical application and potential to facilitate learning in 
classes, such as active learning, collaborative learning, cooperative learning, induc-
tive teaching methods, and novel practices for change are suggested.  
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1         Introduction 

 Traditionally, the curriculum provides a plan of instruction that indicates structured 
learning experiences and outcomes for students. It specifi es the details of student 
learning, instructional strategies, the teachers’ roles, and the context in which 
teaching and learning take place. Students can benefi t from learning through 
broad, contextual experiences. In fact, many individuals become more engaged 
in contextualized learning, thereby improving their preparation for future stud-
ies and entry into the professional world. Unfortunately, many institutions have 
continued to operate in the traditional mode, replicating the early automobile 
factory model. Students are sent down a narrow, predetermined path, stopping 
along the way for periodic inspection, and to gather all the required courses for 
eventual graduation. If students continue to be mass produced, will today’s 
graduates be adequately prepared for life and living? Will they be able to 
compete in the world class workplace? If educators hope to prepare graduates 
who can compete head-to-head with graduates from other nations, “product” 
quality must greatly improve. Here we must note the suggestions provided by 
Goertz    et al.:

  If all students are to learn to new standards, not only teachers, but administrators, teacher 
educators, and other participants in the education system must change their roles and 
expectations. Educators, researchers, and policymakers are beginning to explore different 
ways to enhance the ability of the system and its teachers to improve student learning. But 
before they can design effective policies, policymakers must determine what capacities are 
needed and what mechanisms and strategies might foster their development. Most capacity- 
building strategies in education today are targeted on individual teachers and are designed 
to enhance their knowledge and improve their instructional skills through the provision of 
workshops and university courses. Yet, our data and that of other researchers suggest that 
the traditional model of professional development refl ects a limited conception of the 
dimensions of teacher capacity necessary to support and sustain instruction reform and 
ignores the role of the school and other communities of practice in teacher learning and 
educational improvement. 

   This may confl ict with existing practices that are in favor of a centralistic 
approach. New ways of teaching and learning, creating rich learning environments, 
designing new forms of assessment also require intensive training and coaching of 
academic staff and a continuously applied monitoring and evaluation of the curriculum 
in action. However, global developments in science, society, and economy also 
affect the developing countries and their higher education institutions are closing 
the gap between “classical” disciplinary knowledge and know-how required for the 
new job market. Hence, a new kind of curriculum has to be designed to focus on 
the  quality  rather than on the  quantity . 

 The three areas that the curriculum designers to concentrate are as follows:

    1.    Identifying curriculum practices and processes that emphasize “all aspects” in 
the long term   

   2.    Preparing a document that describes these long-term curriculum practices and 
processes and ways they may be designed   

   3.    Assisting educators at selected school sites with their curriculum implementation      
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2     The Thematic Curriculum and All Aspects 

 It is a set of organized learning experiences that provide students with exposure to a 
broad, predominant content theme. This broad theme (or multiple themes) can serve 
as an organizer for an entire institution, provide a focal point or furnish students 
with content where they can engage in self-directed learning. As with any approach, 
value and benefi ts are dependent on educator and student learning objectives. Some 
possible benefi ts include the following:

•    In-depth exposure to a broad fi eld of interest and a wide range of occupations  
•   Opportunities to learn through more contextualized and authentic learning 

experiences  
•   Exposure to linkages between school-based learning and work-based learning  
•   Greater potential to prepare for both higher education and employment  
•   Opportunities for teachers to work together on self-directed teams  
•   Opportunities for counselors and administrators to infl uence students’ career 

development and school experiences    

 Listed below are several factors that distinguish “all aspects.” The fi rst fi ve fac-
tors are considered essential to “all aspects,” whereas, factors six through eight are 
highly recommended since they have been shown to enhance the benefi ts “all 
aspects” offers to students.

    1.    “All aspects” encompasses a broad “industry” or fi eld within the workplace. 
Illustrative fi elds include agriculture, business, construction, communication, 
community services, health, manufacturing, marketing, and transportation.   

   2.    Curriculum content and focus includes instruction in a wide range of industry or 
fi eld-wide functions, concerns, issues, and technological knowledge and skills. 
Illustrative of the areas are community issues, environment issues, economic 
issues, fi nance, health, labor issues, leadership, management, planning, safety, 
technological knowledge and skills, and underlying principles of technology.   

   3.    Instruction includes strong emphasis on developing problem solving skills and 
basic and applied academic skills in technological settings. Academic studies 
focus on mathematics, oral communication, reading, writing, science, and social 
and behavioral sciences instruction.   

   4.    Students are provided with extensive experience in and an understanding of those 
aspects of the broad industry of fi eld they are exploring and/or preparing to enter.   

   5.    Students completing the instruction are able to link their school studies and related 
experiences directly to a broad industry or fi eld including the functions, concerns, 
issues, and technological knowledge and skills associated with that industry or fi eld.   

   6.    Teachers actively collaborate with each other in determining content and experi-
ences, planning instructional strategies, and teaching in a manner that integrates 
instruction and emphasizes contextualized, applied learning.   

   7.    “All aspects” is available to all students regardless of their future education and 
employment plan and aspirations.   

   8.    “All aspects” is creatively and effectively combined with educational reforms to 
produce a comprehensive school-to-work system.      
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3     Exploring Curriculum Options 

 The thematic curriculum may be organized in a variety of ways. Since the ways 
themes are arranged can affect  what  is taught and  how  it is taught, implementation 
options should be considered early in the development process. When considering 
how thematic curricula can look in a particular counsel, four basic questions need to 
be answered:

    1.    What is the context for the thematic curriculum?   
   2.    How may the curriculum be organized within the institution and the workplace?   
   3.    In what different ways can the curriculum be offered to students?   
   4.    What is included in the curriculum content?    

  The four questions address the contextual, organizational, delivery, and content 
options that must be explored, both individually and collectively, by persons creat-
ing the thematic curriculum. A competence-based curriculum is therefore depen-
dent on the context of the institution offering the curriculum. The technical institutes 
should have a dialog with the industry to include their need in the curriculum.  

4     Types of Experiential Learning 

4.1     Competency-Based Education 

 Competency-based strategies provide fl exibility in the way that credit can be earned 
or awarded, and provide students with personalized learning opportunities. This 
type of learning leads to better student engagement because the content is relevant 
to each student and tailored to their unique needs. It also leads to better student 
outcomes because the pace of learning is customized to each student. 

 By enabling students to master skills at their own pace, competency-based learn-
ing systems help to save both time and money. Each of these presents an opportunity 
to achieve greater effi ciency and increase productivity.  

4.2     Outcome-Based Education 

 OBE is a method of curriculum design and teaching that focuses on what students 
can actually do after they are taught. OBE goes beyond “structured tasks” (e.g. 
memorization) by demanding that students demonstrate his/her skills through more 
challenging tasks like writing project proposals and completing the projects, ana-
lyzing case studies and giving case presentations, etc. Such exercises require stu-
dents to practice and demonstrate their ability to think, question, and research; make 
decisions; and give presentations. OBE also identifi es higher levels of thinking 
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(e.g., creativity, ability to analyze and synthesize information, ability to plan and 
organize tasks). Such skills are emphasized especially when students are assigned 
to organize and work as a community or entrepreneurial service teams to propose 
solutions to problems and market their solutions.   

5     Experiential Learning 

 Experiential learning is widely recognized as a high-impact educational practice 
that occurs outside the classroom through experiences such as internships, study 
abroad, and service-learning. In experiential learning, the teacher takes the role of 
the guide on the side rather than the teacher on the stage. Experiential learning 
addresses the needs and wants of the learner. Learning is facilitated when:

    1.    The student participates completely in the learning process and has control over 
its nature and direction.   

   2.    It is primarily based upon direct confrontation with practical, social, personal, or 
research problems.   

   3.    Self-evaluation is the principal method of assessing progress or success. It also 
emphasizes the importance of learning to learn and an openness to change.     

 Rogers also emphasizes the importance of learning to learn and an openness to 
change. He was discouraged by the emphasis on cognitive theory of education. He 
believed this was responsible for the loss of excitement and enthusiasm for learning. 
His 1983 book,  Freedom to Learn for the 80’s  presented his full theory of experien-
tial learning. He believed that the highest levels of signifi cant learning included 
personal involvement at both the affective and cognitive levels, were self-initiated, 
were so pervasive they could change attitudes, behavior, and in some cases, even the 
personality of the learner. Learning needed to be evaluated by the learner and take 
on meaning as part of the total experience. 

5.1     Steps for Design and Implementation of Experiential 
Learning 

 To get started with an experiential learning activity in the course, Jacoby offers the 
following guidelines:

    1.    Identify learning outcomes   
   2.    Create a safe environment   
   3.    Select an activity that pushes students to their learning edge   
   4.    Introduce students to the concept and practice; cover basic material   
   5.    Engage students; provide guidance and support   
   6.    Discuss the process and result   
   7.    Provide structure for critical refl ection   
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   8.    Obtain feedback throughout the process   
   9.    Assess learning       

6     Instructional Practices 

 The process of learning has been viewed as a largely passive experience in which knowl-
edge is received and stored for future use. Teachers who use fl exible grouping strategies 
often employ several organizational patterns for instruction. Students are grouped and 
regrouped according to specifi c goals, activities, and individual needs. When making 
grouping decisions, the dynamics and advantages inherent in each type of group must be 
considered. Both teacher-led and student-led groups can contribute to learning. 

6.1     Teacher-Led Groups 

     Teacher-led groups  are an effective and effi cient way of introducing material, sum-
ming- up the conclusions made by individual groups, meeting the common needs of 
a large or small group, and providing individual attention or instruction.  

6.2     Student-Led Groups 

  Student-led groups  provide opportunities for divergent thinking and encourage stu-
dents to take responsibility for their own learning. Students working in groups learn 
to work with people from varying backgrounds and with different experiences, 
sharpening social skills and developing a sense of confi dence in their own abilities. 
A variety of group types and a sampling of activities that may be appropriate for 
each are described below.  

6.3     Collaborative Groups 

 The essence of collaborative learning is the team spirit that motivates students to con-
tribute to the learning of others on the team. Because team success depends on indi-
vidual learning, members share ideas and reinterpret instructions to help each other.  

6.4     Performance-Based Groups 

 Performance-based groups are most effective when formed on the basis of a particular 
need rather than in response to predetermined performance levels. Performance- based 
groups provide a means for increasing students’ access to a particular concept or skill.  
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6.5     Think, Pair, Share 

 After whole-class instruction, have individuals think about what strategies they 
would use for approaching the investigation. Students should write down their ideas. 
After a time, have pairs meet to share their ideas and strategies. This approach helps 
encourage divergent thinking and provides students with immediate feedback on 
their approaches to problem solving.   

7     Assessment Criterion 

 A Rubric is a coherent set of criteria for student work that describes levels of perfor-
mance quality. When rubrics are created and used correctly, they are strong tools 
that support and enhance classroom instruction and student learning. The two essen-
tial components of effective rubrics are as follows:

•    Criteria that relate to the  learning  (not the “tasks”) that students are being asked 
to demonstrate  

•   Clear descriptions of performance across a continuum of quality     

8     Assessment Criteria 

 Rubrics are designed to help educators and evaluators to:

•    Develop a consistent, shared understanding of what profi cient performance looks 
like in practice  

•   Develop a common terminology and structure to organize evidence  
•   Prepare informed professional judgments about formative and summative 

performance ratings on each standard and overall.     

9     The ESE Model Teacher Rubric 

9.1     Standards 

 Standards are the broad categories of knowledge, skills, and performance of effec-
tive practice detailed in the regulations. There are four standards for teachers: 
Curriculum, Planning, and Assessment; Teaching All Students; Family and 
Community Engagement; and Professional Culture.  
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9.2     Indicators 

 Indicators, also detailed in the regulations, describe specifi c knowledge, skills, and 
performance for each standard. For example, there are three indicators in standard I 
of the teacher rubric: Curriculum and Planning; Assessment; and Analysis.  

9.3     Elements 

 The elements are more specifi c descriptions of actions and behaviors related to each 
indicator. The elements further break down the indicators into more specifi c aspects 
of educator practice and provide an opportunity for evaluators to offer detailed 
feedback that serves as a roadmap for improvement.  

9.4     Descriptors 

 Performance descriptors are observable and measurable statements of educator 
actions and behaviors aligned to each element and serve as the basis for identifying 
the level of teaching or administrative performance in one of four categories: 
Unsatisfactory, Needs Improvement, Profi cient, or Exemplary. 

 While assessing the language profi ciency, we make use of the performance- 
based rubrics. It helps us to interpret information that what our students  know and 
can do.  

 Example:

 Speaking (interpersonal 
skills) 

 Generic  Role plays 
 Debates 
 Group discussions 

 Presentations  Generic/task based  Situational role plays 
 Presentations on different topics: technical or 

general 
 Narrations 

 Writing  Generic  General and technical reports, writing a slogan, 
bulletin board, magazine contributions 

 E-mails, note-making, note-taking, precis- 
writing, developing the ideas into paragraphs 

   This has been designed to assess and to ensure that students were able to demon-
strate their ability to use the language of study at the appropriate level. 

 A rubric with too many dimensions may be unworkable in classroom assess-
ment. Some common descriptive terms are listed in the following chart.
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 4  3  2  1 

 Task requirements  All  Most  Some  Very few or none 
 Frequency  Always  Usually  Some of the time  Rarely or not at all 
 Accuracy  No errors  Few errors  Some errors  Frequent errors 
 Comprehen-

sibility 
 Always 

comprehen-
sible 

 Almost always 
comprehen-
sible 

 Gist and main 
ideas are 
comprehen-
sible 

 Isolated bits are 
comprehensible 

 Content 
coverage 

 Fully developed, 
fully 
supported 

 Adequately 
developed, 
adequately 
supported 

 Partially 
developed, 
partially 
supported 

 Minimally 
developed, 
minimally 
supported 

 Vocabulary 
 Range  Broad  Adequate  Limited  Very limited 
 Variety  Highly varied, 

non- repetitive  
 Varied, 

occasionally 
repetitive 

 Lacks variety, 
repetitive 

 Basic, memorized, 
highly repetitive 

   There are many rubric formats. In the grid format shown here, which is one of 
the possible ways to lay out a rubric, we illustrate a few common, frequently recom-
mended, features of multiple trait rubrics:  

9.5     High to Low Scale 

 In the graphic, the highest level of performance is described at the left. Students 
read fi rst the description of an exemplary performance in each criterion. A few 
labels for a four-point scale include the following:

 4  3  2  1 

 Exemplary  Excellent  Acceptable  Unacceptable 
 Superior  Good  Fair  Needs work 

9.6        Bloom’s Taxonomy 

 In Bloom’s taxonomy, the evaluation level is where students make judgments about 
the value of ideas, items, materials, and more. Evaluation is the fi nal level of the 
Bloom’s taxonomy pyramid. It is at this level where students are expected bring in 
all they have learned to make informed and sound evaluations of material.  Bloom’s 
taxonomy  is also tied to the  learning pyramid  which displays that the deeper one 
descends on the pyramid the higher the retention rate of knowledge.
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    Bloom’s taxonomy can be used across grade levels and content areas. By using 
Bloom’s taxonomy in the classroom, teachers can assess students on multiple learn-
ing outcomes that are aligned to local, state, and national standards and objectives. 
Within each level of the taxonomy, there are various tasks that move students 
through the thought process.   

10     Conclusion 

 New ways of teaching and learning, creating rich learning environments, designing 
new forms of (authentic) assessment also require intensive training and coaching of 
academic staff, monitoring and evaluation of the curriculum in action. Active learning 
increases the effectiveness and effi ciency of the teaching and learning process. 
Teachers want students to leave a class with knowledge and/or skills they did not have 
when they began the class. The Revised Curriculum aims to empower our young 
people to develop their potential as individuals and to make informed and responsible 
decisions for living and working in the twenty-fi rst century. Our society today needs 
young people who are fl exible, creative, and proactive – young people, who can solve 
problems, make decisions, think critically, communicate ideas effectively, and work 
cogently within teams and groups.     
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    Abstract     Engineering education scenario today is failing    to meet the industrial 
requirements, and one major reason for this may be exam-oriented students, but 
again a question can be asked,  why are students exam oriented?  Many reasons right 
from their background to classroom teaching may give us the answer. It has been 
found that around 30 % of students are not involved in the teaching-learning process. 
   The way a subject is posed by the faculty in the class and the way the faculty delivers 
methods adopted for communicating and interaction with students will be the basis 
of how students will take up interest in the subject. Hundred percent involvement of 
students in the classroom teaching-learning process  (not physical)  may help changing 
their attitude as well as enabling them to understand the importance and application 
of what they are studying.    Conventional means of teaching and learning should be 
kept aside and new innovative ways should be developed and a faculty should divert 
himself or herself from being a teacher to a facilitator; this will encourage students 
to be participative and improve their involvement leading to proper understanding 
and grasping. Through this paper, the authors have tried to convey means through 
which involvement of students can be increased in the class. Concepts like learning 
by doing, model-based study and freehand drawing are used to penetrate the con-
cept deeply and improve the involvement of students. Results have    shown that 
learning by doing is one of the best ways to make students understand and learn the 
subject more clearly than other conventional teaching methods. Some limitations do 
exist, but through some more skills, efforts and time, experiential learning will 
enhance the technical background of budding engineers. Case based,    model based 
and involving maximum number of students in performing/doing will take conven-
tional blackboard and even content delivered through multimedia to an experiential 
learning and take technical education to new heights.  

  Keywords     Experiential learning   •   Learning pyramid   •   Learning by doing      
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    Abstract     Most of the institutes concentrate to achieve program and course outcome 
based on result analysis, students’ placements, students’ feedback to faculty, and the 
National Board of Accreditation period of the departments. This paper concentrates 
on students’ learning objectives of particular courses as well as program. Paper 
helps    to achieve the vision, mission, and goals of institutes in coordination with the 
program and course outcome of students’ learning objectives. This facilitates smart 
assessment of the program and course outcome. It concentrates on smart faculty 
feedback system as well as students’ feedback system by the faculty.  

  Keywords     Feedback   •   Assessment   •   Outcome   •   Teacher   •   Student   •   Program   •   Course      
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    Abstract     In today’s ever-increasing world of information technology, it is not 
enough to say that teaching learning process in engineering education is not consid-
erably effi cient, since the use of traditional teaching methods like blackboard and 
presentations will not cope up with the new generation. Nowadays hand-held and 
PDA devices are becoming part of human life. As today’s generation are more inter-
ested in hand-held devices, teaching learning method should focus to gather point 
of interest of students to enhance practical learning. The proposed work explains the 
technology enhanced methods implemented for UG/PG courses using palm device 
like Aakash Tablet. Techniques used in making the students enjoyable learning in 
class room Clicker app for MCQs make allowing students to solve instant queries, 
quotes, phrases using tabs and PDAs, Cloud apps for data sharing within the class, 
Use of intranet in handled devices (Moodle), Virtual labs, and Classroom presentation 
using android apps. These techniques were used in teaching both UG and PG sub-
jects like soft computing and advance database systems respectively. The observa-
tions were made while implementing the abovementioned methods and some of the 
key factors were identifi ed. The students found enthusiastic in learning interactively 
using palmtops and result analysis of both the have been made and it was observed 
that the student’s performance was good compared to last year.  

  Keywords     Hand-held devices   •   Cloud apps   •   Engineering education      
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    Abstract     Quality circle is a group of people that come together and work voluntarily 
to solve work-related problems. It has the proven and systematic 12-step methodology 
that can be applied to solve almost all types of problems. It involves application of 
several quality circle tools and techniques such as Pareto diagram, cause and effect 
diagram, why-why analysis, 5W-1H principle, etc. to solve the problems of interest. 
The present work underlines the concept, methodology and applications of quality 
circles in engineering education with special reference to its implementation at 
Rajarambapu Institute of Technology (R.I.T.). The concept of ‘quality circle’ has 
received wide acceptance in industries due to the systematic problem-solving 
approach and monetary savings it offers after solving the problem. In case of 
educational institutes, though the concept has been used all over the world to tackle 
the problems such as students’ projects, development of laboratory setups, etc., still 
the use is not widespread when compared to its implementation and outputs in 
industries. Since 1983, R.I.T. is well known for its continuous experiments and 
leadership in academic practices, thus striving for excellence in engineering educa-
tion that is being delivered to its stakeholders. The institute is devising and imple-
menting a number of practices with an objective to empower academics. One of 

      Transformation of Engineering Education 
Using Quality Circle Approach 

             Sandeep     R.     Desai     ,     Sushma     S.     Kulkarni     , and     Martand     T.     Telsang    

        S.  R.   Desai     (*) 
   Automobile Engineering ,  Rajarambapu Institute of Technology ,   Rajaramnagar , 
 Urun Islampur ,  Maharashtra   415414 ,  India   
 e-mail: sandeep.desai@ritindia.edu  

    S.  S.   Kulkarni   
  Director, Civil Department ,  Rajarambapu Institute of Technology ,   Rajaramnagar ,  
Urun Islampur ,  Maharashtra   415414 ,  India   
 e-mail: sushma.kulkarni@ritindia.edu  

    M.  T.   Telsang   
  Mechanical Department ,  Rajarambapu Institute of Technology ,   Rajaramnagar , 
 Urun Islampur ,  Maharashtra   415414 ,  India   
 e-mail: martand.telsang@ritindia.edu   

mailto:sandeep.desai@ritindia.edu
mailto:sushma.kulkarni@ritindia.edu
mailto:martand.telsang@ritindia.edu


562

such best practices which is consistently implemented from the last 15 years is 
‘quality circles’. The institute has taken sincere efforts and proved over the years 
with the number of problems that are solved and the appreciation it has received that 
quality circle is equally good in education, though the benefi ts are not of monetary 
nature. In this paper, the process of formation of the groups, types of problems 
addressed, methodology to solve the problems, awards received and benefi ts of the 
activity are presented in sequence. Also, details about the fi nancial assistance provided 
to quality circle groups and challenges that are faced by award-winning group along 
with its case study are reported in the paper at the end.  

  Keywords     Academics   •   Best practices   •   Industries   •   Methodology   •   Quality circle      
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    Abstract     Transformation from a traditional teacher to a learning facilitator is a 
major change. This change is resisted quite often because of two reasons: lack of 
strong need to change and loosing the class control.    In student-centred instruction 
(SCI), the teacher still has traditional functions like lecturing, designing assignments 
and tests, and grading and providing students with opportunities to learn indepen-
dently and from one another and coaching them in the skills they need to acquire. 
Good professors may feel awkward when they start using student-centred methods 
and their course-end ratings initially may drop. It is tempting for instructors to give 
up in the face of all that, and many unfortunately do.    Attempt is being made in this 
paper to demonstrate the personal transformation of a traditional engineering 
teacher to a learning facilitator, and various issues concerning the change process 
are discussed.    Faculty Leadership Institute (FLI) of Indo-US Collaboration for 
Engineering Education (IUCEE) on Effective Teaching during July 2008 is a turning 
point for change. This workshop had enough infl uence and strength to dispel all the 
preconceived ideas about teaching and create an urge to embrace student- centric 
outcome-based teaching learning. A strong belief was developed in IUCEE mantra 
“ I am teaching ,  are they (students) learning ”. The challenge lies in preparing both 
self and the students to accept the new learner-centric teaching methodology and 
facilitate the process of learning. The author experimented the outcome-based 
teaching for the courses taught and convinced about the positive response and 
change in classroom dynamics. Once convinced, the author started conducting 
workshops on the outcome-based education to bring in a change in the process of 
teaching and learning.  

  Keywords     Student-centred instruction   •   Learning styles   •   Outcome-based 
 education     •   Course outcomes   •   Learning facilitator      
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    Abstract     Engineering education has taken a paradigm shift in post liberalization era. 
A number of colleges imparting undergraduate, postgraduate, and Ph.D. programmes 
in engineering and technology increased, and hence availability of seats for engi-
neering aspirants is changed. But it is observed that in the last 3 years, seats are 
remaining vacant and students are selecting only reputed institutes. There is a fi erce 
competition in every aspect to attract admission and build image with respect to 
academic and placements. This demand leads to the change in the working of engi-
neering colleges. Many of them are not in a position to sustain, either they are 
closed or on the verge of winding up. This clearly indicates that institutions did not 
focus proper strategic planning which shows the path of future direction and action 
to cope with the changes and complexes in the environment. Generally, corporates 
are making strategic plan and implementing properly. A few foreign universities and 
big institutions are using strategic plan, and they are getting edge in the competitive 
environment locally and globally. Strategic plan helps in planned development and 
growth of an engineering institution. This leads to achieve and to impart quality 
education. It is a road map, lightly fi lled in so that it gives you plenty of room to 
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manoeuvre. You get specifi c when you are deciding the action part of the plan, 
where you link it with people and operations. This paper outlines a one-page strategic 
plan of Rajarambapu Institute of Technology, Sakharale, and gives insight on 
planning and implementing strategy of RIT to impart quality engineering education 
in diverse, dynamic, and complex environment.  

  Keywords     Paradigm   •   Strategy   •   Strategic plan   •   One-page strategic plan      

S.S. Kulkarni et al.



567R. Natarajan (ed.), Proceedings of the International Conference on Transformations 
in Engineering Education: ICTIEE 2014, DOI 10.1007/978-81-322-1931-6_69,
© Springer India 2015

    Abstract     Assessment of student learning has become indispensable for determining 
if students meet the desired standards of course content. An innovative way of car-
rying out student learning assessment, which is not the typical pen-and-paper 
method, is by using a tool like Moodle. Moodle facilitates us to build different types 
of assessments. Moodle, which stands for modular object-oriented dynamic learn-
ing environment, is an enormously versatile system for course and learning man-
agement. It is a course management system (CMS), also known as learning 
management system (LMS) or a virtual learning environment (VLE). It is a free 
web application that offers a wide variety of teaching tools, and educators can use 
it to create effective online learning sites. One of these tools is the quiz module that 
represents an alternative to traditional face-to-face courses and paper-based testing. 
This paper presents reports on experience of 6 months (one semester) with e- learning 
using open-source software “Moodle” for the course Wireless and Mobile 
Computing (MCAE608) of IV semester MCA. As part of continuous internal 
assessment, online quiz was conducted using Moodle to check the level of under-
standing at the end of each chapter of the course. Moodle-generated quiz reports 
that include Grades report, Responses report, Statistics report, and Manual grading 
are presented in the paper. Quiz questions and students’ answers can be analyzed to 
carry out a psychometric analysis to identify the appropriateness of the questions 
stated in the quizzes and to assess student ratings on this activity as a guide for 
improving the teaching and learning process. The feedback from the students sug-
gests that students were very positive about the use of Quizzes for Formative 
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Assessment of the course. From the teacher’s perspective this method can be called 
as Green Assessment of Students’ Performance, since it is a paperless one. The 
teacher can also hook into the critical areas of poor performance of students and 
plan improvements accordingly.  

  Keywords     Learning management system (LMS)   •   Formative assessment   •   Quiz   • 
  Moodle   •   Assessment   •   Psychometric analysis      
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    Abstract     The goal of Atharva College of Engineering (ACE) is to create a new 
generation of engineers with the spirit of innovation and creativity. The institute 
cherishes a dream of becoming the leading ‘Centre of Excellence’ in Engineering 
and Technology. 

 This paper suggests various steps taken by ACE to improve the skill set of 
graduates; emphasize soft skills; refocus the assessments, teaching-learning 
process and curricula towards analysis and creativity; and interact more with 
employers to understand the particular demand for skills in that region and sec-
tor. The details of the application of IUCEE learning at Atharva College may be 
viewed as a case study. 

 The outcomes that have been successfully achieved or are in progress to ensure 
enhanced use of technology to improve the teaching learning process are as follows: 
(1) a virtual class room to get advantage of expert lectures through Webinars, Distance 
Education Centre of IIT Bombay, NPTEL Lectures, etc.; (2) a virtual laboratory 
under the guidance of the College of Engineering, Pune for practicing simulations to 
understand the basic concepts thoroughly; (3) a hobby centre where students work on 
small electronic circuits on breadboard to get the output leading to introduction of 
mini projects in each subject at least for 2nd and 3rd year students to develop aware-
ness of trying something with their own hands; and (4) Ember, an entrepreneurship 
development cell for relevant awareness and skills amongst the students. Within a 
span of 2008–2011, the students started commercial ventures and technical ventures 
for the benefi t of Atharva students only. 

 The gains from external sources are as follows: (1) ACE succeeded in getting 
Innovation Entrepreneurship Development Centre and funding for projects lead-
ing to multidisciplinary engineering approach in our students. IEDC funding 
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scheme is started by the Department of Science and Technology, Govt. of India, 
(2)    A Robotic Cell established in ACE gets mentoring from IIT-Bombay, and (3) 
Atharva students started a Receiving Station for soon to be launched satellite 
‘Pratham’ of IITB students. 

 Now that we have become a member of IUCEE, we look forward to have more 
guidance on research methodologies, project-based learning and direct collabora-
tion with experts for the latest technologies. Partnering with a foreign university for 
mutual benefi t remains yet another focus.  
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    Abstract     In the affi liated system of higher education, implementing the curriculum 
decided by the university becomes a challenging task for an individual faculty member. 
It becomes essential to apply the curriculum innovation in response to stakeholder 
needs. One such attempt done in one of the unaided engineering colleges in 
Maharashtra is presented in this paper. The syllabus for Production Management 
subject at the fi nal year Production Engineering course was developed by the 
University of Pune. However, the faculty members developed a plan for curriculum 
innovation based on the inputs received during the IUCEE FLI programme. Some 
of the active learning techniques adopted provided an opportunity for the students 
to work in teams, collect information, visit industries, prepare reports and present 
their fi ndings. This has resulted not only in better understanding of the subject as 
refl ected in the university results but also in developing institute-industry partner-
ships. This exercise has been carried out for the last 6 years and over 400 students 
have been benefi tted. The feedback received clearly indicates that if the curriculum 
innovation is applied properly, it is possible to transform the traditional course 
syllabus into a competency-based syllabus resulting in overall improvement in the 
quality of technical education.  

  Keywords     Curriculum innovation   •   Active learning   •   Production management      
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    Abstract     In this competitive world, teamwork, learning ability and soft skills along 
with academic excellence are prerequisites for the career growth of a student. In the 
global work culture, engineering students have to work in groups. It is the responsi-
bility of the institute to restructure the learning situations in the changing scenario. 
A few changes in college teaching are required for bringing in the desired change in 
which students learn in groups. This paper is about structuring the appropriate 
teaching-learning environment for learning the soft skills. Herein, we describe the 
experiment conducted at K. K. Wagh Institute of Engineering Education & Research, 
Nashik, India, for teaching the characteristics of a master student and developing 
soft skills through cooperative learning. In cooperative learning, students work in 
groups to maximize their own and each other’s learning. An attempt has been done 
in this study to demonstrate the application of cooperative learning for developing 
the soft skills through the master student programme.  
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    Abstract     Blogs and wikis are some of the new and exciting Web 2.0 technologies 
used in classrooms. These technologies of wikis and blogs can help the faculty for 
direct online learning activities that encourage peer support, collaboration, and 
dialogue. Well-constructed blog assignments may provide a safe environment and 
encourage a collaborative learning culture. This study explores the use of Web 2.0 
tools in classroom and laboratory activities. In this work the authors (teachers) used 
blogs for lab assignments, submission and maintenance of online lab journals, and 
continuous assessment of students’ progress in the Visual Basic Programming 
Practices course (MCAL509). The purpose of this work is to make use of public 
social software Web 2.0 tools like Web wikis and blogs for classroom activities and 
for continuous internal assessment of lab assignments of this course. As part of this 
work, the blog was created at the blogger called   http://prpatilji.blogspot.com    . The 
blogger is a blog-publishing service that allows private or multiuser blogs with 
time-stamped entries. The feedback from the students provided evidence that the 
blog assignments had a positive impact on in-class participation rate and laboratory 
environment. Key advantages identifi ed include green assessment of student perfor-
mance, ability to retrieve feedback while away from home, confi rmation of receipt 
of assignments, more convenient storage of past assignments, and the ability to 
obtain a replacement copy of lost assignments.  
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    Abstract     Teaching and learning are most important for teachers and students in 
any educational institution. The students need to perform well in their academic to 
gain knowledge, skill, and competency for their better career. Teachers play an 
important role in making the students to learn the fundamental and advanced con-
cepts, various domain expertise and skills and competency. The most challenging 
process in any education institute is the evaluation of student performance. There 
are many ways by which the student performance can be evaluated. Traditionally 
we follow class-based learning (CBL) where we conduct an examination to evaluate 
the student performance. This paper discusses about the more effective and effi cient 
learning model named as project-based learning (PBL).  
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    Abstract     In the past decade, the swift growth of computer and communication 
technologies opens up many opportunities for developing innovative learning envi-
ronments with rich resources. Technology-enhanced learning shifted the focus from 
technology to support factual learning and the reinforcement of very basic skills to 
stimulate students to engage in meaningful learning and situated learning. The basic 
objective of education is to prepare the students for life. Technology-enhanced 
learning is technology-based learning and instructional systems through which 
students acquire skills or knowledge, usually with the help of teachers or facilita-
tors, learning support tools, and technological resources. With the support of tech-
nological development, students are able to gain higher-order skills, such as rational 
thinking and problem-solving skills individually or collaboratively. Technology-
enhanced learning has become an interdisciplinary issue attracting researchers from 
various disciplines to work together. In the recent years, the technological develop-
ment of new technologies has generated considerable enthusiasm towards TEL. In 
this paper, we defi ne the importance of TEL and different tools available with their 
classifi cation and discuss TEL environments which enable access to a range of 
materials, learning tools, and communication facilities that enable the students to 
become more actively involved in developing their understandings, increased 
learner responsibility, and a focus on realistic tasks with passion.  
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    Abstract     In engineering studies, the undergraduates usually take up project as a 
major subject in the fi nal year of their degree programme. However, the incorpora-
tion of project-based learning (PBL) and integrated projects in each year can 
improve the learning of undergraduates. This paper provides a comparative study 
of project-based learning and traditional classroom learning. The desired learning 
outcomes and effects of PBL on undergraduates are also discussed. The study is 
based on integrated PBL which is incorporated in the course curriculum of Chitkara 
University, Himachal Pradesh. Two groups of undergraduate students of different 
batches have been considered for the analysis. The results show that the students 
who had PBL in the 1st year and integrated project in the 2nd year show better 
performance than the students who were not involved in PBL or integrated projects 
till the 3rd year.  
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    Abstract     In the era where digital technology reigns supreme over most engineering 
applications, digital signal processing is the heart of smart engineering solutions. 
Therefore, there is a need to grasp the fundamental techniques involved. A funda-
mental course in digital signal processing can turn out be a nightmare in the absence 
of an inspirational method of course delivery. The availability of simulation tools 
and their widespread use have facilitated quick and easy implementation of ideas 
and concepts. This also encourages one to develop prototype models on seeing the 
simulated results. This paper presents an initiative to ameliorate the learning 
experience of students belonging to the electrical and electronics discipline in a 
course as important as digital signal processing. Hitherto the emphasis for most 
course instructors was on developing good standard material for teaching a course. 
The transformation brought about in engineering education demands a paradigm 
shift that calls for effective strategies contributing to experiential learning. A sound 
mathematical foundation is a pre-requisite for the course. It serves well to have 
Matlab/Simulink usage to enhance the learning experience. The learning outcome 
attainment results presented justify the effectiveness and improvement in learning 
brought in by the introduction of the lab in place of a tutorial in the curriculum.  
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    Abstract     It is well accepted that learners even at academic institutions come with 
different abilities and fl avours. Personalising the education is one of the 16 grand 
challenges as per the National Academy of Engineering (NAE). Measuring the 
outcomes of an education, progress of learning, etc., plays an important role in 
generating personalised feedbacks and recommendations in personalised learning 
environments facilitated by either an intelligent tutoring system (ITS) or an expert 
academician in conventional institutions. Any assessment would require a medium 
of expression to measure the achievements/outcomes of learning. Most common 
among them are writing a set of reasoning statements, writing algorithms, dia-
grams/sketches, occasional viva voce, etc.. The intention of this paper is to share 
one of our assessment practices during 2011–2013 where the medium of expres-
sion is as chosen by the students; we call this method of assessment as “open 
assessment”. We also share the techniques of recording assessment data, policies 
to ensure student‘s participation in assessments and grading philosophy for such 
assessment methods. Finally, we present a short analysis to highlight advantages 
and disadvantages of this method when practiced in institutions with academic 
autonomy in India.  
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    Abstract     In Indian context, outcome-based education is gradually being adopted. 
Our institute has switched over to outcome-based education in the recent past. This 
methodology leads to a quality-based attainment of the program educational objectives 
(PEOs). However, the program outcomes (POs), based on the graduate attributes, 
need to be evaluated during their matriculation. These POs can be achieved, to a 
great extent, through the various course outcomes, which are the results of pre-
defi ned learning objectives that were set for the course. Higher level of attainment 
of course outcome entirely depends upon the course content and its effective content 
delivery. At our institute, certain experiments were carried out to assess the course 
outcomes. The experiments conducted used a blended instructional strategy. Two 
experiments were conducted for the computer programming “C” language, while 
the other was for the System Programming course. Instructional strategies include 
program visualization, debugger tool, and short-test immediate group discussion 
used in these experiments. 

 Program visualization used visual cues to illustrate the fl ow and execution of a 
computer program as scaffold in resource-constrained classroom to teach “C” language 
compared with the traditional approach. This simplifi ed the understanding of 
dynamic and usually hidden processes during program execution. Debugger tool 
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demonstrated a step-by-step execution of the program and showed the presence of 
errors and values of memory in the watch window. This helped students to mini-
mize errors and predict the output of the program correctly. Short test followed by 
immediate feedback and group discussion enhanced learning outcome of the 
System Programming course. From the above experiments conducted, it is inferred 
that the students’ learning outcome depends on instructional strategy being used 
by an instructor.  Therefore, while planning for course delivery, on the basis of 
predefi ned learning outcome, the teacher needs to develop the assessment measures 
to be used and then accordingly select instructional strategies for engaging students 
and assist students in attaining the identifi ed learning outcome. There is no single 
best strategy available that a teacher should choose, but rather a combination of 
various instruction strategies will assist students in developing interest, under-
standing the content, and eventually achieving learning outcomes. Hence, subject 
teachers need to facilitate the students’ learning process by using instructional 
strategies relevant to the learning objectives.  
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    Extended Abstract     Higher education system in India and across the world is 
experiencing sea change with the information, opportunities, and knowledge avail-
able. Engineering education, in particular, benefi tted immensely with modern tools 
available. Quality assurances through assessment by the Washington Accord (WA) 
of International Engineering Alliance (IEA), Accreditation Board of Engineering 
and Technology (ABET-USA), and National Board of Accreditation (NBA-India) 
across the world have set standards to excel to meet set outcomes! 

 The Washington Accord Agreement recognizes that “Accreditation of engineering 
academic programs is a key foundation for the practice of engineering at the 
professional level in each of the countries or territories covered by the Accord.” 
Engineering education in India has been transformed from input-output mode to 
outcome-based mode recently to meet global challenges. In this regard, all stake-
holders in the society shall come together by keeping a positive will with unifi ed 
thought process to achieve the outcome. 

 Quality products shall be attained by robust accreditation systems, assessment 
procedures, curriculum design, and coordination between regulatory bodies like 
AICTE, UGC, MHRD, State Council for Higher Education (SCHE), NAAC, and 
NBA in the system. 

 This paper aims to highlight the key issues related to outcome-based education 
through standard accreditation procedures and assessment methods to be adopted to 
get the desired outcomes.  
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    Abstract     Jawaharlal Nehru Technological University Kakinada (JNTUK), Andhra 
Pradesh, India, is one of the largest providers and facilitators of engineering educa-
tion, having 289 affi liated colleges of engineering and technology, management, 
and pharmacy under its fold. The rapid spread and proliferation of engineering 
education and the entry of private sector have brought in quality concerns in their 
wake. The hands-on experience reveals that the notable gap between expectations 
and realizations is the cumulative symptom of ineffectiveness of what is being 
practiced hitherto, in addressing the quality concerns. JNTUK system has left no 
stones unturned to channelize its resources and deliberate, research, and innovate 
the mechanisms and practices to reduce this gap, in tune with the new paradigms 
showing up in engineering and higher education. It revises the curriculum of UG 
and PG for different disciplines in affi liated and constituent colleges incorporating 
outcome- based education (OBE) and is the fi rst government university to take up the 
task of OBE approach in the country. As JNTUK has to manage 289 colleges, it has 
evolved a quality assurance tool for uniform application across all its affi liated insti-
tutions. JNTUK has demonstrated its leadership to lead and contribute for quality 
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assurance in technical education at regional and national levels, in collaboration 
with apex bodies of UGC, NBA, APQN, NPTEL, IUCEE, Mission 10× of Wipro, 
and Campus Connect of Infosys. To bridge the gap between expected and delivered 
technical education, JNTUK has planned to establish incubation centers for trans-
disciplinary product development and research promotion in the focused areas of 
research with private and public partnership. This paper outlines how the JNTUK 
system sustains the quality through concerted efforts of empowerment of faculty, 
use of ICT for better management, delegation of ownership, and developing 
models of quality assurance. The university intends to share what it has achieved 
and leaves the scope for achieving further by learning from others in the arena of 
engineering and higher education.  
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    Abstract     Owing to globalization and liberalization, technology transfer from 
resourceful countries to all developing countries has become inevitable. Many 
Indian industries neither opt to invest and establish their own R & D Centers to 
develop indigenous technology nor do they network systematically with knowledge 
generators such as academic institutes. The fi rst option requires large funds to create 
R & D infrastructure and is fi nancially not viable for small-scale sector, whereas for 
the second option, there is only a theoretical response. Critical analysis is necessary 
to address the reluctance of both industry and upcoming educational institutes to 
cooperate effectively to confront their technical, operational, and fi nancial hurdles. 
At present, both prefer to go for foreign collaborations at individual level instead of 
creating any symbiotic relationship. 

 This paper attempts to discuss the need of relationship between industries and 
educational institutes and broadly states the inherent means of cooperation, the 
objectives, and the nature of various forms of interactions. The paper also highlights 
the criticality of the industry-institute interaction.  
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    Abstract     The goal of any technical institution is to produce skilled, globally 
competent professionals through quality technical education and to prepare them 
for immediate employment. Industries engross these knowledgeable profession-
als and enhance its production capabilities by contributing the latest technolo-
gies. To produce profi cient graduates ready for the industry, it is necessary to 
know the requirements of the industries through industry-institute interaction. 
Hence, a good and vibrant industry institute interaction to promote education and 
entrepreneurship is defi nitely required. To build good rapport between the indus-
try and the institute, institutes should have Memorandum of Understanding 
(MoU) with the industries. 

 Industry-institute interaction (I-I-I) is the most preferred activity for mutual 
benefi t and growth of industries as well as institutions. I-I-I provides the best plat-
form for showcasing the best practices, latest technological advancements, and 
their implementation and impact on the industry. Also, I-I-I promotes industry 
experts to participate in curriculum design which plays a signifi cant role in prepar-
ing the students ready for the industry. Through I-I-I, industries can participate in 
technical education programs and cross-fertilize ideas for systems improvement. 
Teaching- learning processes can be improved by integrating industrial training to 
the students which also provides an exposure of the corporate world. Students 
should be encouraged to undertake the fi nal year projects in the industry with a 
joint supervisor from the industry. I-I-I promotes development of entrepreneurs 
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which further leads to rapid industrialization and hence improved well-being of a 
country. I-I-I can also increase the research and development activities in both 
industries as well as institutions which further leads the nation to grow technologically 
and socioeconomically.  

  Keywords     Industry-institute interaction   •   Technical education   •   Modes of  interaction   
•   Entrepreneurship   •   Memorandum of understanding (MoU)      
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    Abstract     In the contemporary world, technology is inevitable irrespective of the 
profession, and the realm of education is no exception to this phenomenon. 
Education, and the teacher’s role in the transformation of knowledge, has been chal-
lenged to address the contemporary needs of a learner. The advancement of technol-
ogy has led to changes in the mind-set of learners, as well as better comprehension 
of information. To make the process of learning better and more effective, certain 
techniques or methods are employed (i.e., LCD projectors, PowerPoint presenta-
tions, and Cloud-based tools). These new technologies have replaced the traditional 
method of using transparent sheets and projectors in classrooms. This improvement 
in audiovisual equipment has grabbed the attention of the learners. The combination 
of new learning styles, teaching pedagogy, new technology, and good infrastructure 
leads to a better education. If these latest trends are not used in an active manner, 
then the purpose of the teaching and any effectiveness of delivery will not be useful. 
This paper is an attempt to study the positive effects of using technology-based 
education tools in the technical arena.  
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    Abstract     At present All India Services have mainly three sectors such as the Indian 
Administrative Service (IAS), Indian Police Service (IPS), and Indian Foreign 
Service (IFS). However, there is no such challenging examination for recruiting 
teachers in the academic sector in India. In this paper, we suggest the relevance of 
conducting such an examination to recruit teachers in engineering education from 
the graduate level, in order to bring a positive change in the quality of engineering 
education in India. We name it as the Indian Technical Teaching Service (ITTS). 
Our views to implement this idea have been given through a set of guidelines in this 
paper. However, actual implementation is a policy decision, which is beyond the 
scope of this paper.  

  Keywords     Engineering education   •   Quality   •   Teacher eligibility test   •   Teacher 
training      
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    Abstract     The goal is to make younger generation in India, globally competitive 
design engineers in Electronic System Design and Manufacturing (ESDM). 
Karnataka government and IESA (India Electronics and Semiconductor Association) 
are taking major initiative to bring out working policy in ESDM. According to the 
mentioned ESDM policy, the plan is to bring up 28 million and make them ready for 
the global product design market. K-Pages provides methods and apparatus to train 
engineers for the ESDM industry. K-Pages is built on the 4 Quadrant learning 
method (used in NPTEL) and extends from there on.

•    Quadrant I of K-Pages provides synchronous and asynchronous lectures on 
OSCAD tools which are free and available in   http://www.oscad.in/    . It is carried 
out by using online resources and access device like Aakash tablet PC (from 
MHRD) with OSCAD tools (runs in Ubuntu 13.04).  

•   Quadrant II of K-Pages is using learning and collaboration tools such that engi-
neers are having option of asking questions on a given online content (via spoken-
tutorials   http://spoken-tutorial.org/    ) or lectures. It is providing collaborative 
learning option by integrating others questions and answers with respective tech-
nique of board design and analysis.  

•   Quadrant III of K-Pages provides training on “product design and product mak-
ing” to learning students by using hardware and associated software 
infrastructure.  

•   Quadrant IV of K-Pages provides test environment and also certifi cation options 
to learning engineers.    

 For example, if engineers had fi nished all three modules and associated test then 
these engineers are qualifi ed to take up work in the design and development of 
board design. K-Pages offers low cost option for engineers to get trained in ESDM. 
K-Pages is expected to deliver very high quality engineers to ESDM industry in 
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India. K-Pages provides opportunity for learning engineers to trade their products 
via online store. K-pages provides platform to create innovation on human resource 
development for ESDM industries. The unique features of K Pages are, (1) hybrid 
delivery model (2) affordable and scalable (3) meets current electronic industry 
needs and constantly keeps pace with it, and (4) collaboration with students, indus-
try and academia.  
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IV tablet PC   •   MHRD   •   Spoken-tutorials   •   Karnataka government   •   Human resource   
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    Abstract     Industry is one of the primary customers of the engineering institutes and 
universities. Those customers are constantly complaining that fresh engineering 
graduates lack conceptual understanding, critical thinking, and creativity. According 
to a recent report published by NASSCOM, only 25 % of the engineering graduates 
produced in India are readily employable in the industry because of lack of deep 
technical knowledge and creativity. In this paper, we focus on using self-learning 
models as an innovative teaching and learning strategy to enhance conceptual 
understanding and foster creative thinking in engineering students. 

 The student survey shows that these models help engineering students in many 
ways. These models not only enhance conceptual understanding of diffi cult and 
complicated terms in highly conceptual courses like Engineering Mechanics, 
Strength of Materials, Structural Engineering, etc., but also motivate students to 
think on their own. Hence, the use of these models in teaching produces critical and 
innovative thinking skills required to solve challenging real-world problems. The 
hands-on experience on such self-learning models helps students to learn from 
experiences and develops the ability of lifelong learning.  

  Keywords     Conceptual understanding   •   Creativity   •   Critical thinking   •   Hands on 
experience   •   Lifelong learning   •   Self-learning models      
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    Abstract     Our country is going through rapid technological changes and economic 
growth. Its sustenance will mainly depend on the innovations that must happen in 
all quarters of the industry and in business enterprises. Though innovation is now 
talked about, no systematic efforts are undertaken in the engineering colleges to 
develop and foster skills among interested budding engineers and transform them as 
inventors.    In this paper, the efforts of BMS R & D center for developing and supporting 
innovative thinking with the fi rst year students. The methodology consists of spreading 
awareness and continually encouraging innovative skills among interested students. 
The BMS College of Engineering is pioneering a systematic effort including both 
academy and industry, to build an environment that will produce young innova-
tors. The actual implementation of the initial stage is presented in this paper. The 
outcome of the efforts has started to bear fruits. Incentives like student patent fi l-
ings, paper presentations, awards, etc., have increased dramatically.  
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    Abstract     Many new interactive learning techniques are emerging as students 
started showing interest in new digital tools. Students are collaborating and discussing 
new ideas, fi guring out possible solutions. As a result, educational institutes inclined 
towards project-based leaning exploring real-world challenges. Design, simulations, 
and social networking technologies have much to offer in immersive learning. We 
consider here the cloud-based services like Autodesk Fusion 360 as a learning tool 
to quickly develop new ideas and to create detail designs with the latest industrial 
and mechanical design workfl ows. In the classroom, next-generation students can 
work faster and share their ideas and project assignments with faculties from any-
where. Fusion can bring innovation faster and accelerate the learning process. These 
cloud services transform classroom teaching into immersive learning to make learning 
effective and intuitive.  

  Keywords     Classroom transformation   •   Interactive learning   •   Cloud services in 
education   •   Design   •   CAD   •   Collaboration   •   PBL      
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    Abstract     Generic skills play an important role in increasing employability and 
credibility of a student. As for the engineering students, these skills are imparted in 
the learning activities given to the students. In this newer “group assignment” writing 
method, students are fi rst asked to form compatible groups among them well in 
advance in the beginning of the semester. Later, the predefi ned assignment topics 
were randomly allotted to the students. The activity demands that students working 
in a group of 3–4 need to understand the broad statement of the given chapter-end 
assignment topics and collect the information from various sources including text-
books, Internet sources such as blogs, research journals, etc. Later, students need to 
prepare a report and submit in a stipulated period of time. Reports collected from 
students were evaluated for different criteria such as the depth and technical signifi -
cance of the information collected, logical order of content preparation and presen-
tation, and skills and creativities related to document preparation. Finally, the 
reports were discussed with the students in the class and awarded with marks. Skills 
such as writing, collection of information, depth of collected information, organiza-
tion, teamwork, innovation, and creativity were evaluated for this practice. In our 
preliminary study, we implemented this newer method of “group assignment” practice 
to the Molecular Biology and Immunology theory courses of the second and third 
year B.E. Biotechnology students, respectively. Students were actively involved in 
this newer activity and found it as an interesting activity. Students’ perceptions 
about the assignment work were collected at the end of the semester using question-
naires. Results from the questionnaires indicated the following observations: 38 % 
of students strongly agreed for the opportunity for creativity in group assignment 
writing, more than 70 % of students agreed that the group assignment writing insti-
gated them to read more and work actively for a concept, 60 % of  students believe 
that the assignment writing work made them understand better the topics, around 

      Group Assignment Writing in Engineering: 
Some Preliminary Findings 
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38 % of students strongly accepted that the evaluation method adopted was better 
and judicious over the evaluation for traditional assignment writing, and beyond all 
about 20 % of students strongly found it a bit laborious. Overall, as a teacher, we 
personally believe that through “group assignment” writing activity, the generic and 
professional skills among students can be nurtured by carefully and cautiously look-
ing at the student’s changing perceptions about the writing activities inside and 
outside the classroom for the betterment of the student’s future.  

  Keywords     Assignment writing   •   Generic skills   •   Teamwork   •   Innovation and 
creativity        
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    Abstract     In all branches of engineering, computational work/simulation is now 
rightly seen as the third vertex of a triangle, complementing observation and theory. 
This requirement necessitates an engineering student should know computational 
concepts as well as a whole new language to express these concepts. These are 
challenging tasks and students might face diffi culties in learning the fi ner details of 
the language and its usage. While these are important, they are not strict prerequi-
sites for using Python for their computational needs. Minimizing the students men-
tal loads, allow them to concentrate on the core computational ideas. IPython 
Notebook provides a programming environment that offers many advantages for 
students as well as for instructors as these are free and open source software (FOSS). 
Nowadays reproducible research is gaining importance and this idea in scientifi c 
computing is to archive and make publicly available all the codes used to create a 
paper’s fi gures or tables, preferably in such a manner that readers can download the 
codes and run them to reproduce the results. IPython Notebook feature of Python 
advocates this philosophy and in this paper, author shares his experience how it can 
be used effectively to promote teaching/learning and reproducible research.  

  Keywords     Python   •   IPython   •   IPython Notebook   •   Teaching and learning        
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    Abstract     The real-time embedded systems (RTES) fi nd wide ranging utility in 
numerous applications that range from trivial devices to high-end sophisticated 
systems that include applications in fl ight control, railway signaling, robotics, 
medical devices and telephony. The RTES concepts therefore constitute vital 
know-how segment of engineering graduates dealing with process control and 
automation. The knowledge of process control systems is very essential for under-
graduate students of Automation and Robotics discipline for development of 
safety-critical applications. 

 This paper presents the pedagogical approach taken in the course delivery of RTES 
Laboratory through LabVIEW-based assignments to facilitate learning of necessary 
competencies in implementation of real-time embedded solutions. This goal is achieved 
by an introduction to the basic concepts of real-time embedded system, such as state 
machine diagrams, deterministic and nondeterministic processes, semaphores and 
interrupts-driven programming techniques. 

 The re-structured RTES laboratory was conducted using NI CRIO 9075, NI 
Robotic Starter kit 2.0 and Stellaris ARM cortex M3 boards. The RTES laboratory 
effectively addressed the (a), (b), (c), (d), (e) and (k) ABET criteria through specifi c 
focus on experiential, hands-on learning using industry standard tools like LabVIEW 
and Keil. The motivation behind this was to create an environment for students to 
apply the theoretical aspects to real-world problems. The different strategies or 
approaches used in the present lab setup provide effective solutions to overcome the 
drawbacks of conventional teaching of the course that lacked the integrating experi-
ence. The approach facilitated the development of competency in students in build-
ing real-time control algorithms on tightly integrated hardware using LabVIEW 
Real-time and FPGA modules.      

      A LabVIEW-Based Laboratory Experience 
of Real-Time Embedded Concepts 
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    Abstract     The curriculum design is the process of collecting, organizing and 
sequencing the lessons or content to study the course in orderly manner. In this 
paper, authors propose a framework to design the curriculum for the courses: 
Data Structures and Design and Analysis of Algorithms. The proposed frame-
work integrates these two courses into a new course as Data Structures and 
Design of Algorithms (DSDA). In this framework authors divide the entire con-
tent of these courses into two themes: One is static allocation and another is 
dynamic allocation. The aim is to enhance the relationship between these two 
courses by teaching the algorithm design techniques through the applications of 
data structures, which also improve the skills of teaching and learning the course. 
The curriculum includes data structures, design techniques and some fl avor of 
parallel computing. The curriculum design addresses the program outcomes 
(POs) such as apply basic knowledge, identify and formulate a problem, analyze 
and design the solution and implement the process or component to meet the 
desired needs.  

  Keywords     Algorithm techniques   •   Data structures   •   Static and dynamic memory 
allocation      
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    Abstract     The laboratory component of Enzyme Technology course is designed to 
provide hands-on experience to inculcate the experimental skill during isolation, 
purifi cation and assay of various enzyme preparations. To improve the attainment of 
program outcomes through Enzyme Technology laboratory course, the experiments 
were categorized as demonstration, exercise, structured enquiry and open-ended 
experiment. The primary objective of open-ended experiments is to enable the 
student to design and conduct experiments, as well as to analyze and interpret data. 
The experiments were carried out in a group of two so that students shall develop 
the ability to function effectively as an individual and in a group with the capacity 
to be a leader as well as an effective team member. The present paper describes the 
design of the open-ended laboratory experiment and its impact on attainment of 
program outcome and the overall students’ learning experience. Student teams were 
given only with problem statement, keeping the study approaches open. The stu-
dents were expected to carry-out literature review and design the experiment, with 
due consideration to resources and feasibility. All the students were graded by 
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adopting evaluation rubrics. The evaluation results show signifi cant improvement in 
the achievement of program outcomes. It is observed that design of experiments as 
open-ended one improves the learning experiences and nurtures the innovativeness 
and creativity among students.  

  Keywords     Open-ended experiments   •   Enzyme Technology lab   •   Program outcomes   
•   Self-learning      
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    Abstract     A survey of Freshman students at BVB College of Engineering and 
Technology revealed that more than 20 % have not given any kind of seminars until 
their pre-university (K12) education, and more than 50 % have given only thrice. 
Many engineering graduates fail to explain how some of the Engineering products/
gadgets work even though they see and use them in routine life. In this regard, a new 
chapter “How Stuff Works” was introduced in Elements of Mechanical Engineering 
course taught at the fi rst-year level. Students in the team were asked to study a prod-
uct/gadget in detail and were asked to present a seminar to the whole of the class. 
This paper deals with necessity, implementation and usage of the new chapter and 
course seminar. This new initiative is in practice for one full academic year and the 
results are encouraging.  

  Keywords     Course seminar   •   How stuff works   •   Mechanical engineering  products/
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    Abstract     The Energy conversion course constitutes the application of knowledge 
acquired in different thermal engineering courses related to classical sciences of 
thermodynamics, fl uid mechanics, turbo-machinery and heat transfer. The abstract 
ingredients in these courses demand an inquisitive approach of delivery and assimi-
lation of the concepts due to which large group of learners lose focus on the course. 
This consequently ruins the attentiveness of learners towards these courses and 
hence demands for modifi ed pedagogical practices that promote effective learning. 
The majority of learners have an apprehension to learn these courses owing to the 
phobia developed towards fundamental physics and mathematics. In view of this, 
the Energy conversion laboratory course that integrates the assimilated knowledge 
of thermal engineering courses demands special attention to keep the student frater-
nity informed about the latest innovations happening in this fi eld of engineering. 

 The students undertaking this laboratory course will be given hands-on expe-
rience on the intricate concepts that was earlier restricted to mere reading of 
concepts. This approach will introduce the concept of categorizing the course 
content into different category of modules that includes demonstration, exer-
cises, structured enquiry and open-ended projects. This practice will benefi t the 
students to a great extent thereby promoting them to undertake capstone projects 
and research activities.  

  Keywords     Energy conversion   •   IC engines   •   Structured enquiry and open-ended 
problems      
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    Abstract     Lifelong learning is the “ongoing, voluntary, and self-motivated” pursuit 
of knowledge for either personal or professional reasons. It enhances not only social 
inclusion, active citizenship and personal development, but also competitiveness 
and employability. It enables students to learn at different times, in different ways, 
for different purposes at various stages of their lives and careers. Lifelong learning 
is concerned with providing learning opportunities throughout life, while developing 
lifelong learners. As per Accredation Board for Engineering and Technology 
(ABET) 3a-3k Programme Outcomes (POs), a PO-i states the expectation that engi-
neering graduates must have “recognition of the need for, and an ability to engage 
in lifelong learning”. The engineering education must help the students to develop 
skills, which are necessary for students to develop as lifelong learners and offer 
courses which help to acquire lifelong learning skills. This paper discusses the 
elements of lifelong learning, course design through activities and assessment of 
outcome for undergraduate Computer Science and Engineering programme to meet 
the Programme Outcome.  

  Keywords     Lifelong learning   •   Self-motivated   •   Skills   •   Activity   •   Programme 
outcome   •   ABET      
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    Abstract     As we know that industry and academia are operating as two different 
domains, due to paradigms shifts, the growing complexity of the business environ-
ment made these two domains to collaborate each other. The universities are not 
only intended to prepare to produce the skilled human resources to corporate world, 
but also in various intangible ways. The intersecting requirements and jointly inter- 
reliant relationship requires identifying means of further corroboration academia–
industry partnerships. Being the college in a tier-2 city it is diffi cult to attract 
industry but, here we made an attempt to bridge the gap between the industry and 
academia. 

 This paper attempts to explore how we can work closely with industry, study the 
extent of academia–industry partnership, and identify possible area where indus-
try’s contribution to academia would be most valuable in the Indian scenario. We 
are sharing the challenges faced, solutions adopted for Computer Science & 
Engineering programme to bring industry–academia together to make the students 
industry ready.  

  Keywords     Academia   •   Industry   •   Incubation   •   Training   •   Projects      
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    Abstract     Recent research on the learning process has shown that conventional 
approach of teaching fails to address all categories of students. Hence changes 
should be done in the traditional teaching methods as holding concentration of the 
students in the classroom for complete 1 h of the lecture is a big challenge. The 
teachers have to attract the attention of students in a classroom, to enable clear 
translation of the content of lessons and concepts. Many researchers agree on the 
fact that learning materials should not just refl ect the teacher’s teaching style, but 
should be designed for all kinds of students and all kind of learning styles. 

 A wise selection of strategies capable of ensuring the smooth and effective deliv-
ery of concepts is required. One such strategy that can be adopted is teaching 
through simulation. Among the available simulation software, Solver for EQuations 
with User defi ned ELements (SEQUEL) is a free software with many solved exam-
ples, which help beginners to learn it easily. This paper presents the approach fol-
lowed by the authors to teach Digital Electronics course using SEQUEL. Using 
SEQUEL as an aid in teaching–learning process has increased student ability to 
comprehend the analysis of several digital circuits, as it can be used by the students 
even outside the college campus. This has refl ected in the end semester exam results. 
With this the authors could effectively address level 1 to level 4 of Blooms taxon-
omy. In this paper, few Digital Electronics examples are presented to demonstrate 
how free circuit simulation software can assist in teaching the Principles of Digital 
Electronics to undergraduate students.  

  Keywords     Conventional teaching methodology   •   Teaching by simulation   •   Free 
software for digital electronics      
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    Abstract     In this paper, we propose the process of theme-based capstone project 
implementation and attainment of program outcomes using rubrics. Capstone proj-
ects provide the opportunity for student teams to experience real-world software 
development by applying the knowledge gained through the curriculum. The project 
work provides a platform for acquiring transferrable skills viz. team work, commu-
nication skills and skills for lifelong learning. The regular curriculum course teach-
ing learning experiences do not provide enough space and opportunity to inculcate 
these transferrable skills in the students. The typical capstone project process 
includes problem identifi cation, system analysis and design, testing, performance 
analysis, documentation and report. Software engineering concepts are practiced 
during this process. However, process of capstone project faces lot of challenges 
like practicing industry practices, less emphasis on design aspects, inadequate test-
ing, meeting program outcomes etc. Apart from these, evaluating student’s teams in 
each phase of capstone course is always a challenge for the guides and review com-
mittee members. To address these issues, capstone course requires good planning, 
execution and evaluation methodology. Towards this, we have designed a process 
which can be used to evaluate the teams using common templates, rubrics and 
guidelines based on themes and measure programme outcomes.  

  Keywords     Rubrics   •   SDLC   •   Capstone   •   Program outcome   •   Themes      
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    Abstract     The undergraduate research experience is one of several experiences that 
can impact the future career choices of our undergraduate students. In academia, 
both the faculty and the students are challenged to embrace engaged learning expe-
riences and evidence-based education through undergraduate research. This has 
been the   transition in higher education     over the last 20 years: moving towards creat-
ing powerful educational environments that improve learning, rather than adding 
more courses that merely transfer knowledge. However, undergraduate research as 
a retention strategy does not go far enough. A report from the   Council on 
Undergraduate Research     succinctly summarizes that undergraduate research should 
be: faculty-driven, student-centered, and institutionally supported and provides the 
combination of factors necessary for: pedagogical effectiveness, enhanced learning 
outcomes, research productivity, and research program sustainability. Research 
should be at the core and must be instrumental in generating a major interface with 
the academic and business world. It empowers the faculty for an in-depth approach 
in teaching. It has the potential to enhance the consultancy capabilities of the 
researcher. Research can be internally driven or projects can be commissioned by 
national and international organizations such as the UNO, World Bank, OECD, 
Asian Development Bank, NCERT, Planning Commission, ISRO, DRDO, Central 
& State ministries and industrial agencies. Students need to be mentored in the 
entire research process. The best way for this to happen is to put students in a posi-
tion to become a research assistant and be truly useful to the research program. 
Undergraduate research allows students to develop professionally and personally in 
ways not possible through traditional lecture and laboratory courses. Research is an 
important theme that threads its way through the undergraduate experience from the 
fi rst year through to graduation. Weaving together the threads of what is currently 
underway provides a powerful basis from which to build an enriched,  comprehensive 
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learning environment for undergraduate students and encourage engineering graduates 
towards pursuing research. Undergraduate research allows students to develop pro-
fessionally and personally. Research experiences give students an opportunity to 
gain a deeper knowledge of research techniques and processes, apply classroom 
learning in real-world contexts, explore academic literature, and form meaningful 
relationships with faculty members and professional researchers. In India the tech-
nical education institutes realize the immediate need to bridge the gap between the 
institute and industry needs and the students must be aware of the latest technology. 
Therefore, it is essential to establish labs of current technologies in the Engineering 
departments of colleges. This paper looks forward offering the students perspective 
undergraduate internships available for undergraduate research. This paper tries to 
present some of the websites which encourage taking up the research projects at 
undergraduate level.  

  Keywords     Professional education   •   Perspective internships   •   Research experience   
•   Research techniques      
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