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Abstract— Engineering classes are operating today in the
same format as they were fifty years back. The difference in the
past decade has been the emergence of the Internet and its rapid
usage right outside the walls of the class. Harvard University and
MIT’s path-breaking collaboration in initiating Massive Online
Open Courses (MOOCs) has raised the global standard and
reach of education today. The race is a long-drawn one, since we
are no longer competing just to stand at the top as educationists,
but rather to stand out in terms of the extent to which we can
provide the best and most outstanding resources to our students
in the face of a fast-changing world. But are we still going to
follow what was given to us, or do we have a chance to start our
own revolution? The answer to this lies in how we look at
engineering education at this point in time. Engineering is the
budding field of industrialists of tomorrow. So why can we not
bring industrial experience right into our classrooms? The most
effective method of learning a concept is to get a first-hand
experience of its application. Such an experience would not just
enhance the quality of our engineering classrooms, but also offer
the students an unforgettable experience and the motivation to
become efficient and responsible engineers of tomorrow. This
paper presents a conceptual model of how to effectively
implement this idea within the existing organizational structure,
so as to implement a smooth transition to smarter and richer
modules of engineering education.
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INTRODUCTION

The term MOOC (Massive Open Online Courses) was
coined in 2008 in order to name the open online course offered
by the University of Manitoba, Canada. MOOCs became “an
educational buzzword” in the academic community starting
2012. It was in the year 2001 that the very first Open Course
Ware (OCW) was launched by MIT [4]. This can be called the
first generation of MOOC:s, since it was the budding stage of a
greater educational revolution. The idea was to put up on the
web all/part of the educational material that was used for the
regular courses, permitting its use, modification and re-
distribution by means of licenses. In 2012 the EDX initiative
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was launched. It was the brain child of two of the top
universities in the world Harvard University and Massachusetts
Institute of Technology (MIT), in the United States (US).
Based on the improvements that were brought about during this
stage, which is currently ongoing, it can be called the second
generation of MOOCs. The idea was to take education to the
global community of learners in the form of proper course
modules that entailed certification upon satisfactory
completion. The aim was to give access to high quality
education to students across the globe irrespective of their age,
race, gender, religion, nationality, etc.
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Fig. 1: MOOCs and Open Education Timeline [2]

Within just two years from then, MOOCs have reached
millions of students across the world, living in more than 170
countries and the number is still growing. The MOOCs can
thus be called as one of the largest educational ventures ever
attempted in the history of mankind, with such incredible
results within a short span of time. That is the power of the
World Wide Web.
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Fig. 2: Breakdown of Students pursuing MOOCs [2]

Although nearly 8.80% of the students pursuing MOOCs
are from India (Fig. 2), very few Indian Universities
participated in this revolution, with the exception of the Khan
Academy initiative. In 2014, IITB (Indian Institute of
Technology, Bombay) joined the EDX platform as a
participant contributor to the ever-growing range of
international course-providers. The courses introduced by IITB
were mostly engineering courses especially designed for first
year engineering graduates and considerably limited in its
variety of topics. Except for IIMB (Indian Institute of
Management, Bengaluru), no other Indian University or
College has participated so far, especially at the EDX and/or
Coursera platforms, intensively or extensively. Many questions
can be raised thus, about the global standards of courses taught
in classrooms across academic institutions located within India
and what stops us from experimenting with our teaching
methods.

The focus of this paper is on engineering education and the
introduction of a method, which although inspired from
MOOCs, is fundamentally different in nature and highly
relevant in the Indian context. The major problem with
engineering education right now is its old format and lack of
practical updates and/or support from external sources to the
textual study material. Students, who come out as engineers
from these colleges, a majority of them, would soon be
working for national and international industries and/or
companies. If the teaching material and the methodology were
to be made more accurate, it is essential that they are prepared
with the same consistency of content as well as the context as
the actual practice of these sciences in the real world.
Universities like MIT carry out this idea consistently in the
form of collaborative industrial projects and internships. The
same system is smoothly functioning in the Indian scenario, but
the question that this paper addresses is that of seamlessness of
knowledge.

Some key aspects of updates to Engineering education in
the classroom is worthy of consideration. Given that a new
technique is developed in the Research and Development Unit
of a concerned industry, how long does it currently take for it
to be included as part of the curriculum? More importantly,
once such a method is included how long does it take to get
updated? If we are to have a more seamless collaboration
between industry and academics, it is essential that both sectors
work together within a systematic and collaborative
framework. This is where Industrial MOOCs, or I-MOOC:s,
will help form the bridge between the two.

The main point of difference between an Educational
MOOC and an Industrial MOOC is described in the following
definitions:

1. Educational MOOCs — These are online courses that
are prepared by the faculty from different academic
departments of a College/University. These are meant
for students who seek to learn the subject (mostly
theoretical), as taught in the College. It is an online
module where most lessons are conducted through
video lectures that are recorded at a past date and then
posted on the course dashboard at the respective
website. These are primarily easy to understand
courses, including some specialized courses, which can
be followed by any graduate, post-graduate or doctoral
level students. The courses are repeated over time and
updated as per requirement. Reading materials are also
provided for the purpose of studies. Exams are
conducted mainly by means of quizzes and peer
assessments. It works like any other average college
classroom education, but on a virtual platform.

2. Industrial MOOC:s — It is proposed here that activities
and innovations that are carried out in laboratories and
industries, across the world, can be included as part of
the curriculum in a format that is similar to educational
MOOCs. Theoretical topics can be elaborated further,
by means of these live sessions, where students can
witness and question the methods being adopted at the
industries for specific engineering applications, by
means of live concurrent teleconferencing sessions.
Professionals on field will collaborate with the
academicians to explain systems and processes in
detail to students and help them get a broad as well as
detailed perspective of the field of engineering. All this
being an integrated part of the online platform, will
include online quizzes related to the sessions and other
scheduled class work that can be carried out by means
of the online course dashboard, operating on individual
college/university =~ websites.  Assessments  and
evaluations of the students can be performed online,
thus saving a lot of time, otherwise wasted, in lengthy
academic procedures.

LITERATURE REVIEW

MOOCs have been extensively studied and their purposes,
methods and reach have been thoroughly analyzed by means of
systematic reviews [4]. In the beginning, open courseware was



just a tool aimed at a specific population of the academic
community. It was tailor-made for a certain group of students
who would be able to follow the material (based on their
course specializations) and for the educators to use the same
platform to teach and improve their materials for the classes
[3]. But, when its reach breached the boundaries of institutional
structure, MOOCs became revolutionary phenomena in
distance education. However, there are conflicting views on
this which looks at MOOCs as nothing more than a movement
that has already died, or that what it is currently offering is a
molecular version of education [5]. But the reality is MOOCs
are still a highly valuable resource for the students and
innumerable people are signing up for these courses each
passing day.

Considering the needs of Engineering Education today,
MOOC:s still have considerable limitations. Hence, innovative
changes in MOOC or its applications [8] will offer new
solutions to the existing needs of the classroom [1]. One such
approach is suggested by means of this paper; however, it is
merely an extension of thoughts, already expressed, of
inculcating MOOC:s in traditional classroom education and to
enhance the quality of teaching methods and study material
currently being covered [7].

According to the IEEE CS 2022 report, MOOCs are one of
the 10 technologies that could revolutionize the world by 2022
[2]. This can happen if and only if the MOOC phenomena
innovates its own methods and seeks constant change, rather
than grounding itself in its recent achievements. We still
haven’t been able to address some of the fundamental issues
that face an Engineering class today. One such issue which is
addressed here is a strong and seamless integration of industrial
application into academic curriculum.

OBJECTIVES

The conceptual model of Industrial MOOCs (I-MOOCs)
proposed here intends to fulfill the following objectives:

1. To enhance the quality of Engineering Education by
inculcating application based instruction into the
curriculum

2. To allow students to work in mutual collaboration
with the Industrial teams, therefore improving both
application  and  learning  seamlessly  and
simultaneously

3. To offer a collaborative platform for innovation,
research, education and training by promoting mutual
co-operation between academic and
industrial/organizational teams

CONCEPTUAL MODEL (OUTLINE)

The conceptual model proposed in this paper is cyclic in
nature. What we propose here is a new generation of MOOCs
since the model is fundamentally different in terms of its
content and the context of its creation. The overall model of
introducing this concept is as follows:

A. Team Formulation — It is important to assign high quality
teams with multidisciplinary capacities for the purpose of
designing Industrial MOOCs. Such teams will consist of
both academic and industrial experts who will work
together to design the most relevant content.

B. Content Identification — Topics have differential relevance
to industrial application. Hence, it is the job of the teams to
identify the right content and then connect it well with the
resources that can be obtained from the industry.

C. Content Integration — Resources that seem useful for the
students may or may not be relevant to their educational
needs. There is a need for a good understanding in regards
to what is suitable amid the available resources and what it
is that will help to make student learning within the
classroom easier. Thus academically relevant content can
be offered only by integration of these factors within the
design process of the material.

D. Content Development — Development of the content needs
to be carried out with finesse. High quality digital
resources and techniques of filming, video-editing, audio
recording and enhancing should be used for the purpose.
This when combined with the richness of the content will
then make a lethal combination for a highly effective
MOOC.

E. Content Enhancement — By adding simulations, models,
charts, references, academic and expert profiles, textual
reading material, maps, images and many other forms of
representation, the actual recorded content can be
enhanced into something much more interesting for the
students.

F. Content Broadcast — The fresh content is now
systematically digitalized by means of a given IT platform
and made available online. Students can now sign-up to
this program across the globe and access the resources.
The focus will be on engineering students who have
enrolled in a relevant degree program and would like to
have an exposure to the applications of their course
content. The material will be treated more as a
supplementary resource and will be wupdated and
improvised with time.

G. Online Collaboration — This platform will allow
collaboration on multiple levels. Course teams in other
countries can follow the example and add to the material
over time. There can be a methodological collaboration
and such innovative projects undertaken between
industries can also be included as part of the MOOC.
Engineering students in one country can collaborate on
projects being undertaken by the industries which are
located in other countries. Thus saving a heap of time



which is wusually wasted in physical travelling,
accommodation, etc. Institutions too can work together on
generating new educational technologies and course
materials on the same platform.

. Test and Evaluation — After the courses are offered, the
students can be tested online and their academic
understanding can be evaluated. This will give an idea to
the MOOC creation teams about the actual impact of the
courses on student learning.

Feedback and Assessment — Feedback can be collected
through the portal of the student’s opinions about the
MOOC. This is an essential part of the design process
since it will enable the teams to know the pros and cons of
the program and what more can be achieved by means of
this model.

Change Integration — The platform on which Industrial
MOOCs will be hosted should be a highly flexible
programming regime that can adapt to the changing times
and needs of the students, faculty as well as the industrial
experts. Integrating new parts to the model should be
easier and anticipated while formulating its executive
framework.

. Re-Launch — Once in a few months, the material has to be
revamped based on practical changes occurring in the field
of expertise. The MOOC teams will have to be actively
involved in conversation with each other by means of the
collaborative online platform so that both sides are always
updated on changing needs of the students. Innovation,
which is the highest priority of the initiative, has to be a
seamless undertaking on part of all sides involved in it.

COMPARATIVE ANALYSIS

It is important to understand the comparative benefits and

non-benefits of the proposed model in light of the currently
operational educational MOOC system.

i. Source of Content:

a. E-MOOC: The current model has academic
institutions as the main source of its content.
Other parallel sources exist, but they are not very
prominent in their engagement with the model.

b. I-MOOC: The proposed model has two main
sources of content: 1) Academic institutions and
2) Industries/ Organizations. It is generally
agreed that content from both these sources is of
importance in the context of Engineering
Education, making it different from instruction in
other fields of science, and hence such
collaboration can be much more beneficial than
the E-MOOC model.

ii. Model Characteristics:

a. E-MOOC: Flexibility of time, place and student
background is one of the main characteristics of
the current model.

b. I-MOOC: The proposed model has a certain
indirect restriction on the academic background
of the student (since it will not be easy to follow
for students who are not enrolled in engineering
or related fields), however, the scale of the
resources that are made available are richer than
the current model in terms of its application base.

ii. Scope:

a. E-MOOC: The scope of the current model is
mainly academic and it is, at this point,
incomplete in terms of future possibilities that are
on offer within the platform. For example, once
the course is over the student is assigned a
certificate of completion and the module ends
without any further opportunities of involvement
of the student with the concerned institution
within the platform.

The student in this case is not involved as an
active participant after the course is over. He/she
does not have an opportunity to engage deeper
with the content and its source with the help of
real-time collaborations.

b. I-MOOC: The proposed model overcomes this by
having an ongoing and seamless integration of
academic and industrial resources. The
information is active in nature since it is
constantly updated with time and as per the
student requirements. Feedbacks are constantly
sought and improvements are made on the basis
of valuable suggestions and other technological
developments.

Students enrolled in I-MOOC can be active
contributors alongside the MOOC teams, through
the duration of the course and afterwards. This
way, the knowledge gained by means of the
course is brought to the field through the
platform, and possibly can be extended to real
and offline partnerships, thus outreaching and
thus expanding the current model.

iv. Involvement:

a. E-MOOC: The students are involved at a fairly
good level in the current MOOCs and they
contribute to the discussions and peer
assessments during the course of their study.
However, their involvement is limited to the
small academic team and does not reach a larger
audience in the field of study, outside of the
platform.

b. I[-MOOC: Students (especially those enrolled in
Engineering courses), by means of the -MOOC
can be involved with a wider audience in the
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field. Since both academic and industrial experts
are part of the course preparation and seamless
integration processes within the platform, it offers
the students to converse with the best minds
working on real projects, in real time. The
contribution of these students might entail the
possibility of integration into a larger pool of
systematic, scientific and innovative knowledge.

Richness:

E-MOOC: Content is rich mainly in textual
resources and  information and  other
supplementary sources like recorded classroom
lectures, promotional videos, articles, images,
maps, etc.

I-MOOC: Content here is rich in terms of its
frequent updates, coverage of real-time project
undertakings by means of video, audio, etc.,
including all the textual and online materials that
E-MOOC:s currently offer.

Stability:

E-MOOC: These are stable models; however,
they are not seamless in nature. They have
starting and end points that act as limitations for
the students who want to access the resources in
real-time and want to collaborate in practical
projects.

I-MOOC: The proposed model is stable as well
as seamless in terms of its content, since old
content is frequently updated keeping in mind on-
field developments. Students can be consistently
involved with the portal and be active learners
and innovators.

Sustainability:
E-MOOC: This model currently does not entail
long-term sustainability, since its updating
patterns are inconsistent with the growing
availability of many relevant sources if
information.

I-MOOC: This model is designed keeping in
mind its need for change with the changing times.
It can easily be updated and integrated with new
models of functioning, thus making it a highly
sustainable model for the student community.

Future Advancements:

E-MOOC: The current model is trying to offer
seamless education by means of courses that can
be joined and pursued as per the time availability
of the student. However, such a model does not
entail institutional certification of students at this
point. This may possibly change in the coming
years.

b. I-MOOC: The proposed model, however, is a
much more advanced version of the current
generation of MOOCs and comes with an
inherent tendency to adapt to change and
improvements in the future. Since it will be part
of the institutional-industrial cluster, it can easily
integrate dual-certification of qualification, as
gained by the students.

CHALLENGES

One of the key challenges that this model faces is key
policy changes within industrial and organizational structures,
with respect to opening its doors for seamless real-time
educational initiatives with academic institutions. Sharing of
these resources need to be freed from the Intellectual Property
Regulations which these organizations might impose on them.
A third-party intervention (from the central government) might
be required for a large scale initiative of this kind to take flight.
A sound grounding of the project is needed in order to ensure
that the application of this model reaches many engineering
colleges within the country.

SCOPE

Educational institutions and industrial organizations are
known for their highly bureaucratic approach and it can be
more of an obstacle for MOOC integration than an advantage
[6]. By means of I-MOOCs we are offering a solution to
students who want to learn across these walls. I-MOOCs are
meant to act as bridges that can give students important access
points to the real and ever-changing sources of knowledge in
the Engineering Sciences. However, it is suggested here that in
order to see the practical implications of the model in real
classrooms further research is required.

CONCLUSION

I-MOOC model, as proposed here, is a highly sustainable
and innovative model for the Engineering classrooms of today.
It has important advantages to offer and many obstacles to
overcome. The process has to be slow and steady in
implementation. The concerned partners need to be brought
together with an aim higher than organization, which is
flexibility and seamlessness. Actual use of their knowledge on
field will help make student experience highly interesting and
relevant. Students of today who will become engineers of
tomorrow are important resources for our country and hence it
is undeniable that we should do whatever we can to provide the
best model of education for them, in order for all of us to have
a better tomorrow.
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Thinkers in My Classrooms
Teaching Critical Thinking — Deductively

Abstract—One of the paradox about
humans thinking is that they are not
simply the only “logical’ animal, they are
also the only “illogical” animal among all.

They are the only animal that uses
meanings —ideas, concepts, analogies,
metaphors, models, theories, and

explanations —to make sense of things,
to understand, predict, and control things.
They are also the only animal that uses
meanings to negate, contradict, and
deceive itself, to misconceive, distort, and
stereotype, to become dogmatic,
prejudiced and narrow-minded. Humans
are the only animal whose thinking can be
characterized in terms like clear, precise,
accurate, relevant, consistent, profound,
and fair; they are also the only animal
whose thinking is often imprecise, vague,
inaccurate, irrelevant, superficial, trivial,
and biased.

Critical thinking makes sense in light of
this paradoxical dichotomy. Humans
shouldn’t simply trust their instincts. They
shouldn’t unquestioningly believe what
spontaneously occurs to them. They
shouldn’t accept as true everything taught
as true. They shouldn’t assume their
experience is unbiased. They need to form,
they are not born with, intellectually
sound standards for belief, for truth, for
validity. They need to cultivate habits and
traits which integrate these standards into
their lives. It is possible to achieve this by
learning traits of Critical Thinking. Critical
thinking is a trainable skill. This paper is
case-study of the endeavor to teach these
skills -deductively to Ist year Engineering
students. The multi-disciplinary and
radical approach in terms of content and
methodology has created inquisitive

978-1-4799-9991-0/15/$31.00 ©2015 IEEE

students with mind more open and
thinking more precisely. The papers also
show case the evidence of this
methodology, which is successful in
inculcating the skill and ability to think
critically.

Keywords—critical thinking, trainable, skills,

Specific Skills Core Skills Personal

Characteristics

Communication Skills

o Bustness ethics
o Professionalism

o Database knowledge o Selfconfidence

o Spreadsheet o Critical thinking
fnowledge o Creative thinking

o Word processing o Tuterpersonal skill
fnovledge o Leadership skills

o Abltytoadaptio o Experience withreal
changing technology  world problemns

o Technical skill

o Mathematical skills

engineering students.

Need of the Hour

According to Forbes magazine, among the 10 most
critical job skills to parlay in job search, Critical
Thinking (found in 9 out of the 10 most in-demand
jobs) is the most desired one [1]. They have defined
this skill as, “using logic and reasoning to identify
the strengths
solutions, conclusions or approaches to problems”.
David A. Garvin has said that the need is to
sharpen thinking skills, challenging assumptions,
having multiple perspectives [2].

and weaknesses of alternative

Issues and Concerns

Education as panacea that can cure problems of
world and can break the shackles of poverty, crime,
unemployment and so on is always portrayed. Such
expectations from the formal education system is
crumbling down the belief of the practioners,
teacher, students and industry alike. The workplace
is devoid of critical thinkers and colleges are
practicing learning, bereft of spurs that can trigger
critical thinking skill [3]. One survey (1999)
graphically indicated employers’ satisfaction for
graduates job skills which are desired by the them
for hiring. Skills are considered into four main
elements, that is specific skills, core skills, personal

o Listening skills

o Speaking skills

o Wiitten
communication
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characteristics, and communication skills under
which skills like ethics, Critical thinking, ability to
adopt to changing technology and so on  are
chalked down[4]

Thus the dynamicity of the 2Istwork-culture,
employee diversity and demands of multi-tasking
ability demands Individuals to have ability to adopt
and adapt. [5]

It is increasingly clear that graduates need to
clearly distinguish between clarity vs. clarity;
precision vs. imprecision: specificity vs. vagueness:
accuracy vs. inaccuracy; relevance vs. irrelevance;
consistency vs. inconsistency; logicalness vs.
illogicalness; depth vs. superficiality; completeness
vs. incompleteness [6]. Higher Order Thinking Fig
Fig 1: Skills under four factors skills is emerging as
the magic potion for the graduates having degree
but still not employable.

The Solution

Higher Order Thinking Skills are defined in three
precise manner [7]. (1) HOTs as transferable skills
(2) Skills in terms of critical thinking, and (3) skills
that helps in problem solving.

Thus critical thinking category encompass thinking
which is reasonable. It is also reflective thinking
that guides thinker to decide what to believe or
do’[8] . It also means artful thinking, comprising
rational, inquiring and exploring, perceiving and
defining, associating and involving, exploring
intricacy, and reconnoitring different perspectives

[9].

The empirical research has again and again
reinforced the explicit, direct instruction of these
skills [10].Understanding that aspiring engineers as
a critical thinker can overcomes the barriers in
thinking, and understand the limitations of an
assumption and its implication; an inference and
conclusion; arguments - sound or invalid; opinion
vs facts; information sieving among other
ambiguous and arbitrary thought processes thus
achieving the intellectual standards comprising
empathy, humility , fairness, among others traits.
It was felt a course of Critical Thinking for UG
level of engineering program should be
administered deductively. The curse was proposed
in one of the premier engineering college of
western India. The need for the course was
reinforced during the Internal Quality Assurance
Meetings (IQAC) the highest steer committee of
the college comprising various stakeholders of the
institute. It was felt that the environ created by this
course will inculcate in them thinking about
thinking.

The Innovation

A course Critical Thinking was designed by in-
house faculty in consultation with experts after
going through various studies and surveys
indicating the need like problem solving, logical

and rational thinking, clarity of thoughts, among
other graduate attributes. The course was passed
through various academic bodies of the university
and then was offered to the Ist year students of all
branches ( EC, IC, IT, CSE, Civil and Chemical).
The teaching scheme is one hour lecture per week.

The course comprise interdisciplinary approach and
is judicious mix of literature, philosophy, logic,
reasoning and technical content.

Salient Features of the Course

The syllabus of the course was well researched and
learning outcomes were well-defined and tangible
in nature. With learning outcomes as ;

By the end of this course students will

* be better decision makers

* be able to evaluate facts in an argument
¢ learn Art of Questioning

* be able to derive truth, ambiguity, vagueness and
fallacy in arguments

* According to Socrates, the unexamined life is not
worth living. Students will discover that many
questions have no clear answers. While one strives
for certainty, often the best one can do is obtain a
reasonable degree of probability. This will help
them crack their competitive exams where many
answers are plausible.

The syllabus covered
o Blooms Taxonomy

o Thinking about information and
emotions, truth and knowledge

o Recognizing arguments

o Inductive and Deductive

Reasoning

o Analyzing defects, fallacies and
avoiding them

o Reasoning & elementary
argument analysis and organized

thinking

Pedagogy of the course was also very innovative in
nature and active learning was employed along
with blended leaning for the administration of the
course. The course pedagogy involved lectures,
videos, TED talks, discussions, assignments, case
study and presentation of case study by students on
Lack of Critical Thinking in Technical Disaster and
amovie ‘12 Angry Men’.

Some of the case studies presented by the students
included Challenger Space disaster; Chernobyl



Nuclear Disaster; BP Oil Spill; Kansas technical
disasters among other disasters

The learning of these presentations were to make
them understand and realize that disaster is an
event but the process of the same starts very early
when attributes of thinking were ignored.

The classroom teaching involved discussions,
debates, braining-storming, challenging the beliefs
and assumptions, arguing and differentiating
between argument and disagreement/valid and not
valid /sound and cogent arguments.

The course was evaluated by formative and
summative assessment.

The Diagnostic Test

The Pretest was held on January 24, 2014 and a
standard CT test from Cornell Critical Thinking
Test Series was designed on Moodle for more than
400 students. Other student deliverable included
class-room interactions, discourses, class- room
conversations, journals entries, assignments
submissions, viva-voce et al.[3]

The outcome of the course was judged by the
diagnostic test consist of pre-test and post —test.
The test was conducted on the very first week of
commencement of the course and post test was
conducted on the final week of the course

The Post Test was held on April 24, 2014 with
same students and same standard test.
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The result as indicated by the graph shows clear
shift of thinking process of the students.

Fig:2 A sample graph of pre-test vs post-test
performance

Concluding Remarks

The student who were administered this course are
clearly more forthcoming, clear in thinking and
well-articulated, research has shown that student do

well and get well motivated when they know that
they are learning how to practice critical thinking
skills.

It was felt by other teachers of the institute that
they keep on asking - Why, How and What and
they don’t hesitate to challenge the preconceived
notion.

The survey and these intangible results indicated
that it is possible to teach critical thinking skill by
deductive method. In fact various research studies
have shown that direct method of teaching critical
thinking yields good result

It is also possible to instil Art of Questing in the
students

The untraditional method of teaching-learning and
evaluation can make student engagement
interesting and effective.
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Abstract— Education in India in 21% century demands
innovations in the evaluation methods with the emergence of
Outcome Based Education (OBE). Lots of Research is already
done in innovations in teaching and learning methods, but very
few literatures on the innovations in evaluations are available.
The paper discusses various innovative methods for the
evaluation of students. The pros and cones of traditional exam
and the new methods are also discussed. A survey on the various
method is carried out and the results of the same are also
presented.

Keywords— Open book exams, Outcome based education

I. INTRODUCTION

21" century education is almost changed from
traditional chalk and board to video projector. Lots of other
innovations are also proposed to improve the teaching
learning process. [1-3] from olden days of schools,
examiners prefer the traditional written exams for the
evaluation of knowledge gained by students. In traditional
exam system, there is a midterm exam of about 50 marks is
conducted after half semester is over and at the end of
semester 80 or 100 marks exam for the full syllabus is
conducted. In all the exams students are supposed to write
the answers of the questions asked by the paper setter.
Moreover, students are not allowed to carry any learning
material or any electronic gadgets with them inside the
exam hall. The exam timings are also fixed and are decided
by those who will not be taking that exam.

The modern Outcome Based Education propose
many innovations in the class room teaching and self -
learning.[4-5] Less emphasis is given on the evaluation of
the students who are forced to learn as per OBE. Does the
traditional exams suit the modern OBE? Are there any other
methods to carry out evaluations? Are the new innovative
methods, if any, satisfy the evaluation criteria? Are the
students ready for the new evaluation method? Are the
teachers ready for that too? The paper discusses the answers
of some of the questions listed above.

The rest of the paper is organized as follows: Section II
discusses different methods and its pros and cones on the
education and education system. Section III presents a
discussion on a survey conducted on various evaluation
methods and results of the same. Finally, the paper ends

Identify applicable sponsor/s here. If no sponsors, delete this text box
(sponsors).

with the concluding remarks.

II.  EVALUATION METHODS

There are various methods of evaluation. Each method is
elaborated with its pros and cones.

A. Traditional Written Exams

Written exams are very popular way of evaluating the
progress of students.[6] The little modifications made in
such kind of exams are continuous evaluations or change in
the marking patterns. In continuous evaluations, more than
one exam is conducted at regular time interval and the final
evaluation is based on the total or weighted sum of all the
exam marks. The very obvious advantage of this method is
that the students and teachers are well acquainted with this
method and they don’t need any extra care at the time of
execution of exam. All the questions asked are clear and
have specific answer to them. An evaluator can easily
compare the performance of all the students based on the
answers as the expected answers are known in advance.[6]
The marking scheme is also fixed and all questions carry
some predefined marks. Overall it is a safe game to play on
the part of the evaluator. On the part of student also the
traditional method is not disadvantageous as they need not
to do anything new that they are not aware of. However, the
traditional method of exams is not suitable in new
education systems due to several reasons. Normally, teacher
takes some particular subjects every year and the same
teacher draws the question paper for the subject. The
repetition of the paper setting work spoils the novelty of the
teacher in drawing the papers. The same teacher cannot
bring newness to the paper every time. Almost every five to
six years the questions are repeated in the question paper.
Students have the tendency of referring the old question
papers. If one refers the question papers of last five years,
then can easily predict almost 40% of questions, which is
the passing marks for any exam. This problem can be
overcome by changing the subject taught by a teacher every
two or three years. If every two or three years a teacher
changes the subject then cannot develop the competency for
that subject. Moreover, there are specific types of question
can be asked in the written exams. Students normally refer
to the old question papers and get the idea of what kind of
questions are generally asked. This will make the exam



ineffective. Moreover, students only remembers the
concepts learnt in the subjects and do not learn the
application of the subject as they never find an opportunity
to apply the concepts practically. The traditional written
exams tend to test only theoretical knowledge gained by the
students.

B. Viva or Oral Exam

Other than written exam, viva or oral exams are also
conducted for the evaluation of students. [7] Mainly viva
are conducted as a part of regular evaluation with written
exams. Only viva are generally not conducted for the
evaluation. Viva are conducted in groups. Two or three
students are examined at a time by a group of teachers or an
individual teacher. The session does not last for more than
15 to 20 minutes. Teacher asks 10 to 15 questions from the
full content of the subject. Few questions are not ample to
judge the competency of student in any subject. More
questions are difficult to ask as all the answers may not be
given orally. There is not adequate opportunity to the
student to present his/her views in the short time of viva.
Teacher also has very less time to judge the student, which
makes the unfair evaluation of student if only viva or oral
exams are conducted to judge the students.[8-9] Viva can
be used with written exams to make it more effective.

C. Presentation Based Exams

Presentation examinations is one of the methods used by
teachers to evaluate the students. Using this method the
teacher can not only judge the competency of student in the
subject, but also the communication skills, presentation
skills and level of confidence as well. Viva is normally used
for the evaluation of Seminar, Project or Case Studies. Any
subject where traditional class room teaching has not taken
place, the presentation can be used as a method for
evaluation. It consumes less time for evaluation, less
preparation on the part of teacher is required and provides
an easy mean to judge the presenter. The main problem
involved with this method is that it cannot be applicable to
the subject where lots of contents are to be delivered. One
cannot present the whole content of any subject in single
presentation effectively. Such presentation requires large
amount of time and for such large time the teacher does not
enjoy the process of evaluation. Adequate amount of time
can be given to presentation only if the number of students
to be examinee are less. If a class of 60 or 120 is to be
examined then presentation based exam is not an effective
method as it is cumbersome for the evaluator to listen to
many students at one go [10]. Every teacher has some
prejudice for every students. The impression of student, on
the teacher, also has an impact on the evaluation of Viva,
which may be advantageous to some students and not to
others.

D.  Open Book Exams

Modern universities advocate the Open Book Exam to
reduce the so called ‘burden of exams’ on the students [11].

In this kind of exams students are allowed to carry the
material related to the subject to be evaluated in the exam
hall. The exam will be written exam only, but with
supporting material allowed during the exams. It is quite
difficult to invigilate for such exams as students may pass
on the material to other students, which leads to unfair
means in the exams. In some cases students are allowed to
carry only class notes given by teachers or one or two
books related to the subjects, which are identified in
advance or photocopy of three to four pages written by
students prior to the exams related to the subjects. This
method seems promising on the part of students, because
students can learn while they are appearing for the exams.
Student must know the full content of the subject before the
exam so that the time is not wasted in finding the
appropriate content to answer the questions during the
exam. In this evaluation method the burden may increase on
the teacher as teacher has to ask the questions whose
answers are not obvious and directly available in the
material allowed. Teacher has an opportunity to ask
innovative questions and students have the opportunity to
apply the knowledge gained during the class. Students will
also learn to apply the available connect to a specific
problem. Teacher competency of the subject plays a vital
role in this kind of evaluation.[12] Teacher can ask the
question of any complexity, but on the other hand teacher
must be able to answer the question as well. To avoid the
consequences of innovative questions and answers, teacher
may ask the question from the material, which is not
allowed during the exam and the solution is available
somewhere. If teacher does not keep the honesty then this
method is as good as traditional exam as no innovation in
the questions are expected and the evaluation is like
cheating the students.

E. Open Source Exams

Yet another method, similar to open book exam is open
source exam. In this kind of exams, students can use any
material may or may not related to the subjects or even
Internet. Students may solve the problems in groups as
well. In such methods it is extremely important for the
teacher to be competent enough to set the questions, whose
answers are not directly available anywhere[12]. There is
plenty of opportunity for the students to learn new things
with all available content. If the teacher can set an actual
innovative problem then students must learn many things
from the exams. They will be able to apply the knowledge
explored by them or by anyone else in the world to solve a
specific problem. The beauty of such exam is that there can
be multiple solutions possible for one problem and they
may be acceptable as well. The biggest problem is the time
require to conduct such exams. The fixed time limits given
to traditional written exam may not be suitable for such
exams. Teacher must decides the timing carefully so the
problem can be answered fairly. The burden on the part of
teacher increases in such exams, but the teaching learning
process that take place is much more valuable than any
burden that a teacher has to borrow. Well, open source or
open book may not be possible in all the subjects. Some



subjects are theoretical subjects and some are fundamental
subjects in which, a teacher may not ask innovative
problems as the fundamental knowledge is to be tested. In
such type of subjects traditional exams are must.
Innovations are applicable to the subjects which are
application oriented or advanced research topics.

F.  Project Based Exam

A proposed method that can be considered as one of the
most effective method is project based evaluation. In such
scheme one or more than one project is allocated to a group
of students. Students knowing nothing about the subject,
find the content related to same, may be using Internet or
other literatures in consultation with the teacher. Students
solves all the difficulties themselves and may ask for
support of faculty if require. The final output of the project
sets the evaluation criteria. Rubrics can be designed to
evaluate such outcomes. In this method students have
ample opportunity to learn as they start from the scratch.
The major problem in this method is that the project
definition. If a proper definition, which satisfy the subject
learning requirement, is not designed then this method
results in improper learning. Students may learn things out
of the project but the learning may not be at par or exactly
related to the subject. Moreover, teacher must spend ample
time to explain the basics and the exact outcome of the
project to the students so that they can execute the
assignment properly. This method helps learning to students
as well as teachers. As students start from scratch and not
knowing anything about the implementation initially, lots of
innovations are also possible. This method inculcates
research attitude amongst the students.

III. A SURVEY CONDUCTED ON INNOVATIONS IN
EVALUATION AND RESULTS

The exams are finally taken by students, so their opinion
matters the most. To know the opinion of students, a survey
was conducted on more than 500 students about various
methods of exams and their effectiveness. The results are
not surprising and are similar to what is discussed in the
paper so far. The survey is carried out on the students of
engineering, who are undergraduate, postgraduate and Ph.
D. students. The discussion on various questions is as
follows:

When it is asked to the students what exam method they
like the most then the most common answer received was
the project based learning. Fig 1. Shows the response of
students about the method evaluation.

Viva [10]——————  ——————Splf loarnin [37

— Traditional [686]

Presentation [62]
Fig 1. What kind of exams the students like the most?

Out of the 520 students taken the survey, around 47% (247
students) think that the project base exams are the best
method for evaluation while only 10 students and 66
students are in favor of viva based and traditional exams
respectively. Out of 76, total 23 students who favor viva or
traditional exams are have got failure in exams at least once
in their studies. 57 out of 247 students who favor the project
based exams have got failure in exams. Total 98 students
favors open book or open source exams out of which 29
have got failure in exams. The results shows that the
students who favors traditional exams, has large number of
students who have failed in the exams and may want only
traditional exams so that they can pass it easily. However,
around 25% students who are failed and favor the project
base exams, think that the traditional exams do not judge
their potential in a right way. Fig 2 is the opinion of
students about the effectiveness of traditional exams. The
question is that whether the traditional exams are proper
way of evaluation.

Fig 2. Effectiveness of Traditional Exams

When the question about the traditional exam is asked, 45%
students out of 520 say that traditional exams are not a
proper method of evaluation. Rather more than 40% also
think that more than one method of evaluation can be
combined. When it is asked that the project based method is
the proper method of evaluation then 60% student agree
that project based evaluation is proper method if applied in
a proper way to the proper subject. Around 16% think that
the success of project based learning depends on the nature
of the subject.

If open book or open source exams are to be conducted then
the opinion of 58% student is that the exam has to be open
source and everything related to the subject must be



allowed in the exam hall. If the exam is open book then it is
as good as traditional exams if limited literature is allowed
is view of 70% that can be seen in Fig 3.

If open book is allowed then what material should be
allowed to make it effective?

All applicab [54]
Only one tex [47]

— Only class n [17]

— Books and ¢l [81]

Every thing [309]

Every thing related to subject including Internet 309  58.7%

Only one text or reference book 47 8.9%
All applicable books 54 10.3%
Only class notes 17 32%
Books and class notes 91 17.3%

Fig 3. Literature/Material allowed for Open book/source exam.

Moreover, only 30% students think that open book or open
source exam is an innovative way of evaluation. Fig 4
shows the opinion of students about the effectiveness of
open book/source exams.

In any method of evaluation the competency of teacher is
must. If teacher does not devote the self then the evaluation
method is not appropriate. 80% students feel that the
competency of teacher is must for proper teaching and
learning take place.

Is open book exam an innovative evaluation method
which can replace the traditional exam methods?

Depend y ¢ n [103]
Yes 157 29.8%
No 127 24.1%
Depends on nature of subject 99 188%
Depends on nature of questions asked 103 196%
Depends on time allotted for exams 3 5.9%

Fig 4. Effectiveness of Openbook/ Opensource exams

Competency of Faculty is must for proper
evaluation of the subject.

P o TTET
— May be [78]

— Mot necessar [25]

Yes [418]—

Yes 118 795%
May be 76 14.4%
Mot necessary 25 438%

Fig 5. Requirement of Competent Teacher

Moreover, 58% students feel that the exam should be
conducted twice a semester at a predefined time. Maximum
marks and passing marks of the exam should also change
with the subject as per the view of 43% students. 57%
students favor relative grading for the evaluation of the
subject.

Conclusion

All the exam methods discussed have their own pros and
cons. For modern education systems traditional exams may
not work well. Project based exam can be considered as a
future evaluation process. If properly conducted and
evaluated, project based exams provides adequate
opportunity to learn and explore the extremes in field of
interest.
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Abstract— Teaching of mathematics in engineering quite often
becomes the mere mechanical process. Students of engineering
branches lost their interest of mathematics due to the same. In
the present work points are given to make the mathematics
teaching interesting in engineering by discussing the different
conceptual ideas of the topics. The benefits of the learning with
the insight of conceptual ideas of mathematics are also derived
and attempt is made to encourage mathematics faculties to think
ahead and work in the described direction.

Keywords—Conceptual ldeas, Green’s
Cayley-Hamilton Theorem, Provoke thinking.

Theorem,

I. INTRODUCTION

Mathematics is one of the fundamental subject of
Engineering. As, well, teaching and learning of the
mathematical subjects are essential in various engineering
disciplines. The mathematical subjects are offered everywhere
in engineering institution but the various conceptual ideas
behind the topics are rarely discussed. The process of teaching
and learning mathematical topics remains only materialistic
and that is the reason for the students to lose the interest in the
topic easily. The discussion of the conceptual ideas are neither
to talk about the proofs of the theorems, those proofs are often
the manipulative in work nor the talk on historical
development. The teaching without proper discussion of
conceptual ideas lead to the misconception of the research.
Students start believing that research is an outcome of
accidental process not the outcome of extensive studies.

The discussion of the concept is the process of
finding the different thought behind the idea and the derivation
of the work. By discussing the conceptual ideas students get
the insight of the topic. They understand the development of
the subject. They come to know about that finding of the
research are the learning and thinking process not the
accidental thing. It makes session learning interesting and
students remember it for the long time. The conceptual
development learning encourage all to think about the ideas
derived and utilization of the same can be possible even after a
long time.

978-1-4799-9991-0/15/$31.00 ©2015 IEEE

1. EXAMPLES TO EXPLAIN THE PROCEDURE

Here, | would like to quote two examples to describe
the conceptual teaching of Mathematics:

The 1%t example is of the well-known Green’s
Theorem from the topic of vector calculus. The Green’s
theorem state that “the line integral around closed curve can
be transformed to the double integral inside region of that
closed curve”. There are many alternate proofs are available in
texts which prove the statement of Green’s theorem by doing
mathematical juggling. But important question behind the
Green’s theorem is how can it be realize physically? Was it a
nightmare or Green’s caught the idea accidentally?

Let me try to clarify it. Here it is important to note the
point that we are not discussing history of the Green’s theorem
rather we would like to wunderstand the conceptual
development of the theorem. This is the result of deep learning
process of George Green. He must not be interested to convert
single integration into double integration at all. He thought of
the process in the form of divergence theorem [1] and letter
Green’s theorem was derived by the work different
mathematicians like Augustin Cauchy & Bernhard Riemann.

Physically the integral QSEF' dr, where C is the closed
curve thought as the microscopic circulation of the vector field
F' inside the closed curve C. See the figure below.

C

Fig.1 Microscopic Circulation inside the curve C

We could see in figure 1, the microscopic circulation as a
bunch of small closed curves, where each curve represents the
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tendency for the vector field to circulate at that location (imagine that
the small curves were really small, much smaller than pictured) [2].

By summing all these microscopic circulations inside the
interior domain say D of the closed curve C transforms

integral E}SEF dr into the double integrals of the microscopic
circulation over D. i.e.,

%F’ dr = J- [Microscopic Circulation of F’) A
C

o]
Now, the question is how to represent the microscopic

circulation mathematically? Well, microscopic circulation in

the xy-plane turns out to be the z-component of the curl

(Right-hand thumb rule) [3].

dF, dF

dx dy

~ Mieroscopic Circulation = [Curi F ) k=

fr- [ (- )

D
Which is the mathematical statement of the Green’s theorem.

The 2" example is again well known theorem of
Caley & Hamilton. Generally, Mathematics Teacher simply
state the Cayley Hamilton theorem as “Replacement of Eigen

value 4 in the characteristic equation by the matrix A go
through as well” and all can verify it very easily. But the point
is how Cayley & Hamilton derive it? Is that the part of
accidental research? Or did they derive it by trial & error? |
came to know about one procedure behind it. We know
multiplication of 3 x 3 matrix with 3 x 1 matrix result into 3 x
1 matrix. If we keep multiplying the same matrix with
resultant vector four times as an output we will have four
vectors of the order 3 x 1. Now if we check these vectors are
linearly dependent as they are more than the order of the
original matrix [4]. So, we can express one vector as the linear
combination of others and this linear combination exactly
match with the characteristic equation. Let us understand this
procedure with an illustration.

1 2 3
Let, A = |4 5 6] be the real square matrix of order 3.
7 8 9

The characteristic equation for the matrix A is,
A?—151r —18i=0

Now, if we initialize the process of multiplication of matrix A
with nonzero initial vector e; = [1 0 0]", we get

1 2 3|11 1
de, =4 5 6||o|=|4
7 & 9llol |7

Repeating the multiplication process we get

1 2 3
Ale, =4 5 6
7 8 9 102

1 2 3 468
Ale, =14 5 6 1062
7 8 9 102 16561

As a result we have set of four 3 x 1 vectors

oo 2]« [

1062|
1656
Clearly, these vectors are linearly dependent vectors.
So, we can express one vector in the form of linear
combination of other vectors. If we derive the linear
combination then it is like,

4638 30 1 1
1062| =15| 66 |+ 18|4|+ 0|0
1656 102 7 1]

= A%e, = 154%, + 184e, + Oe,
= A% =154+ 184 = A®—154°—184 =0

Which is exactly matching with the characteristic
equation of the matrix A. The process remains true for any
square matrix of order n and that is the general statement of
the Cayley & Hamilton theorem.

I1l. CONCLUSION

By discussing the conceptual ideas in the way
describe here encourage students to learn extensively. They
clear their thoughts about research that research is not an
accidental process. They find the process interesting. Even
Teacher will be encouraged and can get the same benefits by
doing the mentioned exercise. | accept the limitation of the
work present here and expect mathematics teachers to work
more in this direction. The study is thought provoking for all.
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Abstract—This paper focuses on the essentiality of
incorporating ethics as a course in engineering education. It
claims that an amalgamation of ethical awareness and
engineering skills can enable the future engineers to strengthen
the relation between technology and society.
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I. INTRODUCTION

Ethical awareness is doubtlessly an essential requirement
in engineers and this fact rarely evokes a disagreement. We
tend to feel that being ethical is good, as it sounds good and
makes us look good in the eyes of others, thereby, proving that
we all want to fit into our individual notion of the ‘good’,
which, at the same time, should coincide with the sense of
morality sustained by our social climate. If that concept of
good is challenged, our belief system, which is its rootage, is
challenged as well. However, did we consider that the idea of
goodness varies from person to person? In that case, some
questions arise. If our beliefs are open to scrutiny and can
afford to have exceptions, are they fundamental and absolute?
Where do our ethics come from? Is it from religion or family?
From culture or from nature? Answers to these questions,
unlike those to empirical questions which can be concretely
found if the resources are known to us, are hard to find. To
define ‘ethics’, one may say, “it is the branch of study dealing
with what is the proper course of action for [the hu]man” [1].
As contested earlier, the sense of propriety is bound to vary
from person to person. Hence we can say that we all have our
own set of ethics which is socially, geoographically, culturally,
religiously and professionally conditioned. Students who have
been oriented into the study of engineering require a sound
sense of ethics to make professional decisions in future. In this
age of artificial intelligence, where human beings are
successful in creating computers as well as computer softwares
capable of intelligent behaviour, it is equally essential that they
are capable of making appropriate professional decisions as
engineering has a direct relation to the society’s welfare. In this
enterprise a mandatory requirement is the individual’s ability to
“think”. Psychologist B. F. Skinner famously said: “The real
problem is not whether machines think but whether men do.”
The concern raised by Skinner is all the more applicable in the
case of the present generation of students who are habituated to
decide upon things instantly, taking less efforts in reasoning
out what are the other available options. Ethics provide
students with a vantage point from where they can have an
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objective approach towards any problem, which is also the first
step of problem-solving. “...the essential prerequisite to solving
any problem is to define exactly what the problem is, and the
engineering approach truly emphasizes this point. The need to
propose possible solutions and evaluate them requires the
formulation of a ‘thought’ model or analogy based on the
particular circumstances and a logical process of evaluation.
Again, the fact that there is no unique solution to an
engineering problem, but only a compromise solution chosen
from a number of possible solutions, is another essential
concept in solving real-world problems and leads directly to
the need for decision making processes” [2]. In this quote from
Professor Douglas Lewin’s article named “Engineering
Philosophy —The Third Culture?” the author tries to exonerate
engineering from the constricted definition which delimits it to
be a profession that aims at merely designing and
manufacturing artifacts. He demands for the recognition of an
engineering philosophy that shall broaden the purview of the
profession and uphold its creativity in problem-solving within a
perplexed environment. While emphasizing the necessity of an
engineering philosophy, Lewis opines that doing so shall
liberate engineering education through a confluence of the arts
and sciences.

Engineering philosophy, which concerns itself with the
philosophical issues that are applicable to engineering, also
includes ethical concerns. Hence prediction related to an
artifact is not only about its proper functioning but also
regarding its social usability and value. However, ethics is
better understood if one learns about the different philosophical
approaches towards decision-making that has been the
prerogative of philosophers so far. The realisation that our
point of view is not the one and only way to interpret
something, makes us respect other’s perceptions.

II. ETHICS AS A BRANCH OF PHILOSOPHY

Unfortunately, an average human mind grossly misconstrues
the word “philosophy”. There is a popular tendency to
correlate it with “something” that is otherworldly,impractical
if not unexplanable. That philosophy shares an integrated
relationship with each and every branch of knowledge thus
gets a clean miss. The following words of Philosopher Simon
Blackburn might help us to identify the practicality of
philosophy as a body of knowledge as well as the necessity of
engineering education to collaborate with it. “I would prefer to
introduce myself as doing conceptual engineering. For just as
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the engineer studies the structure of material things, so the
philosopher studies the structure of thought. Understanding
the structure involves seeing how parts function and how they
interconnect. It means knowing what would happen for better
or worse if changes were made. This is what we aim at when
we investigate the structures that shape our view of the world.
Our concepts or ideas form the mental housing in which we
live. We may end up proud of the structures we have built. Or
we may believe that they need dismantling and starting afresh.
But first, we have to know what they are” [3]. To identify the
frameworks which shape our worldview, primarily we need to
understand that our beliefs are not “natural” but socio-cultural
constructs. One’s notion of right and wrong is, therefore, not
bound to coincide with that of someone else. As Alain De
Botton says:“The philosopher does not only help us to
conceive that others may be wrong, he offers us a simple
method by which we can ourselves determine what is right.
Few philosophers have had a more minimal sense of what is
needed to begin a thinking life”” [4]. Philosophy thus turns out
to be the passage to arrive on ethical ideas through a series of
logical reasoning. In the following paragraph, we shall have a
brief look at some of the common philosophical ideas that
have been popular since ages.

Jeremy Bentham and John Stuart Mill introduced the concept
of utilitarianism which claims that, if an action benefits a large
number of people, the action is right, turfing out the number of
people who suffered as they are less in number. Morality in
this case is completely consequential. On the other hand,
German philosopher Immanuel Kant propounded the
philosophy that an action is morally worthy only if the doer
has a noble intention. In Kantian philosophy of morality, a
correct action can be morally worthless if one has an
unreasonable purpose behind it. Classical philosopher
Aristotle opines that justice is giving people what they
deserve. This theory in turn, calls forth the question: who
decides what a person deserves and how? On the other hand,
contemporary philosopher John Rawls thinks that justice is
possible only if our basic liberties are decided by a citizenry
which is temporarily oblivious of its social, ethnic, cultural
and economic identity since, under such circumstances, there
would be lesser chances of biasness. These were just a few of
the various other philosophical approaches towards morality
that have been proposed by eminent philosophers. A
philosophical approach towards any body of knowledge
initiates the functioning of the inquisitive faculty of the mind
which does not accept opinions as facts without reason and
justification. Philosophy increases our objectivity towards the
subject under concern and therefore gives us a number of
slants to perceive the same situation. However, the ethics
which we chose for ourselves after reading the subject through
different lenses is a matter of individual subjectivity.

Subsequently, ethics can be considered as the more practical
side of philosophy. “It can in turn be divided into the general
study of goodness, the general study of right action, applied
ethics, meta-ethics, moral psychology, and the metaphysics of
moral responsibility” [5]. Applied ethics deserves a special
mention as it reveals the underlying philosophical ideas

behind our day-to-day phenomena at work in particular and in
our surroundings in general.

III. ETHICS AND ENGINEERING EDUCATION

The common or rather primitive view of the pattern in
which engineers usually work, is the “received view”
according to which, engineers are mere participants in
enormous organizations where decision-making is the privilege
of managers, thus leaving the engineer with minimum authority
in taking decisions. “Managers choose what to do, divide work
into small jobs, and assign each job to one engineer or small
group. Communication between engineers is kept to a
minimum to assure management control. An engineer may
need permission from his boss even to discuss a project with an
engineer in another department or working group. Engineers
identify options, test them, and report the results to managers.
Managers combine these reports with business information
they alone have. Managers decide. Engineers merely advise”
[6]. Under such circumstances, the Engineer needs to decide,
say, when to blow the whistle or whether to blow it at all. And
to do so, the engineer needs to consider her/his area of work as
a rational undertaking in order to locate the ethically
objectionable issues within it. Taking the right decision under
such circumstances becomes crucial because the consequence
of such decision-making might have a panoptic effect on the
organization as well as on the society. A brief discussion on the
Challenger disaster might explain the significance of ethical
decision—making in the engineering profession. It shall also
delineate the horrid consequence that can follow when ethics
g0 wrong.

The space shuttle Challenger disaster has, by now, become
a classic case study to discuss matters such as whistleblowing,
organizational work culture and social security concerns. It also
exposes the threats of erroneous organizational practices such
as ‘groupthink’ and ‘go fever’ and shows the dire
consequences of overruling the engineer’s advice while making
technological decisions. The engineer Roger Boisjoly, who had
advised against launching the shuttle in the cold weather, was
ignored by the Morton-Thiokol management. This overruling
makes a case of unethical decision-making on the part of the
management body. In his essay “Technical Decisions: Time to
Rethink the Engineer’s Responsibility” Michael Davis
expresses the views of Rosalind Williams, who is a Historian
of Technology at MIT, on the Challenger Disaster. According
to her observations, “...the Challenger disaster is not a case in
which mere managers overruled engineers. Those doing the
overruling, three of Thiokol’s vice-presidents, all had degrees
in engineering. Mason had a bachelor's in aeronautical
engineering; Lund, a bachelor’s in mechanical engineering.
Though Kilminster’s bachelors was in math, not engineering,
he had a masters in mechanical engineering. The Challenger is
a case of engineers with management responsibility ignoring
the advice of other engineers, their technical staff, not of
MBASs run amok.” One of the other important reasons behind
such nonchalance towards engineers is the pressure that
customer-oriented companies create on their management
bodies, which, in turn transfer the same to the engineers
working under them, thereby curbing the engineer’s authority
in decision-making, unlike the work culture of engineering-



oriented companies where managers and engineers do reject
customer requests which, if kept, might challenge the
company’s ethics.

Incidentally, just a year before the Challenger disaster, the
Accreditation Board for Engineering and Technology (ABET)
in the United States decided that an understanding of the
ethical features of engineering should be mandatory for all
students pursuing engineering programs. The interpolation of
ethical awareness within engineering programs in ABET
might have initially appeared to be a fad as applied ethics,
especially in the field of medicine, was gathering a lot of
attention during the 1970s. However, the coincidental
occurrence of the challenger disaster just a year after this
modification by ABET established the essentiality of ethical
standards in the engineering domain. “The ABET 2000
requirements are more specific, requiring that graduates of
engineering programs have an understanding of the impact of
engineering in a global and societal context, as well as an
understanding of contemporary issues related to engineering.
ABET 2000 also requires that students have a “major design
experience” that includes ethical factors in addition to
economic, environmental, social and political factors” [7].1t is
of the utmost importance for the engineer to know that her/his
work does not stand in isolation for its own sake. Therefore,
while approaching any engineering project the engineer has to
keep in mind the effect as well as the utility of the project on
the society. Here I would like to discuss another kind of
ethical awareness that has become an essential requirement of
almost all corporate houses, namely: Corporate Social
Responsibility (CSR).

Today, the rapid advancement in business economy can
definitely be attributed to the extreme technological
sophistication. We all are aware of the extent to which
technology is being used to meet company targets and raise
their global standards. Under such circumstances, it becomes
essential that companies not only enjoy the yields of their
business profits but also stand responsible for the social and
economic effects their activities have on the society. A
corporation’s social responsibility shows the way/s in which it
pays back to the society. This is relevant to engineering
students as recruitments of engineers in customer-oriented
companies have increased in recent times. So, even if
engineering students go for startups, which is highly in trend
right now, an awareness of CSR would help them stand out in
the crowd.

IV. ETHICS AS A TOOL IN ENHANCING ENGINEERING EDUCATION

Teaching ethics in a classroom filled with engineering
students can be a tough challenge, as ‘ethics’ has an apparent
simplicity which is actually deceptive. It appears to be
something that students feel that they already know. Hence,
the facilitator needs to treat ethics as a tool to enhance the
student’s overall teaching-learning experience. They need to
realise that whereas different disciplines make us see and
interpret the world through different lenses, philosophy in
general and ethics in particular brings those very lenses under
examination. Briefing them on some of the classical
philosophical frameworks which examine concepts like truth,

justice, liberty and so on, broadens their outlook towards life.
Society grooms us to accept long-established norms
unquestioningly. It is philosophy that questions the base of
those norms and compels us to doubt their authority. Socrates’
method of examining common sense could be one of the ways
of doing so. Socrates wondered whether the notion of
‘popularity’ made any sense as we all commit the mistake of
linking popularity with correctness.

Interpreting twenty-first-century social, cultural and
economic phenomena in terms of classical philosophies can be
a fascinating activity in class. For example, a Kantian analysis
of shopping in malls or a libertarian analysis of a cricket
match or a utilitarian analysis of whistleblowing would
increase the inquisitiveness of the students and deepen their
observations.

While teaching this course to higher semester engineering
students, it is often noticed that some students cannot relate to
general ethical concerns or are nonchalant towards them. The
reason behind this could be the fact that they either cannot
locate the problem, or else they do not know how to generate
an opinion. Such students can be asked to comment on
ethically questionable issues from their day to day practices
such as offline and online gaming, advertisements, use of
expensive gadgets like smart phones, restrictions as well as
legal enforcement of morality. Consequently, students
themselves come up with the various ethical issues they face
in something as commonplace as gaming. Exposure to
violence, addiction, encouraging restlessness are some of the
unethical by-products of the gaming industry which were
pointed out by the third semester civil engineering students.
When asked to opine on such relevant issues, students share
their points of view with each other and the entire class
benefits from it. These discussions help the students to break
the ice as most of them, to their own surprise, come up with an
opinion upon the issues.

When students are asked to present on practical issues under
applied ethics, they use the different theoretical frameworks of
moral philosophy and try to analyse the problem in their own
way. For example, in the previous semester, fourth semseter
electrical engineering students were supposed to present on
various kinds of discrimination and their effects. The group
comprised of seven members. The class had expected a
conventional, formal presentation. However, the group came
up with a beautiful skit which acted out the vices of
discrimination. When some of the students in the audience
made fun of the unconventional presentation through boos and
catcalls, the performing group intelligently contextualised that
behaviour to their presentation, calling it the mob-culture,
which criticises anything that is different, thereby escalating
the upshots of discrimination on the basis of race, caste or
ethnicity.

Hence we can say that making the students realise the
presence of ethical issues in the current affairs or even in their
daily practices creates a greater awareness among them.
Through the presentations and theatrical performances
students have a dynamic teaching-learning experience in the
classroom.



V. CONCLUSION

As far as the requirement of teaching ethics to engineering
students is concerned, one might often find it insignificant, as
an ethical malfunction like the Challenger disaster occurs
rarely. Moreover, any technological enterprise, even if it is as
commonplace as a domestic flight, carries a risk of going
astray. Which means, that if we enjoy the success of
technology, we must also be ready to bear the brunt of its
failure. When technological errors are inadvertent in nature,
engineers have least culpability as no one can be actually held
responsible for it. But when technological errors are a result of
unethical decisions on the part of engineers, they are the ones
to be held responsible for the loss. We should realise that
technological disasters damage the society’s faith in
technology as well. Along with their technological
capabilities, engineers are mandatorily required to culture their
ethical awareness to retain the society’s reliance on science
and technology. Ethical awareness makes the engineers
conscious of their roles outside their office and they realise the
power they have in transforming lives through innovation and
design. In this article, we have tried to show the ways in which
ethics as a course helps in the overall development of our

engineering students and how it can act as a tool to sensitise
them towards their obligations towards the society. In so
doing, we have argued in favour of a reconciliation between
the two historical belligerents: humanities and science. Hence
we found Theo Jansen’s words, that, “The walls between art
and engineering exist only in our minds” extremely pertinent.
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