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Abstract- The Activity-oriented learning (AOL) is a fundamental aspect in the process of teaching and learning inorder to acquire the graduate attributes in the field of engineering education. Problem based learning (PBL) is one such type that enables to acquire the desired attributes. The present study furnishes the crafting of legitimate PBL problems in the field of civil and electrical engineering. The problems that are considered can be of various durations and can be classified into different phases depending on the knowledge that is gained by the learners and the requirements of the problems. The augmentation of one phase of a PBL problem that is considered in this study is promising by showing the skill improvement within the learners in solving the real time problems. The study concluded that with the augmentation of PBL learning, the skills within the engineering learners were enhanced and the inclusion of PBL in the engineering curriculum can significantly influence the capacities of both the educators as well as learners.
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1.0 Introduction

The enhancement in quality in terms of academics in the current state of the art of Engineering Education not only plays a crucial role in the production of employable skilled graduates but also provides the engineering graduates with a combination of entrepreneurial skills, accountability, social responsibility as well as professionalism. In order to acquire this goal, the accreditation bodies are entrenched so as to inquire about the quality of education in higher education institutes (HEI’s). NBA which is termed as National Board of Accreditation in India is an autonomous body that is entrenched with the aim of assuring quality and relevancy in the field of technical education has laid a mechanism of program accreditation that are offered by the technical institutions. By becoming as permanent signatory of the Washington Accord in the year 2014, the NBA accreditation process strictly implementing the Outcome Based Education (OBE) by considering the philosophy “Keep the Goal in Mind and Work to Acquire it”. This philosophy is set to clear the goals of education (outcomes) and then the process of educational design which enables the learners to meet the set goals.

The outcomes of such system of education enables the Graduate Engineers flourished with KSA (Knowledge, Skills and Attitudes) that forms the basis of Outcome Based Education (OBE). These specific objectives are defined at various levels of process of education starting from course levels (Course Outcomes – CO’s), Program levels (Program Outcomes – PO’s and Program Specific Outcomes – PSO’s) up to and after completion of 4-5 years of program (Program Educational Objectives – PEO’s).

The process of accreditation of NBA includes 4 phases: (a) Defining the objectives and outcomes at the Institution and program levels (b) Designing a well framed curriculum to meet all the defined outcomes/objectives, (c) Evolution of a well framed and efficient Teaching-Learning (TL) Process (d) Formulating worthy methods of assessment and tools to verify the learning process of graduates and monitor them by a system of continuous improvement process. Revised Bloom’s Taxonomy is utilized to estimate the skill sets acquired by the EngineeringGraduates.




In this context, the TL process and the methods of assessment look for an apt professionalism aspect within the Teaching fraternity. The professionalism has two sub categories and they are Restricted and Extended professionalisms. The restricted one emphasizes alone on higher level of competence within the class room like teaching skills and maintanance of good relationship with the learners. The extended professionalism aims on additional attitudes in the educators like their competency in work with reference to the society as well as community, substantiated by theory, research is of good practice. Henceforth, it is very much required for an educator to identify and exhibit professionalism in order to support greater learning capabilities of the learners. The extended professionalism of educators helps in acquiring the well designed graduate attributes or PO’s of NBA, that encompass all the requirements of the current day requirements of education.

In order to address the PO’s, the inclusion of Activity Oriented Learning (AOL) in the T-L process is necessary. The evolution of AOL is in the time of World War-II by a British Man named Mr.David.H, who is considered as a pioneer in the concept of AOL. It is a pedagogical approach in which different modes of activities such as quizzes, group discussions, brain storming, educational games, debates, problem solving methods, field works, projects, mind mapping etc., are included during the T-L process. In this methodology, the learners learn by doing the activities in a simulated work environment. Further, they are also encouraged to take up real time problems. In this particular pedagogical approach, both the learners as well as the educator become active participant. The primary objective encompasses that learning of a learner should be based on doing subject related activities and hand on experiments. AOL not only enables the learning curve of a learner nearly constant but also increases the abilities of the learners in active participation, ability to analyze, critical thinking, sharing of knowledge, team- work, enhancing problem solving skills, self paced learning, concern about society and environment etc., The present study aims on augmentation of PBL in Civil and Electrical engineering students to extend and enhance the attainment of graduate attributes within the learners. Among many PBL problems implemented, the details of one problem on Mechanical Strength characteristics of concrete for civil engineering learners and Predetermination of various performance characteristics of a single phase transformer electrical engineering learners are analyzed and presented.

2.0 Problem Based Learning (PBL)

PBL is a type of Activity Oriented Learning (AOL) in which the learners sketch a process in finding a solution to the problem given (related with real time application) by utilizing

one or more principles or concepts along with the necessary data processed at the time of their learning. It is a sequential process of teaching and learning in which the educator generates a real time problem and the learners are expected to resolve the given problem with the taught knowledge, skills and attitudes. Also, the learner should possess the additional

required knowledge to resolve the problem, thus evolving as a self paced learner. Remarkable studies on this efficient and novel approach was performed by Tamblyn et al., and they concluded that this particular approach results from the working process towards an effective understanding and finding a relevant solution to the given problem. Despite, the PBL has its emergence in the Law of Education in which the circumstances of court of law is furnished within the classroom for the purpose of simulating the legal platform, Tamblyn et al., coined its first and fore most application in the field of medical sciences[1]. From there onwards, PBL has its emergence in various study areas which includes different engineering and architecture branches [2-6]. The impact of PBL in enhancing different skills like problem solving, self paced and regulated learning capabilities, reasoning abilities along with leadership abilities, cognitive and team skills by considering the various dimensions of learning from college to workplace [7-8]. Further, with the augmentation of PBL in the subject of biology for the school level students, it is observed that the learners have enjoyed during the process of learning by their own pace along with finding the new things apart from the syllabus that is prescribed [9]. It is identified that PBL is more efficient than the conventional teaching learning process in the development of attitudes and perspectives of the educators [10].

The first and foremost approach in any institution is that the educator shall furnish and present an empirical circumstances which replicates the real world outside the education institution, that demands the learners, their handling experience to handle a particular situation, the sort of occupations that gives interest and indulge an activity in day to day life. They enable the pupil to do something, not something to learn and the doing is such a nature so as to demand critical thinking or the intentional connection noting; learning naturally results. The basic idea that lies in PBL is that the fundamental point for learning should a problem, a query or a puzzle which the learner wishes to solve [12].

The basic features included in PBL approach are:
1. Learning should be commenced by a problem
2. Problems depend on compound and real time situations
3. Data required to resolve problem is not given initially, however learners identify and
4. Find and utilize relevant resources and work in permanent groups

In this system of approach the learner become a dynamic facilitator who can change his role as group member, dialogue based facilitator or consultant as per the situation demand.


3. Formulating PBL problems

An efficient problem is the key of PBL and formulating an engineering problem is a challenging task. Basically, problems are categorized into three types: fiction based, authentic based and real time based problems. Despite, real time based problems are hard to find, and if there any, they are critical to adopt directly for academic purposes, because the actual work environment can be modeled easily and simulated. Further, the



real time field problems are highly technical in nature for the learners to visualize and it will be also a challenging task for the educators to transform such problems into a written question format. Henceforth, in general, modification and simplification are very much essential for real time problems to be utilized for the benefit of the classroom teaching and learning process. One efficient way to deal with this practical issue is by formulating the problem which cover the desired learning outcomes and customized to the standards of industry that promote higher order thinking skills, lifelong learning and team building and working skills. Henceforth, formulating the authentic PBL problems is basically a best alternative and is the most preferred technique by the practitioners of the PBL.

The formulation of a PBL problem is a science and art. It needs to create zeal among the learners and motivate them in order to apply the basics of the theory as well as practical they have learnt, that includes zeal for higher qualities of self paced learning and ensure success in finding the appropriate solutions to the given problems. Researchers have concluded that the utilization of the scientific principles in PBL have encouraged and promoted the efficient learning as well as adoption and implementation. Further, the formulation of PBL problems needs a lot of effort which includes a study of practical knowledge which is related with the course and also an efficient communication with the industry experts apart from the aspect of creativity.

The problems of PBL incorporates five basic principles and they are
a. Realistic and Authentic [Pr1]
b. Integrated and Constructive [Pr2]
c. Extend appropriate complexity [Pr3]
d. Promoting self paced and lifelong learning [Pr4]
e. Stimulate critical thinking and meta-cognitive skills [Pr5]
A PBL problem design with reference to engineering contains several stages which require iteration [13].

Stage 1: Emphasizing the intended LO’s

In this stage, the gap between the knowledge and skills within a given problem should not be too large. If the gap is found to be too large to the learners, there is a chance of giving up on the problem by them. If there is any unavoidable condition arises and the gap is too large, it is highly recommendable to fragment the problem into a number of parts by emphasizing the each part with particular outcome before the procurement of final solution.

Stage 2: Recognition of the real time problem

This is a crucial stage in this process and this is the place where the LO’s fit with the work setting and demand. In this stage, the opinions and inputs are very much required from the industry experts, since they are associated with the real time applications of the problems.

Stage 3: Preparation of first draft of the problem

In this stage, the rough or first draft of the problem is prepared which indicates the LO’s acquired via the problem and the workplace demand. The problem can be furnished in the similar format as experienced in the conventional professional practices. However, the best way with reference to this aspect is creating an equivalent situation which arises within the field. Further, it is advisable to indicate the required resources in this aspect and possible approaches may be recommended. The problems can be shared in various forms such as hard bound or software form. The problem should contain objectives and expected outcomes from the learners instead of methods and procedures to resolve the problem.

Stage 4: Rubric Preparation
In this stage, guidelines are prepared such that the learners learning should not go off-track and further, a grading rubric is prepared for the given problem and it should be shared with the learners to show the expected outcomes for the given problem.

Stage 5: Preparation of Worksheet

In this stage, the results of the solved problem are presented. It is advisable to have a fictitious company worksheet to give a feel to the learners of more realistic situation by which the confidence levels of the learners can be significantly enhanced.

Stage 6: Review, Revise and Refine (RRR) Process

In this stage, once the problem is formulated, it requires proper reviewing, revising and refining in order to ensure that it is practically solvable by the learners within the stipulated time period. Before giving the problem to the learners, it is advisable to solve the problem by ourselves for the given time period.

Step 7 : Defining Problem to the Learners

Stages 1-6 are iterative in nature and stage-7 is the final stage in which the problem is given to the learners

4. PBL Problems in Engineering

Formulation of PBL problems for engineering stream is quite challenging and fascinating. PBL concept is utilized for Electronics and Communications Engineering (ECE) Students and reported that the learners learning with PBL is much better than conventional teaching [2]. A problem was formulated for chemical engineering students for control and dynamics and it is observed that the PBL encouraged the learners to learn effectively along with development of skills, knowledge and engineering attributes [3]. Further, a PBL problem is formulated for Civil and Electrical Engineering Students in the field of Structural engineering in order to understand the real time practical knowledge and it is reported that the hybrid model of implementation of conventional as well as PBL in the class room teaching and learning process enhances the knowledge base of the learners along with critical and


independent thinking abilities, problem solving skills that are very much required for the future engineers[14-17].

II
Sub-cycle:4
Mixing of ingredients to	prepare	desired concrete mix in concrete mixer

20 Minutes
Pr1-Pr5

Sub-cycle:5
Testing of fresh properties of concrete like workability and placing the concrete mix in cubes,
cylinders and prisms moulds


90 Minutes
Pr1-Pr5

Sub-cycle:6 Compaction and finishing of concrete filled moulds and queries and discussions in cycle:2


70
Minutes
Pr1-Pr5


III
Sub-cycle:7 Demolding of specimens after 24 hours of curing

120 Minutes
Pr1-Pr5

Sub-cycle:8
Exposing to room temperature
20 Minutes
Pr1-Pr5

Sub-cycle:9 Placing the specimens in waterfor curing process, queries and discussions in cycle:3

40 Minutes Cycle:3 is resumed for 28 days for curing process
Pr1-Pr5

IV
Sub-cycle:10 Specimens taken out from curing and exposed to room temperature

30 Minutes
Pr1-Pr5

Sub-cycle:11 Testing of specimens
for	their
corresponding	test results

60 Minutes
Pr1-Pr5

Sub-cycle:12 Discussions related with the total process, Experiences of Learners and Evaluation of Outcomes

90 Minutes
Pr1-Pr5



The past researches concluded that the PBL implementation can be on a particular topic of an engineering stream and in this study, the implementation experiences of PBL process in two different institutes with reference to civil and electrical engineering domain are presented. The time period of each specific problem is 24 hours for each domain. The PBL problem is formulated for 24 hours of time duration with 04 cycles in a month and designed as 02 months program and each cycle is subdivided into 03 sub-cycles with 03 hours of activity oriented learning. This program is designed for the third year UG students depending on their previous theoretical as well as experimental knowledge. Further, this process is also utilized in the evolution of day to day lab practice of Advanced Concrete Technology lab for Civil and Electrical Machines lab practice for Electrical Students. The problem is formulated in such a way that the LO’s prepared based on the previous cycles. The details of one identified problem “Mechanical Strength Characteristic of Normal grade concrete” for civil engineering domain and “Predetermination of various performance characteristics of a single phase transformer” for electrical engineering domain are presented in table 1. The LO’s are prepared for each cycle in the form of 03 sub-cycles and the final aim of the learners as well as the educators is to achieve the desired and expected outcomes.

Table 1: PBL Problem Details for Civil Engineering Domain

	Cycle
	Problem Statement : Mechanical Strength Characteristic of normal grade concrete
	Time Duration
	PBL
principles [13]

	




I
	Sub-cycle: 1 Identification	of ingredients required
to	prepare	normal strength concrete
	15 Minutes
	Pr1-Pr5

	
	Sub-cycle:2
Mix design process by using Indian Standard Code of practice
IS:10262-2009
	
45 Minutes
	Pr1-Pr5

	
	Sub-cycle:3 Batching of requiredmaterials and initial tests like specific gravity, water absorption, fineness modulus for ingredients and queries and discussions in cycle:1
	
120 Minutes
	Pr1-Pr5






Table 2: PBL Problem details for Electrical Engineering







4.1 Implementation of PBL:
with the total process, Experiences of Learners and
Evaluation of Outcomes



Cycle
Problem Statement : Predetermination of various performance characteristics of a single phase transformer
Time Duration
PBL
principles [13]





I
Sub-cycle: 1 Identification		of equipment (transformer, measuring	meters, rheostats, variac)
15 Minutes
Pr1-Pr5

Sub-cycle:2
Defining	a
transformer, Working principles

45 Minutes
Pr1-Pr5

Sub-cycle:3 Operation of a transformer and
queries and discussions in cycle:1

120 Minutes
Pr1-Pr5


II
Sub-cycle:4
Study on design of a transformer

120 Minutes
Pr1-Pr5

Sub-cycle:5 Identification	of cooling methods of a transformer


30 Minutes
Pr1-Pr5

Sub-cycle:6 Queries and
discussions in cycle:2


30
Minutes
Pr1-Pr5


III
Sub-cycle:7 Mathematical modelling for E.M.F equation of a transformer

120 Minutes
Pr1-Pr5

Sub-cycle:8 Identification of leakages in a transformer
40 Minutes
Pr1-Pr5

Sub-cycle:9 Queries and
discussions in cycle:3

20 Minutes
Pr1-Pr5

IV
Sub-cycle:10
Open Circuit test and Short Circuit Test

90 Minutes
Pr1-Pr5

Sub-cycle:11 Calculation of various parameters from the theoretical	and practical study

60 Minutes
Pr1-Pr5

Sub-cycle:12 Discussions related

30 Minutes
Pr1-Pr5



The PBL concept is introduced to the III B.Tech Civil and Electrical Engineering students by considering two different concepts within their respective domain. The problem is given in the form of presentation explaining the learning objectives of the problem and the expected outcomes of the study along with the given time period. As this problem is based upon laboratory activity, the learners showed keen interest to carry out the problem. The learners are divided into a group of 4 members and the total number of groups is 15 for strength 60 in each domain. They were asked to carry out their problem in three phases and the work flow process is furnished as under.

4.1.1 Work Flow Process:
Phase: 1
In this phase, the learners initially work in group in order to resolve the given problem in which they emphasize and ideate the problem, define the requirements that are needed to resolve the problem and they try to resolve the problem with the help of acquired knowledge.
Phase: 2
In this phase, the learners discuss the problem, identify the requirement for additional and suitable resources, they explore and gain suitable and relevant knowledge and interact with each other to resolve the given problem.
Phase: 3
In this phase, the learners meet again and share the acquired knowledge with one another and have a peer review and they finalizes the solution for the given set of problem.

After getting the desired and expected solution by the learners to the given problem, the students are asked to share their views and feedback on this activity. The feedback is taken from all the learners within the classroom. The feedback from the learners is furnished in Table.3

Table: 8 Feedback and Responses of the learners

	S.No
	Question
	Question Type
	Response and Feedback

	1.
	Do you know
	Closed
	5%, Yes, We

	
	about PBL prior to
	Ended
	have undergone

	
	this activity?
	(Yes/No)
	with this activity

	
	
	
	earlier i.e., in

	
	
	
	schooling level

	
	
	
	95%,No, we

	
	
	
	have not

	
	
	
	undergone with

	
	
	
	this activity

	
	
	
	earlier. It is a

	
	
	
	new concept to

	
	
	
	us




5.0 Conclusions2.
Did the teachers helped during the process of PBL, if there is any dead lock?
Closed Ended (Yes/No)
100%, yes, the teachers helped us in the process of PBL.
3.
Do you experience that the given problems are associated with real time applications?
Closed Ended (Yes/No)
100%, yes, as the given problem isa hybrid model of
laboratory experiment and theory part, we experienced practicality	by this activity
4.
Did you enjoy working individually or group to resolve the given problem?
Closed Ended (Yes/No)
100%, yes, In the early stages of activity, Some of the students did not show interest towards workingin groups, but as the time    passes   by,
they
collaborated
with one another to resolve the problem.
5.
Did the PBL enabled in enhancement of team work and interpersonal skills?
Closed Ended (Yes/No)
100%, yes
6.
Please provide your feed back of PBL activity?
Open Ended (Yes/No)
a. With the help of sub-cycles, we are	able	to understand clearly
the
process	to
resolve	a
problem
b. It was a good experience
c. It can be utilized for other subjects also


Despite, the formulation of PBL problem for engineering streams is quite challenging, but it is interesting. During the formulation of problems, it is found that many real time problems can be formulated and these problems can be formulated with different time periods and with number of sub cycles. The learners also find that the PBL based activity is quite interesting and encouraging. The outcomes of the PBL is encouraging in acquiring the framed graduate attributes which are some what tedious to achieve by traditional teaching and learning process. The learners also reported that with the implementation of this activity, team work and team building skills are enhanced which enabled them in overall development.
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