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Abstract 

Background Study: 

Cloud Computing course employed in various curriculum across colleges in India follow a teacher-centric approach and theoretical 

concepts teaching. This lacks practical skills and real-time project development by students and hence students find it difficult to 

implement and correlate the working in real-time. 

Objectives: 

In an outcome-based education, teaching learning methodology motivates students to learn the concepts and apply on real world 

scenario in developing a project. To enrich the project development skill of the students, a self-study component course was introduced 

in the curriculum named “Cloud Computing” for the under graduate students in the year 2021-2022, where students learn the concept 

and strategies in cloud scenario and developed a project to solve some real-world challenges in cloud. Self-study component introduced 

in the cloud computing course helped the students to learn the CloudSim simulation tool and carry out the project on real world strategies 

in cloud. Even self-study component helped the faculties to review the students based on rubrics and evaluate. The self-study approach 

helped the students to solve the problems with project techniques. 

Methods, results, and conclusions: 

 The plan of activity discussed in the paper gives the students proper planning towards active learning and completion of their projects 

in time. Self-study component introduced in the cloud computing course helped the students to learn the CloudSim simulation tool and 

carry out the project on real world strategies in cloud. Even self-study component helped the faculties to review the students based on 

rubrics and evaluate. The rubrics-based evaluation makes the faculty in charge to evaluate the students impartially. The impact of active 

learning helped the students to concentrate more on the project techniques and concepts rather than learning programming construct. 

The paper demonstrated the effectiveness and students’ reaction of active learning approach before the inclusion of self study component 

and after the inclusion of self-study component for the Cloud Computing course. 
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I. INTRODUCTION 

HE current technology demands the use of Outcome Based Education (OBE) which makes students to focus on outcomes 

rather than performance [1].  In order to incorporate OBE, the courses with the self-study component have been designed in 

the current curriculum to assist the interaction among students and maximize their learning capability with active participation and 

discussion [2][3]. Developing a project on real world challenges through active learning is one of the efficient techniques to 

promote OBE.  The self-study component-based course is designed in the OBE scheme to provide ample time apart from the 

contact hours for the students to learn something new apart from the curriculum and develop projects based on the concepts learned 

[4]. The active learning in the OBE scheme also helps the trainer to review the concepts learnt by the students and evaluate based 

on the rubrics [5]. 

Project Based Learning (PBL) methods helps the students [6][7]: 

 To work in a team, participate effectively as an individual, as a member or team leader. 

 Follow ethical principles and commit to professional ethics and responsibilities. 

 Communicate effectively, write effective reports and design documentation. 

 Understanding of the engineering and management principles. 

 Develop projects in multidisciplinary environments. 

 Ability to engage independently and life-long learning in the broadest context of technological change.  

In this paper, the design and assessment plans for the course “Cloud Computing” is discussed. The inclusion of self-study 

component in the comprehensive course was very challenging to most of the faculties. Furthermore, Cloud computing is a new 

and booming technology. Inclusion of comprehensive course for the Cloud Computing initially was very challenging.  It was a 

continuous journey with regular meetings industry experts, alumni, students, faculties as well before the course started. Department 

of Computer Science & Engineering adopted active learning through projects and evaluate students based on concept learnt, project 

designed and presented. The methodology adopted and plan for the comprehensive course “Cloud Computing” have been discussed 
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in Section 2. The evaluation procedure used to assess student’s active learning through projects has been discussed in Section 3.  

II. METHODOLOGY 

The main objective was to make the students engage in implementation of the project stage by stage during the course. Active 

learning is the integration of learning and doing [8][9]. At the beginning of the semester, the course handling faculty members 

shares the plan of activities among the students to carry out their projects for the course "Cloud Computing". Student’s team of 

size ranging from 3-4 members were formed and choice was given to an individual team to select the project topic initially. The 

topic selected had to be on a real-time challenges in cloud. The main aim of working on real time challenges in cloud is to make 

students exposure towards current challenges in the cloud environment like task scheduling, load balancing among the servers, 

power consumption at the cloud etc and design and develop a project on the same. 

 Meeting were scheduled between the students team and faculties every fortnight where students presented work done till date. 

Based on their presentation, suggestions were given by the facuty incharge. Faculty incharge seriously reviewed suggestions given 

in the previous presentation incorporate and gave them the direction to gohead in desiging a wonderful projects. Reviews given by 

the faculty incharge really helped the students in completing their projects in the right direction and in a timely manner. Also, 

active learing approach enhanced communication and presentation skills of students. During the review process, the peers gave 

additional inputs for further improvements of the project. 

A. Plan of Activity for “Cloud Computing” Course 

Under self-study component of “Cloud Computing” course, students had to carry out a project work of developing a task 

scheduling, load balancing among the servers, comparison on various task scheduling approaches, comparision on various load 

balancing approaches, centralized and distributed scheduling approaches etc. Duing the project tenure, students initailly learnt the 

installation of Eclips, CloudSim tool [10][11], Students understand working environment of CloudSim tool, demonstration of few 

examples in CloudSim tool. They started designing a project on the chosen problem statement using CloudSim tool [12]. The plan 

of activities is shown in Table 1. 

 
TABLE I 

PLAN OF ACTIVITIES FOR SELF-STUDY PROJECT DEVELOPMENT 

Sl. 

No 
Week 

Probable 

Dates 

Activity 

1 

Week-

1 and 
Week-

2 

3rd to 14th 
Oct 2021 

Formation of groups 

Note: Students group of size 3 to 4  

2 
Week-

3 

17th to 

22nd Oct 

2021 

Problem statement selection by each  

group- Review 1 

3 
Week-

4 
24th to 29th 
Oct 2021 

Installation of required software’s  

Eclipse and CloudSim/Cloud Analyst  

into their Laptops systems 

4 
Week-

5 

2nd to 7th 

Nov 2021 

Modification based on reviews from the  

faculty in charge and finalizing the  

problem statement 

5 
Week-

6 

8th to 14th 

Nov 2021 

Analyzing various examples given in the 

simulator 

6 
Week-

7 
16th to 20th 
Nov 2021 

Presentation of analyzed examples by  
each group 

7 

Week-

8, 
Week-

9, 

Week-
10 

23rd Nov to 

11th Dec 
2021 

Implementation of chosen problem  

statement using the simulator 

8 
Week-

11 
13th to 17th 
Dec 2021 

Demonstration of designed part by each  
group-Review 1 

9 
Week-

12 

20th to 24th 

Dec 2021 

Modification based on reviews from the  
faculty in charge and demonstration of  

extended work by each group-Review 2 

10 
Week-

13 

27th Dec to 

2nd Jan 

2022 

Report preparation 

11 
Week-

14 

4th to 6th 

Jan 2022 

Report submission and approval 
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III. COURSE END SURVEY AND RUBRICS FOR PROJECT EVALUATION FOR THE “CLOUD COMPUTING” COURSE 

Table 2 depicts Course Outcomes (CO) designed for the “Cloud Computing” course. CO3 is designed in order to explore Cloud 

simulator and implement a scheduling algorithm for cloud resource sharing scenario. The course outcome for Cloud Computing 

course is designed to achieve the higher-level Program Outcomes (PO) such as PO3, PO9, PO10 and PO12. The CO-PO Mapping 

for Cloud Computing course is depicted in Table 3. 

 

 
TABLE II 

COURSE OUTCOMES FOR “CLOUD COMPUTING” COURSE 

CO1 
Ability to analyze technological concepts of Cloud 

Computing 

CO2 
Ability to analyze technological concepts of Cloud 

Computing 

CO3 

Ability to explore Cloud Simulator and implement a 

scheduling algorithm for cloud resource sharing 
scenario 

 
TABLE III 

CO-PO MAPPING FOR “CLOUD COMPUTING” COURSE 

 
 

The two methods of assessment for computing the CO attainment are direct and indirect were used for Cloud Computing course 

 The direct assessment is computed through Continuous Internal Evaluation (CIE) which includes of Theory Tests, 

Quiz/Alternate Assessment Tool (AAT)/Self Study Component and Laboratory Component.  

 The indirect assessment is done through Course End Survey (CES) which is taken at the end of the semester from the 

students based on the topics learnt in the course. The CES questions are designed to be mapped to the Course Outcomes 

and also CES rubrics are framed for evaluation of the indirect assessment [13][14] as shown in the Table 4. 

 

 

 
TABLE IV 

 

COURSE END SURVEY RUBRICS FOR “CLOUD COMPUTING” COURSE 
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IV. COMPARISON ON WITH SELF-STUDY COMPONENT AND WITHOUT SELF-STUDY COMPONENT FOR “CLOUD 

COMPUTING” COURSE 

The results of Course End Survey in terms of percentage is illustrated in Table 5. Figure 1 shows the comparison on course end 

survey results (in %) for “Cloud Computing” course before inclusion of self-study component and after the inclusion of self-study 

component. Figure 1 illustrates students’ appreciation in inclusion of self-study component in the course and development of a 

project through active learning approach.  Figure 2 and Figure 3 shows pie chart of Course End Survey for “cloud computing” 

course before inclusion of self-study component and after the inclusion of self-study component. From the course end survey result, 

it is evident that most of the students have given an “Excellent” rating which reflects that self-study approach is an efficient method 

of teaching pedagogy. 

The skills of the student were depicted all through the phases of the project implementation such as planning, designing, 

implementing and presentation.  In order to achieve Program Outcomes: PO3, PO9, PO10 and PO12 such as designing, 

participation in the team, communication and presentation as well as lifelong learning was introduced as part of self-study. 

 
TABLE V 

COURSE END SURVEY RESULTS (IN %) FOR “CLOUD COMPUTING” COURSE 

 

Before Inclusion of 

Self Study 

Component in % 

After Inclusion of Self 
Study Component in % 

Excellent 48.5 68.8 

Good 49.7 28.9 

Average 0 0 
Poor 1.8 2.1 
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Fig. 1.  Course end survey results (in %) for “cloud computing” course 

 

 

 
Fig. 2.  Course end survey results (in pie chart) for “cloud computing” course before inclusion of self study component 

 
 

 
Fig. 3.  Course end survey results (in pie chart) for “cloud computing” course after inclusion of self study component 

 

V. COMPARISON ON WITH SELF-STUDY COMPONENT AND WITHOUT SELF-STUDY COMPONENT FOR “CLOUD 

COMPUTING”  

The challenges faced during implementation of self-study component through projects for Cloud Computing course are: 

 Understanding CloudSim simulation tool and various modules within it 

 Survey on various current task scheduling and load balancing techniques and Identification of the problem statement.  

 Initially, student found this approach very hectic but based on timely guidance by faculty in charge they were able to 

accept the new approach of active learning. 

 Timely review and guidance to the entire project groups in a class. 
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VI. CONCLUSION 

This paper discussed the design and assessment plans towards implementation of active learning for "Cloud Computing" course 

for undergraduate students. The plan of activity discussed above gave the students proper planning towards active learning and 

completion of their projects in time. Self-study component introduced in the cloud computing course helped the students to learn 

the CloudSim simulation tool and carry out the project on real world strategies in cloud. Even self-study component helped the 

faculties to review the students based on rubrics and evaluate. The rubrics-based evaluation makes the faculty in charge to evaluate 

the students impartially. The impact of active learning helped the students to concentrate more on the project techniques and 

concepts rather than learning programming construct. The paper demonstrated the effectiveness and students’ reaction of active 

learning approach before the inclusion of self study component and after the inclusion of self-study component for the Cloud 

Computing course. 
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