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Abstract—Build layer of OBEE architecture forms an 

innovative way to towards development of course outcomes from 

lesson outcomes [4]. The process of development of course 

outcomes is crucial and time-consuming without appropriate 

guidance and support. This paper, therefore, provides guidelines 

/rules towards the development of outcomes according to the OBEE 

architecture. The paper also suggests a sample Course outcomes 

taking one engineering course as a case study. The phenomenon of 

making course outcome is based on a SMART approach. The 

process also suggests that we should involve industry domain 

experts and Alumni students which give a proper academic and 

practically oriented shape to the documented course outcomes. As a 

result, the entire OBEE process becomes smoother and functional 

in the entire semester. The above research is validated by 

implementing the revised methodology in the course Data 

Structures and Algorithms (DSA). The research outperforms the in 
results by Course Outcome attainment analysis.  

Keywords—Course Outcomes, CO, OBEE, SMART 

I.  INTRODUCTION  

 According to Alfie Kohn, Learning is something students 
do, NOT something done to students [1]. Teaching-learning 
pedagogy is an essential aspect of the current education 
system. With the current trend of a student, it is very important 
to define the course outcome before the actual delivery of a 
course. According to the guidelines defined in previous 
research [4], the current paper is based on OBEE architecture. 
As per the research it has 5 layer, where the first layer is build 
layer. This implements the course outcomes of a particular 
course.  

 There is research happened on how to make innovative 
course outcomes which are cited in [12, 13, 14, 15, 16, 17]. 
The structured course outcomes help to shape teaching-
learning shape properly. It also helps the instructor to define 
assessment tools that are suitable for the course.  

 The Outcome-Based Education (OBE) defines the course 
outcomes based on blooms taxonomy. It has some action 
words according to some level. There are majorly five levels 
viz. remember, understand, apply, analyze, evaluate and 
create. Remember is very basic and level 1 taxonomy whereas 
create is level 5 and highest taxonomy of bloom.  
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 There are certain problems of course outcomes through 
several kinds of the research cited in [18, 19, and 20]. The 
current method is adopting the S.M.A.R.T. approach to 
making course outcomes through three meets. The 
involvement of stakeholders like teachers, domain experts, 
industrialist, alumni students helps to make course outcome 
more fruitful.  

The details of the three meets are as follows. 
 

 In the 1st meet, the course teacher makes a list out all 
the lesson outcomes. Lesson outcome should be equal 
to the number of the chapter in that course. 

 In the 2nd meet, an expert should be included where the 
discussion should be done on the CO developed by the 
course teacher. The domain expert will evaluate the CO 
whether they are developed as per the S.M.A.R.T 
approach which is explained in further sections of this 
paper.  

 In the 3rd meet, expert meets the Industrial professional 
and they will together discuss the course outcome 
whether they are meeting the industrial needs. An 
industry expert will check whether the CO's which are 
developed are more practical and application oriented. 

The finalized course outcomes are then subjected to 
attainment which is a regular requirement of most of the 
national/international accreditation process [21, 22, 23, and 
24]. The results show the revised course attainment analysis 
through various assessment tools that are used in the course.  

For the results, Data Structure and Algorithm (DSA) 
course is taken into consideration. DSA is the course for the 
MBA in Technology Management Program at School of 
Engineering, NMIMS University. The strength capacity of the 
students is 60. The suggested methodology outperforms 
through various assessment tools which are defined in section 
V.  

II. EXISTING SYSTEM  

There are many approaches to the development of the 

course outcome. Few of them are listed  

A. Random Approach  

In this method, an academic committee of faculties is 

assigned for the development of course outcomes irrespective 

of the individual's area of interest. As the faculty committee 

may/may not the domain expert, developed CO will not be 

useful and functional. The problem associated with the casual 

approach is that the CO's which are designed by the committee 

may/may not be developed in a group. In general case, it 
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happens that the development of a few subject outcomes is 

assigned to an individual. Based on his/her best knowledge, 

the Cos is developed which may not be effective in every case. 

The committee also sticks to the syllabus/curriculum defined 

by institute /university. In such case, if a program is not proper 

then the CO's which are developed for the particulate subject 
may not be appropriate or functional to assess the knowledge 

of a student.  

"Engineering and Technology are two of the most relevant 

fields in any modern society because engineered products and 

smart systems advance the quality of life and the welfare of 

people. Thus, providing quality education to the next 

generation of engineers will enable employability and 

contribution to the nation's development [2]. Engineering CO's 

are developed to impart Engineering knowledge. It means that 

CO which are generated for a particular subject must have a 

taste of Industrial Experiences and practices. The CO should 

directly reflect the application /contribution of engineering 
subject towards the industry. Due to Time constraints, 

academic pressure and wrongly designed curriculum the CO 

may be incorrectly designed. 

B. Blooms Taxonomy [10, 11] 

In 1956, Benjamin Bloom published a for categorizing 
educational goals: Taxonomy of Educational Objectives [3]. 

Bloom's taxonomy is widely used in many recognized 

university for the development of Course Outcomes.  

The entire framework has 6 pillars:  Knowledge, 

Comprehension, Application, Analysis, Synthesis, and 

Evaluation. The categories after Knowledge were presented as 

“skills and abilities,” with the understanding that knowledge 

was the necessary precondition for putting these skills and 

abilities into practice [3] 

In this approach, the sample lesson outcomes are 

formed by individual faculty (preferably from the domain 

expert). More than 2 lesson outcomes are combined for the 
development of individual course outcome. The problem 

associated with the system is that blooms taxonomy does not 

give guidelines for industry-academic relations.  Many of 

faculty sometimes are not adhere to the blooms taxonomy.  

The blooms taxonomy also sticks to the traditional keywords. 

The poorly designed syllabus does not match with any of the 

keywords. Faculty do not have knowledge of blooms 

taxonomy its working and methodology.  

 
Fig. 1. Blooms Taxonomy Triangle 
 

III. METHODOLOGY  

In this section, we are going to discuss the development of 
the Course outcome based on the Build Layer of the Outcome 
Based Engineering Education (OBEE) Architecture[4].  

In this section, we are going to discuss the innovative 
approach of designing course outcomes based on Build Layer 
of Outcome-Based Engineering Education (OBEE) 
Architecture [4]. 

A. Build a layer of OBEE  

Build layer is used for the development of the course 
outcome for all the courses based on the lesson outcomes. 
Lesson outcomes will be equivalent to the number of a chapter 
that course comprised of and based on that we can develop 
Course Outcome using S.M.A.R.T approach. S.M.A.R.T 
approach uses the team for the development of Course 
Outcome. The team consists of Course teacher, Course Expert, 
Alumni, and Industry person. 

B. Course Teacher  

Course teacher is the properly authorized individual to 
design CO for his/her course as he/she may be teaching that 
particular course/subject for multiple so he/she can design CO 
which are effective and attainable theoretically as well as 
practically. Initially, develop a lesson outcome of every 
chapter in that course and based on that CO can be developed. 
2 or 3 lesson outcome can be clubbed together to form one 
course outcome depending on the detailing of the individual 
chapters. A meeting should be conducted with the other 
faculties/teacher teaching the same subject in the different 
division or had taught the particular subject in the previous 
academic year. Based on the discussion we can again 
modify/reconstruct the CO. 

After the reconstruction of the course, outcome finalizes 
and inform students who are going to study that course.  
 

After reframing of course outcomes finalize it and convey 
to the students in the very first lecture about the same.   

C. Alumni  

Alumni are a group of students who are graduated and 

working In INDUSTRY or in the Education sector. Alumni are 

assets to any institution.  
Alumni are the students who had already passed out and 

working in the IT industry or any teaching firm. They are the 
one who had already studied this particular course so they can 
share their problems which they had faced while attaining CO 
of the respective course. Their feedback should be taken into 
consideration so that the students who will study that 
particular course/subject should not face the same problem. 
Their feedback also helps School/colleges to develop CO 
which are feasible and achievable for faculties as well as for 
students.
 

D. Subject Expert  

Subject expert is the person who had been teaching this 
particular subject since 5 or more years. The subject expert 
takes all the points into consideration which are given by 
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course teacher and alumni for the development of CO. He is 
the expertise of that course so he may know the difficulties 
which students might face while studying the course. So he 
will segregate everything and develop Course Outcome which 
will be feasible to attain for course teacher as well as students. 

E. Industry Professional:  

Gives the proper guidelines in the development of the CO 
as per the current industrial trend. He will ensure that 
application oriented things are included so that it will be 
beneficial for the students to understand real-time application 
for what they are studying. CO should be equally balanced 
theoretically as well as a practice which meets the current IT 
trend and it should also include the usage of latest tools and 
technologies.
 

The panel will finalize the course objectives/outcomes 
using S.M.A.R.T [5] approach. The development of course 
objective outcomes is a pre-semester activity. It means that it 
should commence before the actual course begins. There must 
be at least 3 minutes of the meeting which has to be conducted 
by the course teacher. The actions are listed below: 

Using S.M.A.R.T.[5] approach panel can finalize the 
outcomes for courses. Course outcome development is an 
activity which needs to be done prior semester commences. 3 
Meetings should be conducted by the course teacher. The 
action is listed below:  

 1st Meet: 

Course teacher should list out all the lesson outcomes. 
Lesson outcome should be equal to the number of the chapter 
in that course. All the subtopics must be properly described in 
the lesson outcome. Depending on the depth of the individual 
chapters and weight age the CO must be developed. Segregate 
2 or more lesson outcomes together to form a Single CO but 
while segregating make ensure that chapters are interrelated or 
have some continuity. After designing CO for the particular 
Course conduct the meeting with the other course teacher who 
is teaching that subject for another division and then both the 
course teacher should be ready with the COURSE 
OUTCOME for their course before the second meet. 

 2nd Meet: 

In this meet domain, an expert should be included where 
the discussion should be done on the CO developed by the 
course teacher. The domain expert will evaluate the CO 
whether they are developed as per the S.M.A.R.T approach. 
He/she may/may not modify the CO as per his/her experience. 
Meeting with the domain expert is beneficial because they will 
verify that CO's are developed as per Bloom's taxonomy. 
 

 3rd Meet; 

In this meet domain, expert meets the Industrial 
professional and they will together discuss the COURSE 
OUTCOME whether they are meeting the industrial needs. An 
industry expert will check whether the CO's which are 
developed are more practical and application oriented. In this 
meet the feedback given from the alumni will also be taken 
into consideration because they are the one who had already 

studied that particular course and they might have suggested 
something which needs to be given priority while developing 
CO. COURSE OUTCOME will be finalized in this meeting 
with the help of inputs given from industry expert, alumni, 
domain expert, and Course teacher. So the final COURSE 
OUTCOME which will be developed will be S.M.A.R.T. 

S.M.A.R.T stands for (Specific Measurable Achievable 
Realistic Time Bound) 

 Specific: 

Every CO must be specific and crisp. After reading that 
CO individual should be able to understand that it’s mapped to 
which chapters of that particular course. It must be simple so 
that students also understand whatever they are studying are 
related to which course outcomes. It will be easier for the 
course teacher to attain the CO practically as well 
theoretically. 

 Measurable 

The CO which is developed must be measurable using the 
various assessment tool. It is always a good practice if a 
course teacher decides assessment tools prior to content 
delivery. After the completion of a particular course, outcome 
faculty should be able to assess students. Ultimately students 
are the one whom we are going to measure whether they 
passed or failed in that particular CO. So CO shouldn't be 
vague that it cannot be measured so such CO statements will 
be meaningless. 

 Achievable and Realistic  

The course outcome which is developed should be 
achievable within specific constraints of a course. Sometimes 
it happens that a particular topic of a course consumes a lot of 
time with respect to its delivery and assessment. 

Understanding, assessing and evaluating. Such kind of 
course outcome may be difficult to achieve. Therefore it's 
always the good practice if we divide particular course 
outcomes into more outcomes. 

 Timely bound  

Specific time bound should be given to each course 
outcome. We must not design such course objective/outcome 
which consumes a lot of time to understand, assess and 
evaluate. Course outcomes should not be designed in such a 
way which consumes time in the evaluation process. Proper 
development of the timeline chart for completion of course 
outcome with its assessment is the solution to achieve this 
criterion [4]. TimeLine chart is the solution to achieve this 
criterion. 

As stated, we need to assess the course outcomes that we 
have designed. We need to prepare the S.M.A.R.T table 
(Table I) [ ref PC] and should be distributed to the panel in the 
3rd meet. The S.M.A.R.T table needs to be prepared and 
circulated among the panel member in the 3rd meet. Consider 
the course outcomes that you have developed (limit the 
outcomes to maximum 4 to 5). List your outcomes in a table 
similar to the one below and rank if your targets meet the 
requirements of each parameter of S.M.A.R.T outcomes. The 
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rank should be from minimum 1 to 5 where 5 is excellently 
designed,4 Good, 3- Average 2- below a threshold, 1 - poor. 
Each member of the panel must be given a SMART table 
sheet. For each course outcome, the average rank given by all 
members should be above 3. We must record this figure as we 
need this rank later on in the feedback layer of OBEE 
model.
 

TABLE I.  SAMPLE SMART TABLE  

Course 

Outcomes 

Specific  Measurable  Achievable  Realistic  Time 

Bound  

CO1      

CO2      

CO3      

CO4      

CO5      

 

IV. RESULTS  

We are considering the course Data Structures & 
Algorithms as a case study. The total duration of completion, 
of course, is 45 hours. The detailed syllabus is shown in fig1 
below. There are total 8 units out of which unit 1, 3, 4 belongs 
to a sub-course data structure and unit 2,5,6,7,8 belongs to an 
analysis of the algorithm. 

 

 

Fig. 2. Syllabus of Data Structure & algorithms 

According to the suggested research, the minutes of 
meetings(3 meetings) are conducted. The inputs from alumni 
and Industry expert are recorded. The details of individual 
minutes of the meeting are given in the table below. 

TABLE II.  MINUTES OF MEETINGS FOR CO-DEVELOPMENT  

Meet  Involved 

Users  

Minutes of meeting 

I Course 

Teacher/s  

Domain Expert 

Developed 9 lesson outcomes  

 Study and  Implement Applications of 

Linear Data Structures like stack, queue 

and linked list   

 Study and Implement Applications of non 

-Linear Data Structures like trees and 

graph  

 Learn basic concepts of analysis of 

algorithm  

 Analyze and Differentiate between 

searching techniques with respect to 

efficiency  

 Analyze and Differentiate between sorting 

techniques with respect to efficiency  

 Analyze and Implement Divide and 

Conquer strategy algorithms 

 Study different methods of greedy 

technique 

 Study different methods of dynamic 

programming 

 Study different methods of backtracking 

Mapping of lesson outcomes with the course 

outcomes  

 Study and  Implement Applications of 

Linear and non-linear Data Structures and 

differentiate among them. ( mapped with 

L1 and L2 )
 

 Analyze and Differentiate between 

searching and sorting techniques with 

respect to efficiency (L4 and L5) 

 Learn basic concepts of analysis of 

algorithm (L3) 

 Analyze and Implement Divide and 

Conquer strategy algorithms (L6) 

 Study different methods of greedy, 

dynamic and backtracking techniques (L7, 

L8, and L9)
 

II Course 

Teacher/s  

Domain Expert 

Alumni  

 

- The problem with the algorithmic 

strategies is that students were not able to 

differentiate among all the strategies which 

they learned. we have got feedback from 

the alumni students about the same.  

-  In order to improve the previous course 

outcomes, there must be a refinement of 

Course Outcomes with the consideration 

of suggestion given by alumni. The list of 

CO is given below.  

 Study and  Implement Applications of 

Linear and nonlinear Data Structures and 

differentiate among them. ( mapped with 

L1 and L2 ) 

 Analyze and Differentiate between 

searching and sorting techniques with 

respect to efficiency (L4 and L5)
 

 Learn basic concepts of analysis of 

algorithm (L3) 

 Analyze and Implement Divide and 

Conquer strategy algorithms (L6) 

 Compare and Contrast different methods 

of greedy, dynamic and backtracking 

techniques (L7, L8, and L9) 
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III Course 

Teacher/s  

Domain Expert 

Alumni  

Industry 

Expert 

- The course outcomes which are formed 

does not explain the contribution of a 

subject in the industry. students may not 

able to map the chapters and their 

application in industry point of view.  

- The revised CO with the suggestion of 

Industry Expert is given below:  

 Classify Linear and non-linear Data 

Structures and Implement its applications 

 Analyze and Differentiate between 

searching and sorting techniques with 

respect to efficiency  

 Discuss Complexity Theory for analysis of 

algorithm  

 Compare and Contrast different algorithm 

design strategies   

 Formulate a problem and Develop an 

algorithmic strategy for a case study. 

- SMART table sheet is distributed among 

all the members of the panel. The course 

outcomes are tested according to SMART 

guidelines.  

 

V. RESULTS AND DISCUSSIONS  

In order to provide fruitful evidence, we have documented 
the assessment of individuals after reframing the course 
outcomes according to the SMART approach. The assessment 
methods are as follows: 

 Term Tests – Total three term test of 15 marks each is 
taken. Third term test is considered as an improvement 
test over the first two tests.
 

 Laboratory works - Total 10 experiments are taken in 
the entire duration of course work. Each experiment 
maps with the corresponding CO’s for attainment 
calculation later on.  

 Assignments- written assignments are purely analytical 
and case study based. Minimum 2 assignments are 
taken from each student.  

 Practical Exam – Practical exam is taken in order to 
check the practical knowledge of the subject.  

All the assessment tools are considered as compulsory for all 
the students. Table III, IV, V. VI has given course outcome 
attainment [6,7,8,9].  

TABLE III.  COURSE OUTCOME ATTAINMENT OF TERM TEST I, II, III 

(CONSOLIDATED)
 

Course Outcomes  CO 1 CO 2 CO 3 CO 4 CO 5 

Total Number of 

Student Appeared for 

exam  

68 

Total Number of 

Students passed the 

exam ( 60% 

attainment level)  

47 57 61 58 55 

% of Attainment  69.11 83.82 89.70 85.29 80.88 

 

TABLE IV.  COURSE OUTCOME ATTAINMENT THROUGH ASSIGNMENTS 
 

Course Outcomes  CO 1 CO 2 CO 3 CO 4 CO 5 

Assignment  I II 

Total Number of 

Student Appeared for 

exam  

68 

Total Number of 

Students passed the 

exam ( 60% 

attainment level)  

31 51 57 57 61 

% of Attainment  45.58 75.00 83.82 83.82 89.70 
 

TABLE V.  COURSE OUTCOME ATTAINMENT THROUGH LABORATORY 

WORK 

Course Outcomes  CO 1 CO 2 CO 3 CO 4 CO 5 

Total Number of 

Student Appeared for 

Lab work 

68 

Total Number of 

Students passed the 

exam ( 60% 

attainment level)  

57 56 61 64 50 

% of Attainment  83.82 82.35 89.70 94.11 73.52 
 

TABLE VI.  COURSE ATTAINMENT THROUGH LABORATORY EXAM 

Course Outcomes  CO 1 CO 2 CO 3 CO 4 CO 5 

Total Number of 

Student Appeared for 

exam  

68 

Total Number of 

Students passed the 

exam ( 60% 

attainment level)  

41 48 46 51 54 

% of Attainment  60.29 70.58 67.64 75.00 79.41 
 

TABLE VII.  COURSE ATTAINMENT THOUGH COURSE EXIT SURVEY 
 

Course Outcomes  CO 1 CO 2 CO 3 CO 4 CO 5 

Total Number of 

students participated 

in the online course 

exit survey 
 

68 

Total Number of 

Students who have 

given 3 and 4 rating 

out 4 
 

57 51 50 58 61 

% of Attainment  83.82 75.00 73.52 85.29 89.70 

 The consolidated Course Outcome attainment through 
various assessment level is calculated from table III, IV, V, VI 
and is tabulated in Table VIII 

 

 

TABLE VIII.  CONSOLIDATED CO ATTAINMENT FOR DSA COURSE. 

Course Outcomes  CO 1 CO 2 CO 3 CO 4 CO 5 

Term Test 69.11 83.82 89.70 85.29 80.88 

Assignments 45.58 75.00 83.82 83.82 89.70 

Laboratory Work 83.82 82.35 89.70 94.11 73.52 

Laboratory Exam 60.29 70.58 67.64 75.00 79.41 

Course Exit Survey 83.82 75.00 73.52 85.29 89.70 

Average CO 

Attainment  

68.52 77.35 80.97 84.70 82.64 
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Fig. 3. Course Attainment Analysis – Data Structures and Algorithms

 

VI. CONCLUSION   

 The existing system of developing course outcome was 
the unstructured process. The current system involves domain 
expert who structures the course outcomes developed by the 
course teacher. The system also involves alumni to add 
experience in learning the course. Industry professional shapes 
the outcomes according to industry trends. The research also 
focuses on the SMART approach for developing course 
outcome which ensures that the developed CO are Specific, 
Measurable, Achievable, Realistic and Time-bound.  
 

The future scope of this system may include the use of 
technology while developing the course outcomes. The use of 
an artificial intelligence algorithm may use to create Course 
Outcomes. An automated system of developing course 
outcomes may be fruitful which has less interference of 
human. 
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