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Abstract : Outcome-Based Education (OBE)
worldwide plays a pivotal role in enhancing academic
standards by equipping students with problem-
solving skills. To effectively assess the quality of
education, it is essential to intricately map courses
with specific program objectives (POs). The AICTE
introduced a comprehensive exam reform policy in
2018, aiming to enhance assessment methodologies.
This innovative approach involves categorizing each
Program Outcome (PO) into distinct competencies
and subsequently breaking down each competency
into a specific number of performance indicators.
This innovation enables a more nuanced evaluation of
educational outcomes. In this context, a developed
metric proves instrumental in aligning the data
structure course with relevant performance indicators
(PIs). This systematic mapping ensures that
educational programs align with desired outcomes,
fostering a dynamic and responsive learning
environment conducive to addressing complex
challenges.
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1. Introduction

Outcome-Based Education (OBE) is an
educational approach that emphasizes what students
should know and be able to do as a result of their
educational experience. This method is designed to
promote a more student-centered, goal-oriented, and
holistic approach to education.

OBE focuses on student learning outcomes or the
skills, knowledge, and attitudes that students should
have gained from their education (Gundalia & Manoj,
2022). The predetermined learning outcomes guide
curriculum which consists of courses. The
development of skills in critical thinking and
problem-solving is emphasized by OBE, as is student
engagement and active learning. OBE is frequently
compared to traditional education systems, which
place more of an emphasis on curriculum coverage
than on student learning outcomes. OBE is regarded
as a more adaptable and flexible approach to
education and is implemented in a variety of ways in
various educational establishments. In the United
States, William Spady Spady (Spady, William, 1994)
proposed the idea of outcome-based education in the
late 1970s and early 1980s. He has written a number of
books and articles about OBE, one of which is titled
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"Outcome-Based Education: "Designing and
Implementing Outcome-Based Education" and
"Critical Issues and Answers" (1994).Since June 13,
2014, the National Board of Accreditation (NBA) has
recognized India as a permanent signatory, making it
an official member of the Washington Agreement. The
OBE was adopted by the All India Council for
Technical Education (AICTE), a statutory body in
India, to prepare engineering graduates for greater
global mobility and acceptance (Ramchandra et al.,
2014) . In India national educational policy (NEP)
2019 requires that programs and institutions should be
accredited by 2022.

The exit learning outcomes that students should
exhibit at the programs or course’s conclusion serve as
the basis for curriculum decisions in outcome-based
education. (Dayananda et al., 2020). There are four
levels of outcome-based education.

a. Program educational objectives: PEOs are broad
statements that describe the professional and
career activities for which the program is
preparing graduates four to five years after
graduation.

b. Program outcomes: Statements referred to as POs
describe the expected abilities of engineering
program graduates upon graduation.

c. Program-specific outcomes: PSOs are statements
that state what a particular engineering program's
graduates should be able to do upon graduation.

d. Course outcomes: Statements called COs to
describe the tasks that students should be able to
complete atthe end of a course.

The architecture of outcome-based education is
shown in figure no.1. The framework of OBE consists
of different components.

Firstly the vision of the institute should be clearly
defined which leads to the mission of the institute. The
committee should frame the program’s educational
objectives. The program’s educational objectives are
the most important component of OBE, these are
aligned with the overall mission and vision of the
institution or universities. Program’s educational
objectives should be properly framed. Now after
PEOs the PSOs will come.

The departmental academic planning committee
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(DAPC) should frame the program-specific
outcomes. PSOs are used to evaluate and improve the
quality of a program by providing a clear and
measurable way to determine if a program is
effectively preparing its students for their chosen
career paths. PSOs are used to ensure that program
graduates have the competencies and qualifications
needed to succeed in their chosen profession.

The national board of accreditation has already
suggested twelve program outcomes, which are
common to all engineering branches. In the next
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Fig. 1: OBE architecture

component, the curriculum will come, in which each
course is defined with course outcomes.

2. Literature Review

Several methods are used to calculate course
outcomes and program outcomes.

(Hakan and Gurocak 2008) in their paper
proposed direct measurement method in which scale
from 1-to-5 for every course outcome is used.

(Turkmen et al. 2010) suggested two weighted
parameters that emphasize the significance of each
outcome's emphasis level and the amount of time
spentonit.
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Biney (Biney et al. 2005) in their paper focus on
the critical analysis of every course in the program to
determine which ones are intended to give students the
most instruction and experience in the innumerable
program outcomes. This enables the program to
effectively identify specific courses that may be used
to improve students' understanding of the several
outcomes, allowing for the teaching of a small number
of outcomes in each course and the direct evaluation
of students' performance in these outcomes at the
course level.

(Terang et al. 2015) shows the methodology to
calculate program outcomes and course outcomes so
that the weak students of the Electromechanical
Energy Conversion Il can find out. In this paper author
memon (Memon et al. 2009) describes the program
assessment method along with the component tools.
This paper shows how knowledge levels are measured
with the help of software program applications.

Nikita and arijit (Nikita and Arijit 2021) proposed
software for calculating course attainment to replace
manual labor and errors can be reduced. In this way, a
proper record can be maintained. Similarly, literature
(Rajak et al., 2018; Pavani et al., 2020) shows the
attainment of course outcomes as well as program
outcomes.

3. Methodology

Program educational objectives, program
outcomes, program-specific outcomes and course
outcomes are the main key components of OBE.
During the curriculum designing of the courses Cos
are provided in the syllabus, if not provided then
teachers are required to frame the Cos. So before
calculating the program attainment, course outcomes
should be calculated

A. Course Outcomes

Students learn best when they know what they
should be able to do by the end of a course. CO should
be measurable, CO statement starts with an action
verb from one of the cognitive levels, and
occasionally by two action verbs from two bloom
levels (Tiemeieretal.,2011).

The action verb enables you to tag a CO with a
bloom levels. We can use the acronyms Like R-
Remember, U-Understand, Ap-Apply, An-Analyse,
Ev-Evaluate and Cr-Create.

B. Program Outcomes
The national board of accreditation has already
defined the program outcome which is twelve in
number.

1. Engineering knowledge

2. Problem analyses

3. Design/development of solutions

4. Conductinvestigations of complex problems

5. Moderntool usage

6. Theengineerand society

7. Environment and sustainability

8. Ethics

9. Individual and teamwork

10. Communication

11. Project management and finance

12. Life-long learning
C. Course Attainment Flowchart

Course attainment is divided into direct and
indirect components. Direct attainment includes both
internal and external assessments. Internal
assessments consist of midterm exams, assignments,
ABCAs, and quizzes, while the external component
comprises end-semester examinations. On the other
hand, course exit surveys are categorized as part of
indirect attainment, as illustrated in Figure 2. In this
framework, twenty percent of the total weight is
allocated to indirect attainment, while eighty percent
is allocated to direct attainment. According to the
university curriculum, seventy percent of the weight is
given to the external component, and thirty percent to
the internal component.

Total Attainment=0.8 * DA+0.2 *TA

Where DA stands for direct attainment and IA for
indirect attainment.

Here in table no.1 the course outcome of data
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Table 1 : Course Name: C203 (Data Structure)
Year of Study: 2020-21

C203.1 Ability to define, and understand concepts of
’ different categories of data structures.

Identify different parameters to analyze the
C203.2 ;

performance of an algorithm.

Design algorithms to perform operations with
C203.3 . .

linear and nonlinear data structures

Compare and contrast different implementations
C2034

of data structures.

Apply appropriate data structure to solve and
C203.5 |- . )

implement various real-time problems.

structure is defined. For framing the course outcome,
the action verbs are taken. Now after considering the
course outcome our next target is to map these course
outcomes with the program outcomes.

D. Course Outcome mapping with Program Outcome

In the above part course outcomes are properly
framed, now in the next part these course outcomes
should be mapped with program outcomes. Mapping
of COs with POs should follow Exam Reform Policy
2018 provided by AICTE (Exam Reform Policy
2018). According to exam reform policy, each
program outcome is divided into N no. of
competencies and each competency is subdivided into
Nno. of performance indicators.

As shown in figure no.3 program outcome one is
divided into three competencies and the first
competency is divided into three performance
indicators similarly the second competency is divided
into two performance indicators and the third
competency is divided into three performance
indicators.
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Fig. 3: PO-Competencies-Performance Indicators

The course’s midterm papers, assignments,
activities, and quizzes should be framed with
performance indicators according to program
outcomes. There are five performance indicators that
are present in PO1, fourteen in PO2, fourteen in PO3,
eight in PO4, six in POS5, two in POG6, four in PO7,
three in POS8, seven in PO9, seven in PO10, five in
PO11, six in PO12. Before calculating the strength of
the CO-PO mapping matrix we need to map all the
questions with performance indicators. For this, an
excel sheet is prepared which is used for mapping
questions with performance indicators shown in the
appendix.

4. Metrics And Calculations

Course outcomes will be mapped with program
outcomes with the help of competencies and
performance indicators. In the course attainment
process two methods are discussed, direct and
indirect. Direct method is measured with the help of
internal as well as external tool.

There are six learning levels according to bloom’s
taxonomy framework shown in below figure no. 4.
The first three learning levels; remembering,
understanding and applying and to some extent
analyzing are used for fixed-hour examinations like
midterms, end-semester exams, quizzes, etc. whereas
the remaining learning level; analyzing, evaluating
and creating are assessed through activities with no
time limit, minor and major projects .
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Fig. 4: Learning Bloom’s Taxonomy Framework

Midterm, assignments, activities and quiz
questions are framed according to these learning
levels of bloom taxonomy. So while framing
questions three points to be keep in mind.

a. Each questions should be mapped with a particular
course outcome.

b. While framing questions action verbs should be
included.

c. Bloom’s learning level should be kept in mind
while framing questions.

For mapping questions with program outcome one
should properly go through the competencies of each
program outcome and within a competencies he/she
should go through the performance indicators for
better understanding of'a program outcome.

In figure no. 5 and figure no. 6 program outcomes
PO1 and PO2 are discussed respectively. PO1 consists
of four competencies and five performance indicators
(PIs). Similarly, PO2 consists of four competencies
and fourteen performance indicators. Now those
questions according to specific COs that are mapping
to particular PIs should be marked with ‘YES’ as
shown in figure no.5. Now according to the course’s
instructor understanding all questions will be mapped
with the specific PIs. Similarly, all the questions will
be mapped with all the Pls.

Table no.2 shows the total mapped course
outcomes with program outcomes. Whereas in table
no.3 TPIs represents total performance indicators,

MPIs represent mapped performance indicators and
MS represents mapping strength. The mapping
strength is calculated by using the below formula

MS = (MPIs/TPIs) * 100

If the percentage is in between 0 to 33 then MS
value will be one. If the percentage is in between 34 to
66 then the MS value will be 2. If the percentage is in
between 67 to 100 then the MS value will be 3. These
values shows the strength of the matrix. One shows
the low strength, two shows the moderate strength and
three shows the high strength.

For achieving high strength, the proper mapping of
the questions with performance indicators is needed.
So before mapping one should know the program
outcome and it’s competencies with performance
indicators very well.

5. Conclusion

In the present work, CO-PO mapping strength is
calculated by using a metric in which questions of
midterm, assignments, Quiz, and ABCA (Activity
based continuous assessment) are mapped with the
performance indicators. Program outcomes are
divided into competencies and each competency is
divided into n no. of performance indicators. Each
performance indicator shows a clear view of program
outcomes. So questions, which are framed using the
action verbs and bloom taxonomy, should be properly
mapped with the performance indicators. After
mapping, the strength is calculated.

The main objective of this work is to increase the
strength of the mapping and the strength can only be
increased if we properly map questions with n no. of
performance indicators. So this work helps in
assessing the increased strength of the matrix.
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Table 2: Total no. of “YES” mapped with PIs

CO1 | CO2 | CO3 C0O4 | CO5
PO1 2 2 2 1 1
PO2 1 1 3 2 1
PO3 0 0 0 0 1
PO4 1 0 0 1 2
POS 0 0 0 1 0
PO6 0 0 0 0 0
PO7 0 0 0 0 0
PO8 0 0 0 1 0
PO9 0 0 0 0 0
PO10 0 0 0 1 2
PO11 0 0 0 0 0
PO12 0 0 0 0 0
Table 3: Mapping Strength
Program Outcomes
POI PO2
TPIs | MPIs | MS | TPIs | MPIs | MS
C COl 5 2 2 14 1 1
ozltlcr;fnes co2 | 5 2 2[4 ] 1 1
CO3 5 2 2 14 3 1
CO4 5 1 1 14 2 1
CO5 5 1 1 14 1 1
Table 4 : CO PO Mapping Matrix
Course | Course Outcomes P01 | P02 | P03 | P04 | POS | PO6 | PO7 | PO8 | P09 | PO10 | PO11 | PO12
Ability to define, and
e | ot |2 |1 |
Tdensty ifent
e | e oran |2 |
algorithm.
Design algorithms to
U AL R
data structures
Compare and contrast
04 | ementionsotawa| 1|1 < [V [T | - 0]
i;ﬁtyu;;mpriam data
s | mentvarows el L R R R R N R
time problems.
Average 1.60 | 1.00 | 1.00 | 1.00 | 1.00 | - - 1.00 | - 1.00 | -
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Appendix
ACTIVITY (DRY RUN)
. Course Bloom | Performance
Q.No Question Marks Outcome Level Indicator

Given an array of 6 elements: 15, 19,

10,7, 17, 16, sort it in ascending order

using Bubbl e sort .

1 Repeat Steps 2 and 3 for K=1 to

N-1

2 Set PTR := 1 (Initializes pass 1.4.1,2.1.2,2.
1 pointer PTR) 5 CO5 L3,L4 2.3,4.1.2,10.1

3 Repeat while PTR<N -K 2

If DATA[PTR] > DATA[PTR+ 1]

Interchange DATA[PTR] and

DATA[ PTR + 1] Set PTR :=PTR + 1

4 Exit.
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Given an array of 8 elements: 15, 19, 10, 7, 17, 16, 5,20
sort it in descending order using Bubble sort.

1 Repeat Steps 2 and 3 for K =1 to N1

2 Set PTR :=1 (Initializes pass pointer PTR)
2 3 Repeat while PTR < NK If DATA[PTR] 5 CO5 | L3,L4
> DATA[PTR+ 1]

Interchange DATA[PTR] and DATA[PTR +
1] Set PTR :=PTR + 1

4 Exit.

1.4.1,2.1.2,2.2.
3,4.1.2,10.1.2

1.Consider an array arr = {1, 5, 7, 8, 13, 19, 20, 23,
29}. Find the location of the item 23 tilme array,using
binary Search.

1 SET BEG=LB,END=UB &
MID=INT((BEG+END)/2)

2 Repeat Steps 3 & 4 While BEG<=END &
3 DATA[MIDJAITEM 5 Co5 | L34 1.4.1,2.1.2,2.2.

3,4.1.2,10.1.2
3 IF ITEM <DATA[MID],SET END=MID
ELSE SET BEG=MID +1
4 SET MID=INT ((BEG+END)/2)
5 IF DATA[MID]=ITEM,SET LOC=MID
ELSE SET LOC=NULL
6 EXIT

Input : arr[] = {10, 20, 80, 30, 60, 50,1100, 130, 170}
Search 110 using Linear Search.

1 SET DATA[N-+1]=ITEM (Insert ITEM at the
end of DATA)

4 2 SET LOC=1 (Initialize Counter) 5 CO5 | L3,L4
3 Repeat While DATA[LOC]ATEM
LOC=LOC+1(End of Loop)
4 IF LOC=N+1,SET LOC=0 (Successful?)
5 Exit

To search 39 from an STACK of 10 elements

91929394959 69 79 89 99

1) Set PTR=START

2) Repeat step 3 while PRZNULL

3HIf ITEM<INFO[PTR],then

5 Set PTR=LINK[PTR] 5
Else if ITEM=INFO[PTR]Set LOC=PTR and Exit
Else:
Set LOC = NULL,and Exit

4) Set LOC=NULL

5)Exit

1.4.1,2.1.2,2.2.
3,4.1.2,10.1.2

C02,C
05

1.4.1,2.1.2,2.2.

L34 54121012
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