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Abstract:

The Outcome Based Education (OBE) associates each part of educational system around the
pre-defined set of goals and imbibes the student with the requisite graduate attributes to achieve
those goals at the end of his academic career. The performance of the student is measured with
reference to the goals achieved by the student. OBE offers a student-centric teaching-learning
process controlled with the content delivery, assessment methodology designed to achieve the stated
outcomes. A course can be theoretical or practical-oriented. Skill attainment in each of these is
measured along different scales. In the current research, the authors have designed and developed a
model for computation of Programming QOutcomes of different programmes launched by an institute.
The framework previously designed for Course Objective attainment provides the requisite input for
the model and PO attainments are computed on the scale of five. Also, the work is augmented for
performing grade modelling separately for formative and summative assessments in a course
‘Computer Organization and Architecture’. The bell shaped trend fittings ensure the true reflection
of the performance range.
Keywords: Bloom’s Taxonomy, Course Objectives, CO-PO Mapping, Course Outcomes, Graduate
Attributes, Outcome Based Education,

1.0 Introduction:

In the traditional education system, the students merely focus on memorization through rote
learning rather than conceptual understanding of the courses. Once the concepts are memorized there
is very little scope for understanding. This results in lack of gaining of actual skills or practical
knowledge. The Outcome Based Education (OBE) model focuses on clear objectives and through the
continuous evaluation of progress the actual course outcomes which includes knowledge, skills and

attitude are attained. OBE immensely contributes towards clarity of focus. The course design ensures
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the conformance to clear attainment of course objectives by properly mapping them to course course
outcomes. The core of OBE is continual improvement. OBE is student centric framework in which
facilitators plan their course delivery and assessment with the course outcome as end point in mind.
Programme Educational Objectives are nothing but the skill sets to be possessed by the students at
the end of the programme and the Programme Specific Outcomes are the domain dependent strength
or abilities of the student. It is related to the domain dependent POs which are numbered from 1 to 5.
Higher POs from 6 to 8 focus on ethical, legal, social issues, life long learning, working effectively
in a team and effective communication. In OBE emphasis is placed on what students are expected to
know and be able to do i.e. it clearly tries to assess his knowledge and skill attributes.

The following table depicts different courses which are mapped to

Course Course Name PO1(PO2(PO3|PO4(PO5|PO6|PO7|PO8
Code
Computer Architecture and 2 1 1 2 3 0 2 2
CC-101

Operating system

Software Engineering and Object 1 3 3 3 3 2 3 3

CC-102

Oriented Design
CC-103 | Design and Analysis of Algorithms | 3 3 3 3 3 1 2 2
CC-104 | Programming with ‘C’ 2 |1 2 ¥ 2 3 1 2 2
CC-105 | Web Design and Development 2 2 3 2 3 1 2 2
DSE-1 | Programming with Python. 2 2 3 P 3 1 2 2
AEC-I |Stress Management 0 2 0 2 1 3 3 3

Bloom’s taxonomy defines six knowledge Ilevels pertaining to knowledge gain,

comprehension, application, analysis, synthesis and evaluation as depicted in Figure 1.

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Figure 1. Bloom’s Taxonomy Knowledge Levels
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The twelve graduate attriburtes in OBE are listed below:
e Knowledge
e Problem Analysis
e Designing solutions
e Solutions to complex problems
e Usage of modern tools
e Relevance to societythought
e Environment and sustainability
e FEthics
e Working as individual and in a team
e Communication
e Project Management
e Life long learning

Over the years the teaching padegogy has been drastically changed to inculcate the requisite
skills among the students to render them job ready. The padegogies such as flipped class room, think
pair share enable the facilitators to render the sessions thought provoking. In the light of flipped class
rooms, the teachers upload the resource materials comprising of pre-reading materials and any other
digital content in a centralized digital repository and the students are instructed to read the materials
and watch videos before they come to the class rooms. The teachers mainly act as facilitators in
explaining difficult to learn concepts, if any and most of the focus is on problem solving sessions
which may include case studies, system design, database design, coding exercises, problem solving
tasks etc. This is where the teacher’s presence is most required.

New Education Policy (NEP) 2020 advocates developing padegogy which ensures holistic
development of students through flipped class rooms, integrated learning, experiential learning,
discussion based peer learning.

2.0 Literature Review and Research Gaps:

There are plethora of research articles for the computation of PO attainment of a program but
most of them are analytical in nature. During the survey conducted the authors did not find a paper
which lays a sound mathematical foundation to the PO attainment procedure. NBA accreditation
criteria focuses on Outcome Based Education (OBE) and Bloom’s taxonomy. Washington Accord is
an international accreditation agreement for professional colleges which ensures the equivalence of
programmes accredited by the signatories. The challenges in OBE are writing good achievable

course objectives and use of rubrics as effective assessment tools [1].KIET group of institutions OBE
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manual with Bloom’s taxonomy and manual of OBE of Jarkhand Rai University of Ranchi clearly
specify the guidelines for stating Programme Educational Objectives (PEOs), Programme Specific
Objectives (PSOs), Course Objectives and Programme Outcomes [2 - 4]. NBA insists on ten
different criteria for achieving OBE in engineering stream with different perspectives. Kavitha et.al.
have discussed in their research paper course delivery mechanisms for achieving OBE in an
engineering programme focussing on assessment methods and attainments of Course Outcomes (CO)
and Programme Outcomes (PO) [5, 6]. PO attainments computations rely on two mechanisms, direct
method and indirect method based on course exit survey. Shaikh et. al. have employed both these
techniques for calculation of PO attainment. The computations are performed in an Excel sheet
[7].Reddy et.al have performed CO-PO attainment computation for the basic Electrical Engineering
course offered for B.Tech — I year. The study has been extended further for computing the PSO
attainment [8]. A simplified and robust approach for computation of CO attainment is presented [9,
10]. Rani et.al have replicated the computation for Tier-1I institutions.

After the exhaustive literature survey the following research gaps were identified and
addressed in the current paper:

e A generic framework for CO-PO attainment calculation with the separation of concerns
employing scalable multi-tier application architecture is missing.

e Exporting the reports to MS-Word or PDF formats are not reported in the literature
anywhere.

e Grade modelling for the determination of performance range which is an important
component is not mentioned anywhere.

The research gaps spelt out above are addressed in the current research. A framework is
designed for the computation of CO-PO attainment which can be extended further for computation of
PEO and PSO attainment levels. The final reports can be exported to Word format. The trend fitting
of grade modelling is carried out to investigate performance range in a sample subject of ‘Computer
Architecture and Organization’.

3.0 Research Methodology:
3.1 Mathematical Model:

In this section a mathematical model for the computation of CO attainment and PO
attainment is devised.
Computation of CO Attainment;

Let mlj; denote the marks scored by i™ student in jth course in a formative assessment and
m2;; denote the corresponding marks scored by i™ student in j™ course in a summative assessment.

The sum of marks scored by various students in the jth course is given by:
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S1j = X8 mlj= where | <=i<=60and

where j <=j<=7
The average marks in jth course in formative assessment is given by,
Avglj = Sk
60

The count of the students above average in jth course is given by,
60
Cij = Z 1 if mij > Avglj
i=1
Hence the percentage of students above average in the jth course is given by
Clj
= Avglj

P1j x 100

The same procedure applies to summative assessment where P2; is the percentage of students
above average in the jth course in summative assessment.
The CO attainment in jth course is given by,
P;=0.2x P1;+ 0.8 x P2,

Hence the CO attainment levels on the scale of 3 are computed as depicted in Table 1.

Table 1: CO Attainment Levels

Pj Level (L;)
>30 and<= 40 1
>40 and <= 50 )
> 50 3

Computation of PO Attainment by Indirect Method:
CO-PO mapping table is a matrix of order 1 x j where 1 is the no. of courses and j is the no. of
POs. Let POij denote the j™ PO of i™ course in CO-PO mapping table with the weight between 1 and
3 with the meaning of each weight as furnished in Table 2.
Table 2: Weightages Assigned to POs

Weight Meaning
Low 1
Medium |2
High 3
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Compute another matrix employing the CO attainment computed earlier. It depicts the CO
attainment for different POs specified by the programme. The corresponding modified matrix is

given by,

7
PO'ij = z z Li x POij

i=1 j=1
Same computation applies to other semesters. Total courses offered in different semesters of
MCA programme are depicted in Table 3.
Table 3: No. of Courses Offered in Different Semesters of MCA Programme

Semester | No. of Courses
I 7
11 9
I 10
v 9
Total : 35

Finally, PO attainment of it subject is given by,
Zfil PO'ij
35
Finally, based on the score the CO attainment level is determined as depicted in Table 4.

Table 4: PO Mapping Table

POAtti =

Level Score Score
Level-1 >0.5 and <1.0 Poor
Level-2 >1.0 and <1.5 Average
Level-3 >1.5 and <2.0 Good
Level-4 >2.0 and <2.5 VeryGood
Level-5 >2.5 and <3.0 Excellent

POs of MCA Academic Curriculum:
There are total eight Programme Outcomes defined in MCA academic curriculum. Some
sample POs are furnished herewith:
» PO 1: Apply the knowledge of computing and mathematics to understand problems in
different domains.
» PO 2: Analyze problems to identify and understand the requirements appropriate to its

solution.
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» PO 3: Design and develop a computer-based solution to meet desired requirements with
understanding of social concerns.
» PO 4: Design and conduct experiments to identify alternative solutions and interpret results.
CO-PO Mapping Table:
The structure of sample CO-PO mapping table is depicted in Figure 2.

H19 - Jx

4 A | 8 | ¢ | p | E | F | = H [
N PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8
2 |cc 101 1 2 0 3 3 1 1 1
3 |CC 102 3 2 3 3 0 1 1 1
4 |CC103 2 2 1 2 1 1 1 1
5 |CC 104 2 2 1 2 1 1 1 1
6 |DSE | 2 2 2 1 2 0 1 1
7 |GEI 3 2 2 2 2 1 1 1
8 AECI 0 0 0 0 0 2 2 2
9

Figure 2. CO-PO Mapping Table for Semester-1 of MCA Programme
3.2 Application Framework:
Figure 3. depicts the application framework for the computation of PO attainment levels for
the MCA programme. The input to the framework if CO attainment framework designed by one of

the authors.

CO Attainment

testmergel.xls > =
\_/_J Computation Framework
COo-PO l
Mapping copomapping.xls
Table L2 s | ReadExcelNewDatabase2.java I

I

InsertDataInCOPOMapping.java PO
Attainment
Table

v
CO Database

K—//

i~ gk

copomapping

-
co_attaimment

marks

average

Figure 3. Application Framework for PO Attainment Computation
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In the above architecture, testmergel.xls file contains the cleaned Excel worksheet which is
employed by CO attainment framework for computation of CO attainments levels for different
courses of MCA programme. The results are employed by the PO mapping framework. The CO-PO
mapping for different courses are stored in different Excel sheets. ‘InsertDatalnCOPOMapping.java’
program employs standard JAR file for retrieving the data and persisting the same in MySQL
backedn database. The ‘ReadNewExcelDatabase2.java’ program in the business logic tier employs
the database and PO attainment table for computation of PO attainment levels for MCA programme.
Currentl, the results can be exported to Word document.

3.3 Structure of Excel Worksheet:

The structure of Excel worksheet after data cleaning is depicted in Figure 4.

¥ - 5 e
4 A | 0B 0 < [ - S E i E | G | H
1 | Course:
5 [ Scatmo. [EETT EETP] [EETE] EETTY DSE | GE | AECT
CUMILURG. SOF 1. ENG. PRUG. WEB DESI ETHICAL FUNL, MG 1. CUMM. Al
ARCIL Cr.PL4.00 wiTli DLCVT. HACKING Cr.Pt4.00 WORK
3 C1.PL4.00 CL.PL4.00  |C1.PL4.0O Ci.PLA.00 Ci.PL3.00
1] nt. Int. Int. Int. Int. Int. Int.
5 Theory Theory Theory Theory Theoy Thewy Thewry
6 Grace arace Grace Grace Grace Grace Grace
7 20140 20/40 20140 20140 20140 20/40 20/40
8 | 24160 24160 24150 24160 24160 24160 24160
92 | 1101 35 26 24 3b 34 34 33
10 |"BAWALE 13 11 18 12 12 39 A4
11 | 1102 35 35 EXS EXS 33 31 28
12 "N IARANT 42 35 34 30 a5 31 42
13 1103 24 33 24 33 32 EE] 2
14 |"BHOSALE 10 11 EL] 37 14 35 16
15 | 1104 29 28 30 29 25 21 20
16 |C1AVAN 34 29 20 195 0% 33 32
17 | 1105 24 24 34 33 31 31 3z
18 [*CHAVAN 15 39 37 27 10 36 14
19 | 1106 29 30 EX EX] 28 26 29
20 *CHOUGLH T 46 33 45 46 a7 a5 34
21 | 07 25 21 2 20 32 20 a2
22 |"DESAI APURVA 34 a1 28 32 40 33 10
23 | 1108 36 31 EX EL 32 26 33
| *anam 40 a3 a2 26 36 27 24
21 |SWAPNALI
25 (1109 35 33 Er3 33 23 22 28
26 | THULKAIMI 41 30 24 25 25 2 25

Figure 4. Cleaned Excel Worksheet Containing Formative and Summative Assessments
Start Cell Address — B9~ Column Range for Marks — B to H First Course Code — CC 101
3.4 Database Structure:
The structure of the database and structure of different tables in the database along with their
contents is depicted in Figure 5(a) — 5(i).

Name of the Database:co

Table - Actlon Rows & Type  Collation Slze
[ average :'. | Browss b Structure % Search 3 Insert = Empty @ Drop 7 innoDB  ut8mb_generzl_ci  16.2 KiB
[ copomapping 1y Browse  Stucture 4 Search F¢ nsert I Empty @ Drop 736 InnoDE  utf8mbd_general ci 4.7 KiB
[ co_attainment Browsc b Structurc % Scarch 3¢ nsort g Empty @ Drop 37 InncDBE  utf8mb4_goneral i 16.2 KiB
marks 5 | Crowse [t Stucture & Search 3¢ Insert G Cmpty @ Drop 266 InnoDD utfBmbd_general ci 64.7 KiB
4 tables Sum 626 InnoDB utfimbd_general_ci 160.2 KibB

Commands for Table Creation:
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Create table copomapping (subcode char (50), po char(5), levle int);
create table co attainment (Course char(50), Internal int, External int, CO_Score float,

Attainment char(20));

Table Structure and Contents:
Table Names:

e copomapping

e marks

e average

e o attainment

copomapping Table Structure:

£ Name Type Collation Attributes Mull Default Comments Extra Action
O 1 subcode char{S0) utfdmb4 general ci Yes  NULL o Changs @ Droo  Muie
[J 2 po char{5)  uff3mb4_general_ci Yes NULL .~ Changs (@ Drop More
O 3 levle int(11) Yes  NULL & Changc @ Drop More

Content of copomapping Table:

subcode po levle

CC 101 PO1 1
CC101 PO2 2
cc 101 PO3 3
CcC 101 PO4 3
cCc 101 PO5 3
CC 101 POB 1
cc101 POT 1
CC 101 PO8 1
CC 102 PO1 3
CC 102 PO2 2
CcC 102 PO3 3
CGC 102 PO4 3
CcCc 102 PO5 0
CC 102 POB 0
CcC 102 POT 1
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Co_attainment Table Structure:

# Name Type Collatlon Attributes  Null Default Comments Extra Actlon
O 1 Course = chari50) utiSmbd_general_ri No Nane & Change @ Drop  More
[ 2 Intemal int(11) Yes MNULL o Change @ Drop More
0 3 External int(1) Yes  MNULL & Change @ Drop More
[J 4 CO_Score float Yes MNULL & Change @ Drop Muore
[J 5 Atainment chari20) utt8mb1_general_ci Yos  NULL &  Change @ Urop Morc

Content of co_attainment Table:

Course Internal External CO_Score Attainment

AEC | ] 3 3 Fully Attained
AEC I 2 2 2 Fully Attained
AEC Il ] 3 3 Fully Attained
AEC IV 3 3 3 Fully Attained
GCC 101 3 3 3 Fully Attained
CC 102 2 3 3 Fully Attained
CC103 2 3 3 Fully Attained
CC 104 2 3 2.8 Fully Attained
CC 201 3 3 3 Fully Attained
CC 202 3 3 3 Fully Attained
CC 203 3 2 2.2 Fully Attained
CC 204 3 2 2.2 Fully Attained
CC 205 3 3 3 Fully Attained

Structure of marks table:

| # HName Type Collation Attributes Null Default Comments Extra Action
(] 1 sub_name chur(100)  ulf@mbd_geneal_ci Yes NMULL & Change @ Diop  More
[ 2 seatno int(11) Yes NULL & Change @ Drop More
] 3 internal int(11) Yes  NULL & Change @ Drop Morc
] 41 extemal int(11) Yes  NULL o’ Change @ Drop More
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Content of marks Table

sub_name seatno internal external
CC 201 2361 29 60
CC 501 2362 34 52
CC 501 2363 32 60
CC 201 2364 34 60
CC 501 2365 32 56
CcC 501 2366 30 43
CC 501 2367 23 o4
CC 501 2368 33 60
CC 501 2369 34 60
Structure of average table:
# Name Type Collation Attributes Null Default Comments Extra Action
[J 1 sub_name chai(50)  uli@inbd_ygenerzl_ci Yes  MULL o Chunge @ Diop  More
[ 2 average_internal fioat Yes  MULL & Change @ Drop  Moie
[ average_external flnat Yes  MiN1 & Change @ Drop  More

Content of average table:

sub_name average_internal average_external

CC 501 32 0526 579474
CC 502 30.8421 33.1053
CE 503 30.8158 536842
CC 504 30.5263 406316
CC 505 299474 42 8158
DSE IV 30.8684 419474
DSE WV 33.3158 590526

Figure 5 (a)-5(i). Structure of Database

Path and Classpath Setting

set path=C:\Program Files\Java\jdk1.8.0 351\bin

set classpath=commons-collections4-4.1.jar;poi-ooxml-3.17.jar;poi-ooxml-schemas-

3.17.jar;xmlbeans-2.6.0.jar;poi-3.17.jar;mysql-connector-java-5.1.6.jar;.

The application’s execution in business logic tier is shown in Figure 6(a) — 6(c) along with

the data extracted from unstructured Excel sheet which is persisted in the backend database.
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CAWindows\System32\cmd.exe

osoft Windows [Ve
(c) Microsoft Corpor

C\Windows\System32\cmd.exe
A>javac InsertDataInCC
InsertDataInCOPOMappin va us ove es a deprecated API.

Note: Recompile with -Xlint:deprecation for details.

E:\MCA>java InsertDataInCOPOMapping

C\Windows\System32\cmd.exe - mysql -u root -p

504 PO7 | 1

504 | P08 |
| pO1 |
| po2 |
| POz |
| Poa |
| pos |
| po6 |
| po7 |
| Pog8 |
| PO1 |
| po2 |
| POz |
| Poa |
| pos |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
+

MNONN

ha

WR RN

[ERe)

o

P06
PO7
P08
PO1
P02
PO3
P04
PO5
P06

X

o NN

O ———— e e e e e e e e e e e e e e e e e e e e e

PR SN

m

MariaDB [col>
Figure 6(a) — 6(c). Application Execution in Business Tier and Data Persistence in Data Tier

The final results of CO computation is shown in Figure 7.
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= 3

1 Not Atta

E] E Fully At C
Fully Attaincd
Fully Attaincd

Figure 7. Computation of CO Attainment Levels
4.0 Results and Discussions:
The mathematic model developed in section 3.1 and application architecture devised in
section 3.2 are implemented in java 8. The data validations are performed in presentation tier and the
results of PO attainment are depicted in Table

Table 5: PO Attainment for MCA Programme

Avg POl | Avg PO2 | Avg PO3 | Avg Avg POS5 | Avg PO6 | Avg PO7 | Avg PO8
PO4
2.6 2.6 2.4 2% /o) 2.6 2.7 2.6
PO Mapping :
Excellent | Excellent | Very Very Good Excellent | Excellent | Excellent
Good Good

Figure 8. depicts exporting of PO attainment reports to MS-Word document.
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PO Attainment Computation for MCA Programme

Date : 14-02-2023

Created By — Dr. Poornima G. Naik

Figure 8. Exporting PO Attainment Reports to MS-Word Document
Further, the work is augmented for performing grade modelling separately for formative and
summative assessments in a course ‘Computer Organization and Architecture’ and is shown in

Figure 8(a) — 8(b). The bell shaped trend fittings ensures the true reflection of the performance range.

CC-101 Computer Organization and Architecture
(Internal)

40
35
30
25 -
20 R2=-19.9

15
10
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Figure 8(a) Grading Model for Computer Organization and Architecture in Formative

Assessment

IRJHISIC2302047 | International Research Journal of Humanities and Interdisciplinary Studies (IRJHIS)| 434



www.irjhis.com ©2023 IRJHIS | Special Issue, February 2022 | ISSN 2582-8568 | Impact Factor 6.865
International Conference Organized by V.P. Institute of Management Studies & Research, Sangli
(Maharashtra, India) “Digital Technology: Its Impact, Challenges and Opportunities” on 25" February 2023

CC-101 Computer Organization and Architecture
(External)

60

50

40

30

20

10

1 357 91113151719212325272931333537394143454749515355

Figure 8(b) Grading Model for Computer Organization and Architecture in Summative

Assessment

5.0 Scope for Future Work:

As a prototype model of CO and PO attainment computation, the Discipline Specific

Electives (DSE) and Generic Electives (GE) are merged together. However, for getting the real

feedback about each of these, they need to be separated and CO and PO attainments need to be

computed separately for each of them as CO-PO mapping may differ in each case. Currently the

presentation tier is CLI based which can be converted in to a GUI based user friendly interface.

Currently, the PO attainment reports can be exported only to Word file. The work can be extended to

export the reports to PDF and Excel documents as well.
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