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Introduction
Implementation of Outcome based Education 

has been popular for its potential to measure the 
1learning outcomes . OBE has adopted this process of 

measuring the learning outcomes from American 
Accreditation Board of Engineering and Technology 

2
(ABET) . Importance of learning outcomes is 
increasing day by day due to the challenges of 
employability. The learning outcome attributes are 
derived from Bloom's taxonomy of education 

3
objective .  The attributes are knowledge, skill and 

4
attitude . These attributes each individual must have 
attained at the end of successful completion of a 

5,6
program in higher education . The learning outcomes 
are measured at different levels such as course 
outcomes, program outcomes etc. In this paper we 
have discussed the attainment of lowest level 
measurable learning outcome i.e. course outcomes. 
Depending on the expected outcomes of learner and 
delivery method suitable assessment methods have 

2, 7-8been chosen . The course outcomes are derived from 
institution vision in a step wise manner.Missions are 
steps through which institution vision can be achieved. 
From the institution vision and mission, department 
vision and missions are derived. Each department 
represents a program. Each program has its own 
Program Specific Objective (PSO) and program 
outcomes (POs). Under each program there are a 
number of courses. Corresponding to each course 

There are course outcomes defined which are 
linked to POs. Program Specific objectives are broad 
statements that describe the career and professional 
skills the students will be able to achieve under the 
program. For example there are three PSOs set for 
Information Science Department (ISE) of RVCE, 
which are given below.
PSO-1: Ability to identify, formulate and simulate 
problems in the area of Computer Networks and 
Information Security and software engineering.
PSO-2: Ability to apply analyze, design, develop, and 
test principles of System software and Database 
concepts for computer-based systems.
PSO-3: Ability to apply concepts of computer 
architecture and organization to meet desired needs of 
modern computer technology.

It is essential to get accreditation from 
different agencies to improve the quality of teaching 
and to get recognition throughout the globe. Each 
accreditation agency has its own set of criteria to 
assess the teaching and learning. The quality of 
teaching can be judged by measuring the learning 
outcomes.

The learning outcomes of a program are more 
specifically defined in terms of program outcomes. 
There are twelve graduate attributes which are defined 
as the Program Outcomes (POs) for all the programs. 
POs are common for all the departments. The twelve 
POs are
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PO1-

PO2-

Engineering knowledge: Apply the knowledge 
of mathematics, science, engineering fundamentals, 
and an engineering specialization for the solution of 
complex engineering problems

Problem analysis: Identify, formulate, research 
literature, and analyse complex engineering problems 
reaching substantiated conclusions using first 
principles of mathematics, natural sciences and 
engineering sciences.
PO3-Design/development of solutions: Design 
solutions for complex engineering problems and 
design system components or processes that meet the 
specified needs with appropriate consideration for 
public health and safety, and cultural, societal, and 
environmental considerations.
PO4-Conduct investigations of complex problems: 
Use research-based knowledge and research methods 
including design of experiments, analysis and 
interpretation of data, and synthesis of the information 
to provide valid conclusions.
PO5-Modern tool usage: Create, select, and apply 
appropriate techniques, resources, and modern 
engineering and IT tools, including prediction and 
modeling to complex engineering activities, with an 
understanding of the limitations.
PO6-The engineer and society: Apply reasoning 
informed by the contextual knowledge to assess 
Societal, health, safety, legal, and cultural issues and 
the consequent responsibilities relevant to the 
professional engineering practice.
PO7-Environment and sustainability: Understand 
the impact of the professional engineering solutions in 
societal and environmental contexts, and demonstrate 
the knowledge of, and need for sustainable 
development.
PO8-Ethics: Apply ethical principles and commit to 
professional ethics and responsibilities and norms of 
the engineering practice.
PO9-Individual and team work: Function 
effectively as an individual, and as a member or leader 
in diverse teams, and in multidisciplinary settings.
PO10-Communication: Communicate effectively on 
complex engineering activities with the engineering 
community and with the society at large, such as, being 
able to comprehend and write effective reports and 
design documentation, make effective presentations, 
and give and receive clear instructions.
PO11-Project management and finance :  
Demonstrate knowledge and understanding of the 
engineering and management principles and apply 
these to one's own work, as a member and leader in a 
team, to manage projects and in multidisciplinary 
environments.

PO12-Life-long learning: Recognize the need for, 
and have the preparation and ability to engage in 
independent and life-long learning in the broadest 
context of technological change.

These are the expected program outcomes a 
student should have after successful completion of the 
course. Attainment of POs is done through course 
outcomes of all courses under the program. PO 
attainment discussion is beyond the scope of present 
paper.

Course outcomes are the measurable outcomes 
which are set to measure after successful completion 
of the Engineering Chemistry. This is a basic course 
required by all the Engineering branches. For 
Engineering Chemistry there are four COs.
•CO1  - Understanding  the principles of Chemistry in 
Engineering & Technology
•CO2 - Applying the knowledge of Chemistry in 
solving socio-economic and environmental issues
•CO3  - Identifying  and analyzing Engineering 
problems to achieve practical solution
•CO4 - Developing solutions for problems associated 
with technologies

These are four COs included in each unit. In 
this paper we have described the method how to 
measure these COs through CO attainment 
(COA).This gives the idea regarding the depth of 
understanding of the course and critical thinking to 
solve new problems. COs are defined at the student 
level, whereas from teaching point of view at the 
beginning of the semester teachers prepare their lesson 
plan along with course learning objective (CLO). For 
Engineering Chemistry following are the CLOs.
·Describe the basic concepts of chemistry behind the 
development of futuristic materials for various 
applications in Engineering and technology
·Explain the Chemistry and processes involved in 
development of alternate and sustainable energy 
sources.
·Learn to apply the knowledge of behaviour of 
materials that play a vital role in selection of materials 
and design of products in Engineering.
Assessment Process
Assessment process is critical component to achieve 
academic excellence. Assessment is done by two ways 
i.e formative assessment and summative assessment. 
Formative assessment is done during the instructional 
or teaching process to gather information and also to 

8
adjust teaching and learning in real time . In this paper 
we have presented the summativeassessment process, 
which is used by Department of Chemistry RVCE. The 
flow chart of assessment process is given in Figure 1.
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Summative Assessment
The summative assessment is done in two ways:
1. Continuous Internal Evaluation (CIE).
2. Semester End Evaluation (SEE).

Final grade of the student is calculated based 
on CIE and SEE. CIE and SEE both are calculated out 
of 150 marks.  CIE consists of theory for 90 marks 
(two best unit test out of three unit test), 
assignment/presentation for 10 marks and lab 
component for 50 marks (experiments and lab 
internal).  In lab component experiments are valued 
out of 200 marks and lab internal is conducted out of 
50 marks.  Total 250 marks of lab component is 
reduced to 50 marks for CIE calculation.  In each unit 
test the question papers are set according to the 
achievable matrix. However all the three unit tests are 
considered for the calculation of Course Outcome 
Attainment (COA).
Achievable Matrix

Achievable Matrix is set up at the beginning of 
the semester. In this matrix the total theory marks (90) 
for CIE is distributed among all the units and COs of 
the course. Setting up of achievable matrix helps to set 
up the question paper according to Bloom's Taxonomy 
level for each unit test. This covers the assessment of 
student's knowledge; understanding, analysis and 
designing capabilities. For Engineering Chemistry 
12CH12/22 there are five units. Distribution of marks 
among the units and unit test is given in table 1.From 
Table 1 the marks distribution for all the units 1 to 5 is 
20, 20, 18, 14 and 18 respectively. Then these marks 
for each unit are divided among CO1, CO2, CO3 and 
CO4. By adding the CO1 contribution for all five units, 
it gives 16. Similarly for CO2, CO3, and CO4 we get 
29, 31 and 14. These COi (i=1 to 4) number indicates 
the distribution of marks for each individuals CO out 
of 90 for CIE. After rounding up of the percentage of 
CO contribution for CIE, we obtained CO1, CO2, 
CO3 and CO4 contribution for all the three unit test are 
as follows 18%, 32%, 35% and 15%. Sum of all the 
CO percentage contribution is 100.

The detailed marks distribution (target and 
actual) for each unit test is given in Table 2. Target 
CO% is obtained from Table 1. Table 2 gives clearly 
the syllabus portion for each unit test and CO 
contribution also. Corresponding to each unit test the 
target percentage of CO and CO marks distributions 
are given in bold and below which the actual CO 
percentage distribution and marks are given.

A model question paper for unit test I is given 
in Appendix 1. The unit test question paper has two 
parts. Part A contains quiz questions and Part B 
contains test questions. For each question the marks, 

Bloom's Taxonomy level and corresponding CO is 
given in the right hand side. The question paper also 
contains the course outcome as per Bloom's 
Taxonomy level. These details help to set up question 
paper mapping with CO and course outcome 
attainment.

Given in the right hand side. The question 
paper also contains the course outcome as per Bloom's 
Taxonomy level. These details help to set up question 
paper mapping with CO and course outcome 
attainment.
Question Paper Mapping Matrix (QPMM)

The dimension of QPMM is given by Number 
of questions X Number of COs. The matrix elements 
are 1 and 0. Matrix Element = 1, if the question belongs 
to the particular CO, Matrix Element = 0, if the 
question does not belong to the particular CO. The 
question Paper Mapping Matrix for the model 
question paper is given in Table 3. It also contains the 
maximum marks corresponding to each quiz/test 
question. After the QPMM is set up for each individual 
student the detailed marks entry for each quiz/test 
question is done to calculate the theory CO attainment 
for the particular unit test.

After the unit test the QPMM is set up for the 
question paper and marks for all questions of each 
student is entered to calculate theory CO attainment. 
For the model question paper the marks entered are 
given in Table 4.Dimension of the matrix = (number of 
questions X number of students). Corresponding to 
each question column of Table 3 marks are entered as 
shown in Table 4.
CO attainment for each student is calculated from 
Table 3 and 4.
COi attainment is calculated by (where i = 1 to 4) 
the formula given below:
For all the three unit test theory CO attainment is 
calculated separately and average of all the three CO 
attainment is taken as the theory CO attainment. For 
Lab component and assignment/presentation the CO 
attainment is calculated as per the rubrics.
Rubrics for Laboratory and 
Assignment/Presentation
Laboratory component contains the practical skill 
along with understanding, analysis and design 
component. Laboratory component assessment is 
done by indirect method based on rubrics. Rubrics are 
set of criteria used to assess the complex learning 
outcomes. Assessment of oral presentation, writing 
skill and critical thinking for designing is done using 
rubrics. 

The different components of the lab 
experiment and presentation is mapped to CO1, CO2, 
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CO3 and Co4.Co1 and CO2 corresponds to the 
“Remember” and “understanding level” of Bloom's 
Taxonomy level, CO3 corresponds to “Analysis” and 
CO4 correspond to the higher order skill “create”.
For 12CH12/22 laboratory component the rubrics 
components are as follows
1.Title
2.  Purpose and objectives
3.  Design and Hypothesis
4.  Materials and Devices
5.  Procedure
6.  Analysis and Inference
7.  Creative idea & Applications

There are total of ten experiments in 
12CH12/22. Out of ten experiments six are 
instrumental analysis and four experiments are 
volumetric analysis. Assessment of these experiments 
is done by mapping the rubric components to course 
outcomes. For example rubric component from one to 
sis ix mapped to CO1, CO2 and rubric component six 
and seven are mapped to CO3 and CO4 respectively. 
The detailed marks entry for all the experiment for 
each student is given in Table 5. Table 5 shows the 
model marks entry for the laboratory experiments. For 
each experiment marks are entered as per the rubrics.
Lab COi attainment (where i = 1 to 4)  is calculated by 
the formula
Similarly for assignment/presentation the rubrics 
components are
1.  Understanding the topic
2.  Technical content
3.  New Technologies discussed
4.  Applications discussed
5.  Communication & QA skill
6.  References

Rubrics component one and six are mapped to 
CO1, rubrics component two and three are mapped to 
CO2, component number four is mapped to CO3 and 
component five is mapped to CO4. Table 6 shows the 
marks entry for assignment/presentation for each 
student as per the rubrics.

Table 6 shows the CO attainment for 
assignment/presentation. Provisional CIE grade and 
CO attainment is done using an automated 
programmed excel sheet. Table 7 shows the 
provisional CIE grade calculation. This excel sheet 
can be used by customizing it according to their course. 
Av e r a g e  o f  a l l  t h e  t h e o r y ,  l a b  a n d  
assignment/presentation CO attainment gives the final 
CO attainment of the student, as shown in Table 8.
Result Analysis

The final CO attainment of a particular branch 
is calculated by taking the average of each CO 

attainment of all students of a particular branch. 
Further this CO attainment is used for CO to PO 
mapping. In this paper we are not discussing the CO to 
PO mapping. The CO attainment obtained is 
compared with the target CO attainment, which was 
set at the beginning of the semester along with the 
achievable matrix. We have observed even if the result 
is 100 percent, CO attainment isn't necessarily 100 
percent. Over a period of time how the CO attainment 
is obtained is given in Table 9 and Figure 1.

From this table we observe that there is very 
little variation in the CO attainment of CSE branch for 
the first three semesters. For 2015-Odd semester there 
is remarkable improvement in the CO attainment. This 
is due to the change in assessment pattern of 
Laboratory and assignment/presentation component. 
The assessment is done using the rubrics which we 
have already discussed. Setting up of rubrics help to 
capture more correctly the different course outcomes 
learned by the students. It is always a challenge to set 
up the correct assessment plan in order to capture the 
learning capabilities, where directly the capabilities 
are not quantified. A better representation of these data 
is given in Figure 2.

This leads to think and set the action plan to 
improve the learning capabilities of the student and 
teaching skill of the teacher. Teaching skill includes 
lesson plan, assessment and curriculum design. In the 
present paper we are focusing only on the lesson plan 
and assessment component. The course co-
coordinator, examination coordinator and teaching 
faculties collectively take the feedback from the 
student and course end survey to set up the action plan 
for the next academic session. The sample questioners 
for student feedback and course end survey are given 
in Appendix 2. In the course end survey there are ten 
questions. These questions are divided into two 
categories as curriculum (question no 1 to 5) and 
teaching (question no 6 to 10). Curriculum component 
analysis is taken as the input for curriculum design. 
Teaching component analysis with student feedback 
analysis is considered for improvement of teaching 
methodologies and assessment.
Conclusion

Refining the assessment pattern captures the 
course outcome attainment or what the student has 
learned. Grade calculation is done by considering two 
best unit test but CO attainment is calculated from all 
the three unit test. Three unit tests covers 100 % 
syllabus. The definition or meaning of course outcome 
is what the student has learned after successful 
completion of the course. So far we have calculated 
CO attainment for all the students but from the next 
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academic session we will be calculating the CO 
attainment for the students who are eligible to appear 
SEE. Educating the significance of course outcome to 
students increases their learning and critical thinking 
capabilities. RVCE has lot of potential to change the 
teaching and assessment process as it is an 
autonomous institute and following outcome based 
education. Continuous training for teaching/ non-
teaching to enhance their  ski l l ,  modern 
facility/equipment in the laboratory will definitely 
help to achieve the vision of RVCE. At each and every 
step there should be correct process to quantify the 
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TABLES
Table 1: Achievable Matrix for 12CH12/22

Table 2: Marks Distribution in Unit Test Using 
Course Achievable Matrix
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target and to check the accountability. This simple 
method of quantifying course outcome attainment is 
definitely one such process. More research can be done 
in this area to increase the awareness and learning. This 
process definitely benefitsthe growth of learner, 
teacher and institute.
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Table 5: Detailed Lab Marks Entry

Table 6: Detailed Marks Entry for Assignment/Presentation

Table 7: Unit Test Marks and Provisional CIE grade

Table 8Final CO attainment
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FIGURES
Figure 1: Flow chart of Summative Assessment 

Process

Figure2: CO attainment for CSE branch
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Table 9: CO attainment for CSE branch
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