
OBE Framework for Assessing Laboratory / Practical 
Courses in Engineering Programmes

Abstract : Irrespective of the branch of study, 
practical/laboratory courses are integral parts of 
engineering curriculum. These courses develop the 
knowledge, skill and attitude of the graduates. It is 
thus necessary to frame the laboratory experiments, to 
create a student centric learning environment and to 
have suitable assessment methodologies to enhance 
the cognitive, affective and psychomotor skills of the 
engineering students. This paper proposes a 
framework of the above three from the authors' 
perspective for a software laboratory. The proposed 
framework can be extended to the laboratory/practical 
with suitable modifications in the Course Outcomes. 
Also in this paper, a methodology is proposed for 
converting the scales into marks and also the formula 
for calculating the marks under various heads (record, 
viva voce and experiment) is given. Rubrics are 
defined for the Performance Indicators (PIs) as 
specified in the Examination Reform Policy of AICTE 
for the Program Outcomes (POs defined by National 
Board of Accreditation (NBA), India). 

Keywords : Laboratory/practical courses, OBE, 
Rubrics, Course Outcomes (COs), Program 
Outcomes (Pos)

1. Introduction

 Laboratory experiments can be classified into four 
groups as open-ended experiments where the 
algorithm, procedure and implementation are done by 
the students through handholding. Semi open 
experiments are one in which the algorithm or 
procedure is stated and the student has to perform the 
experiment on one's own and must collect the 
observations, analyse the observations and derive 
conclusions from the observation. Also, the merits, 
limitations, scope and applications of the experiment 
can be identified. The next group is the open-ended 
experiments where the student has to understand the 
problem definition, identify various solutions, 
analyse the feasibility of implementation of these 
solutions, identify the most suitable solution, 
implement it and obtain the observations, analyse the 
observation and derive the conclusions from the 
observed readings. Finally, a complex engineering 
problem is included as the last experiment of the 
practical courses. Here the students must frame the 
problem definition, identify a set solution and so on. 

 Devasis Pradhan (2021) discussed the effective 
methods for the empowerment of the performance of 
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students undergoing Engineering course. Comparison 
on the traditional assessment methods and OBE, 
var ious  Pedagogical  methods fol lowed in 
Engineering Programme, various assessment tools for 
OBE, difficulties in the implementation of OBE , and 
the various Steps to be followed for the effective 
Implementation of OBE in Engineering Programme 
were also discussed by the author [1]. Jifeng Liang 
(2022), proposed a novel training model based on big 
data analysis for the specialized professionals in 
electronic information science and technology. 
Correlation index (CI) was calculated between the 
demand in the knowledge required by the 
organization and the talent inculcated in their 
employees. Training candidate is identified with 
highest CI and trained according to the requirement of 
the organization. The author also developed an 
evaluation model based on big data for talent 
cultivation and a model for predicting the scores using 
Neural Network [2]. 

 Genelza (2022), discussed on the various policies 
proposed  and the  various challenges faced  on 
implementation of the  OBE   curriculum  by   
philippines. The author also suggested  the  methods 
for further  study  of the concepts  in detail   and have 
given  awareness  to Filipinos  about the working of 
the system [3]. Syeed et al (2022) implemented an 
OBE framework for the CSE program in Independent 
University (IUB), Bangladesh and have provided a 
direction for other Engineering programs also. The 
authors provided a deep insight on the following three 
phases. I) OBE process and its practices II)   various 
steps involved in the development of program 
curriculum and the related teaching, learning, various 
assessment methodologies in the OBE model III) 
following the monitoring procedure of the academic 
process, assessment and accreditation for maintaining 
the continuous quality improvement (CQI). The 
proposed model can be used for tracking, monitoring, 
measuring and planning of OBE process [4].

 Loay Alzubaidi (2017), proposed a novel 
comprehensive combinational approach utilizing 
course learning outcomes (COs) and Student learning 
outcomes (SOs). The proposed approach makes use of 
threshold, average and performance vector for 
assessing the CO attainment. The key performance 
indicators (KPIs) were used for SO attainment. This 
also provides a quantitative value on each COs 
attainment level. The author also gave an insight on 
the various assessment tools for measuring each 
course outcomes [5]. Keshav Kumar Arnepalli and 

Kuchu Jayasree (2022), demonstrated a tool for 
assessment of student level student outcomes by 
identifying the strengths of each individual and 
mapping with the individual student career 
progression. In this work, they have compared two 
different assessment tools by considering the merits 
and flaws at course level. One tool was question wise 
attainment and the other tool was student wise 
attainment. The tool that considers the student level 
outcomes was proved to be the promising one [6].

 This paper also attempts to provide a useful 
framework for laboratory courses to the skills of 
engineering students. This paper is organised as 
follows: Chapter 2 discusses on OBE based 
c u r r i c u l u m  a n d  t e a c h i n g  l e a r n i n g  i n 
laboratory/practical courses, chapter 3 dealt with  
OBE based assessment, chapter 4 discusses on the 
course outcome attainment, conclusion with the 
future scope is presented in chapter 5.

2. Obe Based Curriculum and Teaching Learning 
in Laboratory/Practical Courses

 In general, OBE starts from framing the list of 
experiments for the laboratory to meet the Course 
Outcome statements, CO-PO/PSO mapping and the 
methodology used for delivering the experiments 
[7][8]. 

 The first step is to frame the list of experiments for 
the concerned laboratory along with the CO 
statements and CO-PO/PSO mapping matrix. 
Prerequisite and co-requisite requirements must also 
be stated in the syllabus. Irrespective of the 
laboratory/practical courses, the experiments can be 
divided into the four categories (Close ended 
Experiments, Semi Open-ended Experiments, Open-
ended Experiments and Complex Engineering) based 
on the level of handholding provided by the 
teacher[9][10][11][12]. 

 Number of experiments can be in decreasing order 
from closed ended to open ended categories and there 
can be a single complex engineering problem in each 
course. However, weightage for the marks must be in 
the increasing order. Assessment must be at the open-
ended level where the student is allowed to formulate 
the problem statement. Table 1 shows the level of 
handholding by the teacher for each category of 
experiments. 
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 As an example, list of experiments in each of the 
four categories for Digital Signal Processing 
Laboratory (B.E. ECE) is given below:

 Close Ended Experiments - Generation of Periodic 
and non-periodic signals, Determination of Z 
Transform and Inverse Z Transform, Impulse 
response of first order and second order systems and 
Implementation of Linear Convolution & Correlation 

 Semi-Open Ended Experiments -Design and 
Implementation of FIR and IIR filter, Determine the 

frequency contents of a continuous-time signal in the 
discrete-time domain (Spectral Analysis), Design and 
Implementation of Sampling & Reconstruction, 
Design and Implementation of Circular Convolution

 Open Ended Experiments- Design and simulation 
of Modulation & Demodulation, Design and 
Implementation of Discrete Fourier Transform & 
Inverse Discrete Fourier Transform.

 Complex Engineering Problems - Problem 1: For a 
certain application, it is necessary to identify a 

 

Course Outcomes/Type of Experiments Closed 

ended 

Experiments

 Semi Open-

ended 

Experiments

 Open-ended 

Experiments

 
Complex 

Engineering 

Problem

Problem Definition/Formulation

 

(Ability to convert scenario into solvable 

problem statement) 

 
Given

 

Given

 

Given

 

Not given

Design and development of Solution

 

Identifying suitable mathematical 

formula/relationship for solving the 

problem 

 Given

 

Given

 

Not given

 

Not Given

Selecting a suitable algorithm 

 

Having identified the mathematical 

formula, various methods for 

implementing the same have to identified 

and the selection of the best algorithm 

based on various factors (computational 

complexity, scalability, robustness) 
 

Given

 

Not given

 

Not given

 

Not given

Conversionof the algorithm/pseudocode 

in the specified programming language 
 Not Given

 
Not Given

 
Not Given

 
Not Given

Implementation of the program, 

debugging the errors, test cases and 

modifying the program if necessary 
 

Not Given
 

Not given
 

Not given
 

Not given

Collecting the observations, Analysing 

the observed readings and deriving a 

conclusion based on the results.  
Not Given  Not Given  Not Given  Not Given

Comment on the merits, limitations, 

scope and applications of the program  
Not Given  Not given  Not given  Not given

Table 1:  Level Of Handholding For Each Category Of Experiments



CO2: Develop algorithms by identifying the 
mathematical formula/relation

CO3: Develop the program code for the selected (the 
most suitable) algorithm

CO4: Analyse the suitability of the implemented 
program code for various test cases

CO5: Develop the final version of the program by 
retaining the same code/by modifying the program if 
necessary  

CO6: Examine the results to derive conclusions and to 
comment on the merits, limitations, scope and 
applications of the developed program

suitable thermocouple based on its frequency 
response. Develop a suitable code for helping the user 
in this scenario. Problem 2: In forensic department, it 
is necessary to identify the speaker from the speech 
signal. Develop a code for the above scenario.

    The Course Outcome statements are stated in such a 
way that they can be made specific for any 
programming laboratory. These CO statements are 
listed below: Table 2 gives CO-PO mapping for the 
defined CO statements.  

After the end of the course, the students will be able to

CO1: Define the problem statement for the given 
scenario/Real World Problem

Table 2: Co-po Mapping For a Programming Laboratory

Mapping with first four POs (which are assessing the 
knowledge domain) is self explanatory. For PO5 
which is Modern Tool Usage, * indicates that a 
mapping can be done across a CO only if a modern 
tool is used. While developing  the code or program, 
the student must consider the public health, safety, etc 
and economic perspective and hence PO6 (Engineer 
and Society) and PO11 (Project Management and  
Finance) can be mapped. In accordance with the 
recent trends, the code must be developed so that its 
lifetime is at least five years and hence PO7 

(Environment and Sustainability) is mapped. 
Plagiarism in the code must be avoided and hence PO8 
(Ethics) is mapped across those COs. Student must be 
capable of interpreting the results and study its 
advantages, disadvantages and scope of the code. 
Student must be capable of recording the findings in 
his observation and record notebook during regular 
class hours and also during viva voce examination 
with a good attitude. Hence PO9 (Individual and Team 
work) and PO10 are mapped with the corresponding 
Cos [13][14][15][16]. 
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    Having clearly planned the course delivery for the 
syllabus, teacher then proceeds with the student 
centric teaching approach where handholding is done 
is for close ended experiments and guidance is 
provided for the other two groups. Complex 
engineering problem is then given to the students and 
the teacher assesses the overall performance of the 
student. 

3. OBE Based Assessment

  Continuous assessments insist a definite 
methodology for collecting data from the regular 
laboratory experiments, model practical examination, 
End Semester practical Examination. In each case 
performance is measured in terms of student's ability 
to formulate/develop/implement/modify the program 

and his ability to record the observations, analyse the 
recordings, conclude the results and one's ability to 
answer the viva questions. In order to proceed with the 
assessment, it is necessary to formulate the rubrics and 
inform the same to the students in the very beginning 
of the course. 

    As an example, let us consider that out of overall 50 
marks allotted for End Semester Practical 
Examinations, 30 marks are allotted for Written 
Examination (WE), 10 marks are allotted for Viva 
voce Examination (V) and 10 marks are allotted for 
Record notebook (R). Sample rubrics for the 
assessment of PO1, PO2, PO3, PO4, PO5, PO8, PO9, 
PO10 and PO12 along with their impact on the 
calculation of marks under three heads (WE, R and V) 
are explained in Tables 3 and 4. 

Table 3: Sample Rubrics for PO1, PO2, PO3, PO4, PO5, PO8, PO9, PO10 and PO12 
and Corresponding Marks (out of 50)

Performance 
Indicators 

(Examination 
Reform 
Policy, 
AICTE) 
/scales

Poor (0) Fair (1) Good (2) Excellent (3) Marks 

1.4.1

 
Shows minimal or no 
ability to apply 
engineering concepts 

 Shows ability to 
use some
Electronics 
engineering 
concepts 

 

Able to apply most 
of the Electronics 
engineering 
concepts to solve 
engineering 
problems correctly

 

Shows skilful
ability to apply all 
the suitable
Electronics 
engineering 
concepts to solve 
engineering 
problems correctly

 

3 (WE)

 

    

   

2.4.4

 

Shows no interest in 
drawing the
conclusions 

 
Shows interest in 
extracting the 
conclusions and 
could extract 
few conclusions 

 

Identifies the
correct conclusion 
statements and 
limitations but 
could not relate to 
the objectives 

 

Identifies the
correct conclusion 
statements and 
limitations and 
relate to the 
objectives in a 
consistent manner. 

 

3

 

(WE)

 

3.4.1
 

 
Shows minimal or no 
ability to refine 
conceptual design in 
to a detailed design

 

Has an idea 
towards detailed 
design but not 
with the
available 
resources

 

Able to have a 
detailed design with 
available resources

 

Shows skilful
ability to improve 
conceptual design 
in to a detailed 
design with the 
available resources 

 

6
 

(WE)
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3.4.2
 

Unable to get 
information from the 
tests 

Exhibits  
minimal ability 
in getting
information 
from the tests  

Shows ability to 
generate 
information 
through appropriate 
tests with less 
improvisation/ 
revision on design 

Shows ability to 
generate information 

through appropriate 
tests with effective 
improvisation/ 
revision on the  
Design  

6
 

(WE)
 

4.3.3
 

Unable to represent 
data in appropriate 
forms (table or graph) 

 

Uses 
tables/graphs to 
represent data 
but lacks ability 
to analyze data 
properly 

 

Uses tables/graphs 
to represent data 
and analyze data 
properly but unable 
to draw conclusions 

 

Effectively uses 
tables/graphs to 
represent data and 
analyze data 
properly and draw 
conclusions on the 
analysis   

6
 

(WE)
 

5.1.1 Shows minimal or no 
ability in identifying 
the need for modern 
tools  

Shows some 
ability in 
identifying the 
need for modern 
tools  

Can clearly identify 
the need for modern 
tools  

Can clearly identify 
the need for modern 
tools, explain the 
principle and 
application  

3  (WE)  

8.1.1 Shows minimal  or no 
interest in identifying 
situations of unethical 
professional conduct 
(safety procedures, 
cleanliness, punctuality)

  

Can identify 
unethical 
conduct but 
could not 
propose 
alternatives  

Can identify 
unethical conduct, 
propose alternative 
but not following it  

Could clearly 
identify unethical 
professional 
conduct and not 
only propose but 
also follow them  

6 (V)  

9.2.4
 

Breaks down at 
difficult situations

 

Sometimes 
composed at 
difficult 
situations

 

Handles difficult 
situations with at 
most composure but 
could not resolve 
the situations

 

Handles difficult 
situations with at 
most composure 
and dignity and 
provides solutions to
resolve the situations

 

3
 

(V)
 

10.1.1.

 
Unable to read or 
interpret the 
information

 

Reading and 
understanding is 
limited to 
technical 
information only

 

Reading and 
understanding is not 
limited to only 
technical 
information but also 
to non -technical 
information  

Shows skillful 
ability in reading, 
understanding and 
interpreting both 
technical and non -
technical 
information  

3 (V)

 

10.1.2 Unable to write a 
report adhering  to 
standards of
engineering 
documents 

Can produce few 
concepts as 
clear, well
constructed 
manner.  

Most information is 
presented in a clear, 
well constructed 
manner.  

All information is 
presented in a clear, 
well constructed, 
logical, interesting, 
well supported with 
engineering 
documents  and 
novel  sequence and 
is easyto follow.  

6  (R)  
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4.  Course Outcome Attainment-a Discussion

   Data collected as discussed in Section 3 is used for 
the calculation of direct attainment of Course 
Outcomes and a Course End Survey can be used for 
obtaining data for the calculation of Indirect 
Attainment of Course Outcomes. Course attainment 
procedure must also be well defined and approved by 
the appropriate committees at the program level and 
department level. Though there is no hard line in 
fixing the thresholds and levels for the attainment of 
Course Outcomes. However in general, the ratio of 
direct to indirect attainment is 80to 20 in percentages. 
Also while calculating the direct attainment, three 
different levels of attainment are kept as 0,1 and 2. 
Threshold levels and the number of students securing 
a particular window are fixed by the programme based 
on the previous year performance. Also the courses 
are classified into three groups namely ‘easy’, 
‘medium’ and ‘Difficult’ and the thresholds and 
windows are different for different difficulty level of 

the courses. Having unique threshold and window 
levels for each course is not impossible.

5. Conclusion and Future Work

    In this paper, OBE based curriculum, OBE based 
teaching learning and a framework for OBE based 
assessment of laboratory courses is provided in 
authors’ perspective. A mapping between the rubrics 
and marks is also provided along with the Course 
Outcomes and Course Outcome-Program Outcome 
articulation matrix. As the conventional mark split up 
is an even number not divisible by 3, at least for one 
Performance Indicator, the allotted mark is not 
divisible by three which needs an approximation (as 
the scales are 0,1,2 and 3). This can be avoided if the 
mark split ups can be had as a multiple of 3. Though 
the rubrics and framework is provided for software 
laboratory courses, the same can be customized for 
laboratories/practical with hardware experiments. 

12.1.2 

 
Shows no or minimal 
ability in identifying 
the deficiencies 

Shows ability in 
identifying the 
deficiencies but 
lacks knowledge 
in identifying 
information to 
close the gap  

Shows skillful 
ability in 
identifying the 
deficiencies and 
shows some 
proficiency in 
identifying 
information to close 
the gap  

Shows skillful 
ability in 
identifying the 
deficiencies and 
shows extreme 
proficiency in 
identifying 
information to close 
the gap  

5 (V)  

Table 4 : Rubrics To Mark Conversion For Written Examination, Viva Voce and Record

Description/  

split up  Written Examination (WE)  Viva Voce (V)  Record (R)  

Maximum 
marks  30  10  10  

Performance 
Indicators  1.4.1, 2.4.4, 3.4.1, 3.4.2, 4.3.3, 5.1.1  8.1.1, 9.2.4, 10.1.1,12.1.2  10.1.2  

Formula  

Marks_WE=(Total_WE/27)*30  

Where  

Total_WE=(Scale_1.4.1/3)*3 + 
(scale_2.4.4/3)*3 + 
(scale_3.4.1/3)*6 + 
(scale_3.4.2/3)*6 + 
(scale_4.3.3/3)*6 + 
(scale_5.1.1/3)*3  

Marks_V=(Total_V/17)*10  

Where  

Total_V=(scale_8.1.1/3)*6 
+ (scale_9.2.4/3)*3 + 
(scale_10.1.1/3)*3 + 
(scale_12.1.2/3)*5  

Marks_R=(Total_R/6)*10  

Where  

Total_R=(scale_10.1.1/3)*6  
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