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Abstract
Almost all the fields of the world suffered a tremendous crisis due to the covid 19 pandemic and especially the
education sector faced a complete transformation into a digital and online form to serve the student community
whereas the majority of students were not prepared for such transformation and struggled a lot. In this study, an
attempt was made to investigate the perception of the students who have undergone the online learning process
during pandemic. A questionnaire concerning various components of the online learning process was prepared
and an online survey was conducted among college students of Chennai, India. Data of 317 valid respondents
subjected to various statistical methods and k means clustering algorithm. The results explored that the mean
ratings of all the components ranged between (3 to 3.6) out of 5 with a standard deviation of (0.98 to 1.28). Some
demographic characteristics such as ‘Income’ and ‘Gender’ had a significant effect on the component ‘Device
and Network’. Further, the respondents are clustered into three groups of (154, 74, 89) students, independent of
all the demographic characteristics, but significantly different with respect to all the components of the survey.
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1. Introduction

World Health Organization (WHO) declared the coron-
avirus outbreak 2019 (COVID-19) a pandemic on February
11, 2020 [1] that threatened millions of people and had a huge
influence on their day-to-day lives across the globe. COVID-
19 was first reported in China (Wuhan) from the day onwards,
the human race has experienced enormous difficulties such
as painful suffering of the disease, untimely sudden deaths of
family members, and finally a complete lockdown. As a result
of pandemic lockdown, thousands of people lost their jobs,
many of the businesses lost and many companies permanently
closed down due to the unprecedented financial crisis [2]. The
educational sector is one of the fields in the world that was
severely affected and experienced a terrific transformation dur-
ing the lockdown period. Almost in all the countries, schools
and universities have started to run all academic activities
such as teaching-learning and assessment exercises online.

Especially in India, all the state governments across the
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country have directed all educational institutions to close tem-
porarily as a measure to contain the spread of the novel coro-
navirus from the second week of March 2020, which is a
crucial time to the whole education sector of the country for
conducting all board exams, university entrance exams, com-
petitive tests and school – college admissions, all of them were
severely affected. In fact, COVID-19 had its first effect on
the education system and learning process, including teaching
and evaluation methodologies. As a result, all educational
institutions across India have embraced the digital teaching-
learning process. Unfortunately, the majority of students were
not prepared for this transformation. Though students had
prior experience in digital learning, they faced unprecedented
stress and challenges such as unavailability of quality devices,
unaffordability of broadband internet network, social isola-
tion, absence of physical activities, etc during this pandemic
period.

The objective of this study to investigate the perception of
the students studying in various higher educational institutions
and colleges of Chennai on the whole online teaching-learning
process what they have been through during the pandemic
period. The following research questions were constructed to
attain the objective of this study

Q1. Is there any significant change in the students’ per-
ception of the online learning experience of the pre-pandemic
to the pandemic period?

Q2. Do the demographic characteristics of the respondents
has any significant effect on their perception of the online
learning process?

Q3. Can students be further categorized into groups with
unique characteristics so that their requirements and chal-
lenges may be exclusively studied?

Necessary data was collected by conducting an online
survey and subjected to various statistical procedures and
tests such as T-test, ANOVA, Tukey’s (HSD), Chi-square,
and also the data were clustered using Elbow method and k-
means algorithm. As a result, the answers to the above-stated
research questions were unearthed and explored. In the rest of
the paper, Section 2 is committed for literature review, Section
3 explains the methodology, Section 4 records the results, and
Section 5 is dedicated to discussions and conclusions.

2. Literature review
Distance education, which started in the mid-eighteenth

century, was developed to compensate for the shortcomings
of conventional education. It progressed quickly from corre-
spondence courses and tapes to the introduction of personal
computers and the use of computer-based multimedia applica-
tions [3]. New technologies and strategies, such as e-learning,
online classes, and teachers, are all helping to increase student
satisfaction in distance education [4]. Since online education
is not limited by geography, students can learn from the best
teachers and attend prestigious institutions irrespective of the
place they live in [5]. Many researchers around the world have
established many advantages of digital learning such as stu-

dents with special needs have unrestricted access to learning
[6] factors such as gender, race, and other physical character-
istics may lead to disagreements between students, but online
education mitigates these issues [7]. Students’ well-being
is aided by digital preparation and an online learning atmo-
sphere rich in content [8]. Plenty of other advantages worth
considering in the online learning process include improved
accessibility, access to services regardless of place or time,
and cost and air pollution reductions, such as carbon dioxide
emissions from reduced traffic [9].

Since online teaching was not a common method of ed-
ucation in schools and universities before the pandemic, the
majority of teachers and students had little or limited experi-
ence with it [10]. Kamali et.al. opined that the importance
of online education in the general public interest is growing
day by day whereas that in educational institutions is declin-
ing. They also accept that providing students with a suitable
network environment was necessary to minimize the nega-
tive effects of online education, and they addressed online
education from the perspective of students [11].

For both students and teachers, digital learning, like any
other form of instruction, has benefits and drawbacks. some
of the disadvantages, such as internet connectivity issues,
low internet service efficiency, and a lack of digital tools
[12]. Biasutti M. stressed the aspects of satisfaction associ-
ated with the use of a collaborative e-learning module, such
as teamwork, concept comparison, application accessibility,
community planning, and workload management, among oth-
ers [13]. Roca et al. looked at how happy people were with
their online learning. The findings revealed that the user’s
understanding of the usefulness and efficiency of the course,
the quality of the platform and website service, and the degree
of anticipated achievement all played a role in their online
learning satisfaction [14]. Hrastinski recorded a fact that “if
we wanted to boost online learning, we needed to improve on-
line learner participation”[15]. Richardson et al. established
the rule that in online learning environments, social relation-
ships and interactions are particularly essential for a positive
learning experience (Richardson et al., 2017) [16]. Hutt et
al. recorded the issue of delayed clarifications for students’
doubts in the online or distance educational system as the
original classroom students can clarify their doubts in person
at the starting or end of each class. [17]. Vikas Gupta and
Namita Jain agree that while online education cannot fully
replace conventional education, it can supplement it by pro-
viding students and teachers with a more nuanced experience
simultaneously, the presence of a hybrid educational model,
in which the best online and online approaches are used, will
provide stakeholders with an optimal experience [18].

3. Methodology

3.1 Participants of the survey
On the whole 323 students studying in various colleges of
Chennai, participated in the online survey conducted through
Google forms to assess the online learning process what the
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students have undergone for the past 8 months. It was in-
formed that the purpose of the survey is for academic research
and the participation is purely voluntary and also the identity
of the participants was kept anonymous. The majority of the
questions in the survey are designed to rate and quantify the
acceptance or satisfaction level of each category or component
relating to the online learning process with respect to the Lik-
ert scale of 1(= very less) to 5 (=very high). This methodology
is adopted because the students of the present era are well
experienced and trained in reviewing various products that
they purchase, services they undergo, and movies they watch
with respect to (1 to 5 ) star measurement, and hence it will
make the process familiar and comfortable to the participants.

3.2 Components of the Questionnaire
After rigorous research on literature and studies of traditional
and online teaching-learning processes, a questionnaire with
six sections and 35 questions was prepared to analyze various
components of the online learning process.

Section 1 records “demographic information” such as
Gender, Age group, Degree Programme, and family yearly
income.

Section 2 categorized into two parts, section 2a consist
of two general questions to rate the students’ overall expe-
rience in the online learning process before and during the
Covid 19 pandemic period. Section 2b possess three questions
about “ Device and Network” to assess the quality of gadgets,
web platform, and network connectivity utilized for online
learning.

Section 3 is equipped with 10 questions that analyze vari-
ous “Components of the teaching-learning process” such as
methodology, understanding of syllabus, content and curricu-
lum, interactions with the teacher and other classmates, and
finally online assessment and evaluation systems.

Section 4 consists of eight questions to assess “Develop-
ment in learning attitudes”, that is to measure the level of
improvement in learning attitudes such as interest, understand-
ing, regularity, focus, motivation, self-discipline, involvement,
and effectiveness.

Section 5 has nine questions to assess “Accessibility, Hap-
piness and Enjoinment” which rates the happiness, conve-
nience, accessibility, and enjoyment of the students in the
online learning process.

Final section 6 possess three questions to rate their “Prefer-
ence for Online over Classroom learning” which is comparing
the online learning process with the traditional (face to face)
learning process.

3.3 Statistical Analysis of the data
After a thorough Investigation, 317 questionnaires out of 323
were selected for further analysis and the remaining 6 declared
invalid. The open-source software R programming was con-
sidered for all the statistical data analysis purposes. Initially,
the collected data subjected to examine the reliability of the
questionnaire using the section-wise Cronbach’ α test (see
table 2), and the results show that the internal consistency

level of each section of the questionnaire is greater than the
minimum acceptable level 0.7 [19]. As explained in Bawa
[20] t-test, the Analysis of variance (ANOVA), Tukey (HSD)
test, Chi-Square test were used in different places to analyse
the data with 0.05 as the level of significance. Further, the
data were clustered using the Elbow method and k-means al-
gorithm to unearth the answers for various research questions
established in previous sections.

4. Results
4.1 Demographic Characteristics of the data
It can be inferred from Table 1 that, among 317 valid re-
spondents of the survey, the majority of them were male 211
(66.6%) and 106 (33.4%) were females, 213 (67.2%) students
were from the income level of ‘below 1 lakh’ and only 31
(10.1%) have more than 3 lakh yearly income, 178 (56.2%)
of them were teenagers in (17 – 19) age group, 125 (39.4%)
belong to (20 – 22) and only 14 (4.4%) in 23 and above age
group, 218 (71.9%) of respondents were science students en-
gaged in B.Sc and M.Sc degree programmes, 63 (19.8%) of
them were computer science students studying in B.Sc (CS)
and BCA programmes in various colleges.

Table 1. Demographic information of the respondents

Variable Category Count Percentage

Gender
Male

Female
211
106

66.6
33.4

Degree
Programme

B.Sc
M.sc

B.Sc (CS)
B.Com
BCA
MA

Others

191
37
55
10
8
6
10

60.2
11.7
17.3
3.2
2.5
1.9
3.2

Family
Income
(yearly)

Below 1 Lakh
1 lakh - 2 lakh
2 lakh - 3 lakh
3 lakh - 4 lakh
Above 4 lakh

213
61
11
13
19

67.2
19.2
3.5
4.1
6

Age
group

17 - 19
20 - 22
geq 23

178
125
14

56.2
39.4
4.4

4.2 Analysis of descriptive statistics
The descriptive statistics of the data show that the mean ratings
of all the components fall in the interval (3, 3.6) (see table
2). In particular, section 3 of the component “components of
teaching-learning process” scores the highest mean of 3.501
with the least S.D (0.982) and section 6 of the component
“Preference for Online over Classroom learning” scores the
lowest mean of 3.004 with the highest S.D of 1.28. Figure 1
displays the component-wise distribution of students against
their ratings.
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Table 2. Descriptive statistics and Cronbach’s α of the data

Sections
Components

of the
Questionnaire

Mean S.D.
Number

of
questions

Cronbach’s
α value

Sec2b Device and Network 3.377 1.044 3 0.83

Sec3
Components of

teaching-learning process
3.501 0.982 10 0.94

Sec4
Development in

learning attitudes
3.484 1.093 9 0.94

Sec5
Accessibility,

Happiness
and Enjoinment

3.407 1.084 8 0.94

Sec6
Preference for
Online over

Classroom learning
3.004 1.28 3 0.84

Figure 1. Component wise distribution of respondents

4.3 Response for the research question Q1
To find the answer for the first research question Q1, a paired
t-test was conducted on the responses recorded by the students
on the two questions of Sec2a. Only 10.8% of students rated
their previous experience in the online learning process with
‘1’, around 77.1% of students scored ‘3 to 5’ for their expe-
rience, which implies that the majority of the students had
a significant experience in the online learning process in the
pre-pandemic period which was compared with their ratings
for their experience during the pandemic period. Results show
that the ratings on students’ experience in the online learning
process are significantly decreased (p=0.0072) during the pan-
demic period, that is, the respondents were much happier with
their pre-pandemic online learning process compare to that of
during pandemic.

4.4 Response for research question Q2
In the search for the answer to the second research question
Q2, various statistical tests and analyses were performed on
the data. Figure 2 exhibits the gender-wise distribution of
the collected data against various components of the ques-
tionnaire. It can be clearly seen that averages of ‘male’ and

Figure 2. Gender wise distribution of respondents against
various components

‘female’ are almost the same in all the components except
in sec2b, that is “Device and Network”. Table 3 represents
the results obtained from the t-test conducted by considering
‘Gender’ as the independent variable and the scores obtained
in various components as the dependent variable. Explicitly
the results confirm that there is no significant difference be-
tween male and female concerning various components except
sec2b (p=0.02515<0.05). that is, the device and network used
by female students were significantly better than that of male
students.

Table 3. Results of t-test for Gender against components

Components Gender Mean t value p value

Sec2b
Male

Female
3.2859
3.5697

2.2545 0.02515∗

Sec3
Male

Female
3.4412
3.6207

1.5797 0.1156

Sec4
Male

Female
3.4425
3.5672

0.9411 0.3477

Sec5
Male

Female
3.357

3.5062
1.16 0.2473

Sec6
Male

Female
3.1446
2.9336

1.4159 0.1582

Further one way ANOVA test was conducted by consider-
ing all the demographic characteristics as independent variable
and scores obtained in various components as the dependent
variable. The various criterion of Income, Age group and
degree programme were analysed and the results are exhibited
in Table 4

Results of ANOVA detailed in Table 4 explores that the
two demographic characteristics ‘Age group’ and ‘Degree
programme’ has no significant effect on students’ perception
of the online learning process concerning any component
of the questionnaire. It can be clearly noticed that ‘Family
Income’ of the respondents had a significant effect on sec2b
(p=0.00512<0.05)and sec6 (p=0.0315<0.05). Tukey’s HSD
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Table 4. ANOVA results of demographic variables against
components of the questionnaire

Demographic
Variable

Components sum.sq mean.sq F value p value

Family
Income

Sec2b
Sec3
Sec4
Sec5
Sec6

15.9
3.57
3.7
5.8

17.2

3.98
0.8936
0.9327
1.462
4.308

3.779
0.927
0.778
1.247
2.687

0.00512∗

0.449
0.54

0.291
0.0315∗

Age
group

Sec2b
Sec3
Sec4
Sec5
Sec6

0.6
2.89
1.8
3.8
1.1

0.275
1.4465
0.896
1.912
0.5641

0.252
1.506
0.748
1.633
0.343

0.777
0.223
0.474
0.197
0.71

Degree
Programme

Sec2b
Sec3
Sec4
Sec5
Sec6

3.4
2.99
13.8
6.4

19.4

0.5639
0.4991
2.301
1.064
3.234

0.512
0.513
1.96
0.903
2.013

0.799
0.798
0.071
0.493
0.0636

Figure 3. Tukey’s HSD graph income against sec2b and
income against sec6

test was conducted on ‘Family Income’ to investigate further
by considering sec2b and sec6 as dependent variables. Class
of “Above 4L” significantly differ from two classes “less
than 1L” (p=0.0045) and “1L to 2L” (p=0.0274) concerning
the component ‘sec2b’, which clearly shows that ‘Device
and Network’ of financially weaker students is significantly
inferior than that of financially sound students (see the first
image figure). Also, no evidence of pair-wise significant
difference occurs in the Tukey HSD test with respect to sec6
(see the second image of figure 4) but the respondents had
a divergent and heterogeneous idea on their preference of
online over traditional classroom learning that is the reason
for p=0.0315<0.05)

4.5 k-means clustering and Elbow method
To answer the research question Q3, the survey data was
further subjected to k-means clustering, which is an unsuper-
vised machine learning procedure that is proficiently engaged

Figure 4. Estimation of the number of clusters using Elbow
method

Figure 5. Survey data clustered using k-means algorithm

for partitioning the dataset under consideration into k groups
called clusters. It is a procedure intended to explore the ob-
scured patterns from the data to anticipate possible activities,
expected trends, and group (cluster) the data based on similar-
ities. The Elbow method is a diagrammatic method used to
identify the optimal number of clusters to be derived out of
the data. The idea is to determine a number ‘k’, the number
of clusters, where the sum of square errors does not signifi-
cantly decrease by increasing the k value. Using the elbow
method the suitable k identified for our survey data is k=3
(see figure 4). By considering k=3, the data were subjected to
the k-means algorithm. The figure 5 shows the clustering of
the respondents into 3 groups. k-means clustering of results
concerning each component of the questionnaire exhibited in
Table 5 and the diagrammatical representation of the three
clusters with respect to each component was displayed in
figure 6.

The diagram in figure 6 minutely explains the position and
level of each group of students belonging to the corresponding
clusters with respect to each component and also the degree
of difference between them. To confirm it further, the Chi-
square test and One way ANOVA test were conducted to
establish the differences between three clusters with respect to
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Table 5. Data clusters against the components of the
questionnaire

Cluster Centroids
Attribute Full Data Cluster A Cluster B Cluster C

sec2b 3.3775 3.3095 2.4594 4.2584
sec3 3.5013 3.4876 2.3081 4.5168
sec4 3.4842 3.5543 2.0152 4.5842
sec5 3.4069 3.3903 2.039 4.573
sec6 3.0042 2.8766 1.536 4.4456

No.of instances 317 (100%) 154 (48.58) 74 (23.34) 89(28.07)

Figure 6. Clusters against various components

demographic variables and components of the survey. Initially
ANOVA tests were conducted by considering clusters as the
independent variable and each component as a dependent
variable. Results detailed in Table 6 confirms that there is
a significant difference among the clusters concerning every
component as shown in figure 6.

Table 6. Results of ANOVA tests for clusters against
components

Components sum.sq mean.sq F value p value

Clusters

Sec2b
Sec3
Sec4
Sec5
Sec6

132.2
197.2
268.1
259.5
346.9

66.07
98.59
134.08
129.76
173.47

97.7
288.5
384.2
363.8
319.3

0.000
0.000
0.000
0.000
0.000

Further to compare clusters with demographic charac-
teristics chi-square test was conducted as both of them are
categorical variable. All the results of the tests are details in
Table 7, which clearly declare that none of the demographic
variables of a student has any influence on his position of
being in any cluster.

5. Discussion and Conclusion
The purpose of the study is to understand and analyze the
students’ perception of the online learning process what they

Table 7. Results of Chi-square test for demographic variables
against clusters

Clusters A B C Chi square value p value

Gender
Male

Female
103
51

56
18

52
37

5.415 0.0667

Family Income

1L-2L
2L-3L
3L-4L

Above 4L
Below 1L

34
4
4

10
102

17
4
5
1

47

10
3
4
8
64

11.96 0.153

Degree Programme

B Com
B.Sc

B.Sc(CS)
BCA
M.Sc
MA

OTHER

1
97
26
3

18
5
4

6
43
10
3

10
0

3
51
19
2
9
1

15.869 0.1973

Age group
17 - 19
20 -22

above 23

80
68
6

47
25
2

51
32
6

4.6389 0.3264

have undergone during the lockdown of Covid 19. Earlier stu-
dents had some experience in learning from the internet such
as youtube and other e-content shared through WhatsApp or
other social media platforms but involving in a full-fledged
learning process in which everything only through online is
completely new to the students. An online survey on six com-
ponents of the learning process was conducted in which 317
valid respondents who study in various colleges of Chennai
city participated.

The data were analyzed in search of an answer for three
research questions established in the earlier sections. Our
findings are

1. Students were more satisfied with their online experi-
ence of learning before Covid 19 lockdown compares to that
during the pandemic period.

2. Two demographic characteristics such as ‘Gender’ and
‘Family Income’ had a significant effect on a few components
of the online learning process. The study on survey data pre-
dicted that female students are significantly satisfied with their
‘device and Network’ facilities utilized in online learning than
that of male students. The students belonging to lower ‘family
Income’ such as (Below 1L) and (1L – 2L) had a significantly
lower satisfaction on the performance of ‘device and network’
than (Above 4L) category students. It may be due to the
quality of the gadgets they used or/and the unaffordability
of quality broadband network during the pandemic period.
Also, students have a lot of differences among themselves
in the ‘Preference for online over classroom learning’, but
the average score (3.004) for this component is significantly
less than that of other components with the highest standard
deviation (1.28). none of the demographic characteristics had
an effect on other components [sec3,sec4,sec5].

3. Students were categorized into three groups (A, B and
C) using k-means clustering algorithm with (154,74 and 89)
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instances respectively. There is no evidence to prove that
any particular demographic characteristic has an effect on any
student to be in any particular cluster. There are significant
differences among students of all three clusters with respect
to each and every component surveyed on the online learning
process. Students of cluster B, 23.34% of the whole, scored
between 1.5 to 2.5 on all the components of the survey and
also the students of cluster A, 48.58% of the whole, scored
between 2.8 to 3.6 on all the components. Only 28.07% of
the students belonging to cluster C have scored between 4.2
to 4.6.

The main limitation of this research work is the sample
selected is only from the few colleges of Chennai, Tamilnadu,
which may not be the perfect representative for other districts
of Tamilnadu or India. However, Chennai is the capital of
Tamilnadu and the students of all over the state study in the
educational institutions of Chennai and hence the reasonable
variability can be expected from the sample of 317 students.

In fact, the online learning process which helped millions
of students to continue their academic journey during the
Covid 19 pandemic period was a great reward of technology
to mankind. It brought top-class educational institutions to
the homes of every individual student. Though some short-
comings were found in this process, they are absolutely man-
ageable and solvable.
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