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Abstract— Background Study: Covid-19 pandemic had affected thousands of students by the
closure of institutions, which has led to the largest online transition in education history. The
institutions had to adapt quickly to virtual and digital strategies. A new hybrid learning model
has emerged after the pandemic is over, but in addition to this hybrid model, the offline model is
slowly returning to the original. Objective: In this study, we conducted a comparative analysis
over a three-year period 2020 (online mode), 2021 (hybrid mode), 2022 (offline mode) to examine
the effect on the students’ performance for a project-based course, Problem Solving and Design
Thinking. Methods: Descriptive and inferential statistical measures are used and specifically by
using t-test and Welch's ANOVA, it is concluded that over the years there is a significant contrast
in the performance of the online mode compared to the other two modes (hybrid and offline)
across the years. Results: Students’ scores were dropped post pandemic, therefore presenting
that post pandemic scores reveals more precise results about students’ knowledge. This study also
provides insights into how students are performing and how their performance varies across
different modes of education. Conclusion: The findings reveal that the future of higher education
should incorporate a hybrid approach for a better teaching-learning and quality education.

Index Terms— Hybrid mode, Blended Mode, descriptive statistics, offline mode, Welch’s Anova,
Welch’s t-test and Online mode.

|. INTRODUCTION

Since its origination in December 2019, COVID-19 has led to a global catastrophe. Education, like all major
activities, has been severely affected [1]. Students, schools, colleges, and universities are greatly affected. As per
the data from the United Nations Educational Scientific and Cultural Organization (UNESCO), over 800 million
students globally have been impacted. This translates to one out of every five students unable to attend school,
with one in four unable to access higher education classes. Moreover, more than 102 countries have issued
nationwide closures of schools and universities, while an additional 11 have implemented localized school
shutdowns [2]. When we look back at the past three years and the great impact of the pandemic to date, one of the
hardest hit sectors is education. The swift shift to online platforms has caught both the world and educational
institutions unprepared. Schools around the world had responded quickly to the global pandemic by shifting online.
In record time, pupils moved from a physical space that provides social interaction to sitting behind a screen for
hours. The effectiveness of online education is still a matter of debate. Experts examined student retention and
how online learning affects children's development and social skills [3].
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They concluded the effectiveness of online education hinges on the following three factors:

e The availability of internet access and computers for both students and teachers.

e Teachers receive the necessary training to manage online classrooms.

e Provide a platform for personalized learning tailored to each student's learning.

These three situations presented many challenges for schools, universities, teachers, and students — the latter will
have a significant impact on the transition online.

Il. LITERATURE REVIEW

Such educational events caused by epidemics are more likely to occur in the future, affecting students' learning
and performance. Understanding the impact on student learning is critical to a school's emergency preparedness,
especially when creating effective policies for online instruction or assessment. These efforts can help clarify
options for whether to continue online mode, reopen in-person mode, and opt for short-term or long-term
reopening.

Here we focus on three types of learning: online, offline, and hybrid. Hybrid or blended teaching is a combination
of traditional teaching methods, that is, offline teaching and online teaching. University English teachers use
modern information technology to create blended learning to make English lessons more effective [4]. Other
studies show that the results of online learning are not good, and students have trouble adjusting. Offline education
is still the most popular form of education [5]. Similar studies on online and offline hybrid teaching as "PAD"
(Presentation-Assimilation-Discussion) show that teachers play a role of guide in the classroom and students play
the most principal role. This teaching model draws on all learning resources, expands the time and scope of
instruction, and creates collaboration, discussion, innovation, and debate in the classroom [6].

Many online tools have improved the teaching process during the pandemic. All learning depends on the student's
curiosity and the teacher's ability to convey knowledge, as well as the skills of the student and the teacher. The
value of teacher-student interaction in offline classrooms is widely expected [7].

Other studies have implemented hybrid teaching models, combining online and offline approaches in English
classrooms, and analyzed the outcomes while brainstorming potential solutions. The experiments have
conclusively demonstrated that the integration of online and offline teaching is essential and cannot be divorced
from each other. We cannot rely too much on online teaching; We need to carefully use online activities and study
designs to monitor the results of offline teaching. Only by combining online and offline teaching can better results
be achieved, and better skills can be developed [8].

Other studies show that blended activities can increase students' listening scores. Additionally, students'
perceptions of English listening also changed from negative to positive. At the same time, students' interest
continues to grow and learning strategies become more diverse. These discoveries hold significant implications
for the development of English language teaching methods aimed at younger individuals [9].

According to the ARCS motivation model, which focuses on attention, affect, trust and satisfaction, blended
learning surpassed online learning in terms of capturing attention, building trust, and overall satisfaction.
Moreover, blended learning also resulted in higher levels of satisfaction when compared to traditional face-to-face
learning methods [10].

The study revealed that the employed blended learning approach had a favorable impact on student performance.
There may be face-to-face interaction with existing teachers and e-learning with teaching methods. In some e-
learning environments, the absence of a teacher in the classroom can be detrimental, especially when students are
exposed to traditional teaching methods. There is a difference in student performance between the three methods
that support blended learning [11].

Online education has the potential to offer substantial advantages in advancing numerous sustainable education
objectives. For instance, since education is open to students from different cultures, non-formal education is
provided. Additionally, online education applications are often more carbon efficient, providing additional
employment benefits to online education. In addition to these listed benefits, we also need to determine whether
the content of online education is good from the student's perspective [12].

Students' perceptions of their own comfort and performance depend on variables such as lack of online
communication, interest in online course materials, clarification of questions or concerns regarding both, level of
practice, and listening, speaking, and comprehension. and write. Although understanding is gained through online
mode, most students prefer offline learning to online depending on their learning. Learning English offline seems
to be more effective than online learning because students' knowledge, understanding of information,
communication, interaction, and general learning are the same, different between the two types of studies [13].
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In the ever-evolving landscape of today's information technology, an increasing number of courses are
amalgamating online and offline teaching methodologies. So, English teaching methods in vocational schools
should take advantage of the convenience of the internet to obtain more information and improve their English
teaching methods. Secondly, home deliveries and home repairs are done online. Micro classrooms and flipped
classrooms represent innovative forms of online teaching. By recording video, data reusability can be increased
[14].

Online education and offline blended education increase student success. Blended teaching also reduces teachers'
workload; teachers' offline teaching time decreases from 36 hours to 18 hours. Simultaneously, student satisfaction
data also indicate a noteworthy disparity between the online teaching group and the traditional teaching group.
[15]

One of the key features of the blended learning model is that it can improve students' starting point and enable
students to think on their own while learning. University English teachers can utilize software to instruct mobile
English. Learners can also employ mobile devices for fragmented learning. In offline classes, teachers take on the
responsibility of addressing questions and evaluating students' skills, enabling them to actively engage in the
classroom. [16].

Researchers have said that hybrid teaching should continue after the epidemic [17]. With the help of rich teaching
material on the online platform, students can learn and understand independently. While offline communication
can be made between teachers and students and aims to teach students knowledge, foster relationships, increase
student interest, and help promote their education and development [Error! Reference source not found.]. It is
difficult to replace the offline education model with online education model in India. Both models have some
advantages and disadvantages and can complement each other [19].

These Studies have some gaps like these don’t compare all the three modes together and they don’t have proper
analysis of student performance based on their grades and marks. In our study, we have taken proper data for
marks of students in the three modes, we conducted a thorough analysis of the data to draw our study to a
conclusive end.

I1l. PROPOSED METHODOLOGY

In this paper, we delved into the impact of various learning modes on students’ performance in Problem Solving
and Design Thinking course studying in The NorthCap University, Gurugram, India. In this research, we
performed descriptive statistics and inferential statistics on the data set of student’s marks and grades. We used
Python to perform these statistics methods with efficiency. We have used simple and basic descriptive and
inferential statistics to understand the trends in the data. We have compared the performance in the three modes to
get to our results. Fig. 1 demonstrates the statistical methods performed in this analysis.

IV. ABOUT THE DATASET

There were 334 students’ registrations in the online mode, 460 in hybrid mode, and 455 in offline mode. Table |
records the descriptive measures of this dataset. The average marks recorded a decline from 67.27 in online mode
to 64.01 in hybrid mode to 60.40 in the offline mode. Also, a declining trend in the median marks also speaks
about the effects of covid-19 on education from online to offline after pandemic. This shows the student ability to
learn and perform has reduced after pandemic. Whereas the standard deviation seems to show an incremental trend
i.e., from 9.91 in online mode to 13.93 in hybrid mode to 16.36 in offline mode. This implies that the variation of
marks obtained by students are quite less in online mode. The students’ performance was like one another.

TABLE I: STUDENTS’ MARKS DURING THE THREE MODES OF LEARNINGS

Online (2020) | Hybrid (2021) | Offline (2022)
Number of students | 334 460 455
Average marks 67.27 64.01 60.40
Standard Deviation | 9.91 13.93 16.36
Minimum marks 0 0 0
25" Percentile 64.25 58 56
50" Percentile 68 67 63
75" Percentile 72 73 70
Maximum marks 84 87 86
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Bar Charts compare the means of two or more
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Figure 1: Flow chart of methods used to derive results.

V. ABOUT THE COURSE

Problem Solving and Design Thinking course is a project-based course specifically designed for the first semester
Engineering students of The NorthCap University. Various technological online tools with Microsoft Teams
platform have added fun to the online experience of students and teachers. This included Quizizz, Kahoot,
SurveyMonkey, Mentimeter, Padlet, Polly, Canva, Microsoft and google forms, Jam Board, Mind meister, Miro,
Coggle, Flipgrid and many more. Students enjoyed doing individual and group activities using breakout rooms
over Teams. There were two individual assignments, two group presentations, four objective online tests, a
subjective major test, and a group project to assess the overall performance in the course.

They learned to work on various tasks and assigned projects in groups. The students in different groups are given
different real-world problems ranging from psychological, socio-cultural, ecological, social, environmental,
political to any wicked one from sustainable development goals. Using design thinking principles, they developed
innovative ideas for finding solutions for problems, keeping in mind the end user. Using a design thinking mindset
this course touched upon the attitude of the students to make them innovative problem-solvers.

This kind of practice continued in hybrid as well as offline mode. The major difference was the subjective major
test which was conducted in proctored mode using cloud-based online assessment platform Mercer | Mettl.
Whereas in hybrid and offline it was an invigilated pen-paper test.

V1. RESULTS AND DISCUSSION

This study is looking at the effects on the performance of students to compare the three modes of learning i.e.,
online mode, hybrid mode, offline mode. The study examined the disparities in academic performance, specifically
about course grades, among the three modes in the following years 2020, 2021, 2022, respectively.

Fig. 2 shows the density plots of the marks in the three modes, respectively. We can clearly see that during the
online mode the values of the marks are more concentrated than the latter two modes and the mean value decreases
year on year, respectively.

Density Plots

Online(2020 Hybrid(2021) Offline(2022)

Density

Figure 2: Density Plots and mean of marks during the three modes.

Fig. 3 shows the box plot of students marks in the three modes, we could study and learn about the skewness of
the data and the number of outliers in the data from these kinds of plots. We can see that the plot of hybrid mode
is more skewed than the other two modes i.e., this mode leads to a fluctuating student performance. In hybrid mode
there are maximum number of outliers which suggests that in hybrid mode it is difficult to conduct any analysis
because the data has too many outliers.
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Fig. 4 shows the frequency of students in each grade in all the three modes of learning. As we can clearly see that
the number of students failing the course are very less in the online mode of learning (only 1.8% students) but they
have significantly increased when it comes to hybrid mode (5% students) and offline mode of learning (5.3%
students). These statistics have proved that pandemic had a very deep effect on the students performance post
covid. It had effected the ability of students to learn, think, understand, and remember the things taught duruing
the lectures. Moreover, as mentioned earlier, the pen-paper test also led to this finding.
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Figure 3: Box plot and mean of marks during the three modes.
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Figure 4: Bar graph for number of students securing each grade during three modes.

A. Welch’s T-test

This test is used to compare two different means for significant differences. Out of the complete data we have
taken out sample from each mode of learning. Two hundred equal samples have been considered from each mode
of learning. Then these modes of learning are compared two at a time with each other to find out differences in
them. Table I1 illustrates the results of this test.

TABLE Il: RESULTS FOR WELCH'S T-TEST.

Welch’s T-test on t-statistic value p- Value
Online and Hybrid Modes 2.78 0.0056
Online and Offline Modes 5.01 0.00000091
Offline and Hybrid Modes -2.25 0.025

Given that the p-value for the online and hybrid mode is 0.0056, which is below the 0.05 threshold, we can
conclude that a significant difference exists in students' performance between the online and hybrid modes.
Furthermore, the p-value for the online and offline mode is 0.00000091, significantly lower than 0.05, indicating
a substantial difference in students' performance between the online and offline modes as well. And lastly, the p-
value for offline and hybrid mode is 0.0245 which is very much closer to 0.05 therefore, based on the p-value
analysis, we can conclude that there is no significant difference in students' performance between the offline and
hybrid mode which is actually true as discussed in the course description also.

B. Welch’s Anova

This test is used to compare more than two different means for significant differences. Out of the complete data
we have taken out sample from each mode of learning. Two hundred equal samples have been considered from
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each mode of learning. Then these modes of learning are compared at the same time with each other to find out
differences in them. First, we conducted a Bartlett’s test to test for equal variances. Table Il illustrates these test
results.

TABLE I1l: RESULT FOR BARTLETT'S TEST AND WELCH'S ANOVA.

Bartlett’s Test
Statistic value 62.698
p-value 2.427e-14

Welch’s Anova

Source Mode
ddofl 2
ddof2 398.0
F value 5.921260e-28
p-value 1.0

np2 0.0

In Bartlett’s test, we got the p-value as 2.427 x 10 which is less than 0.05 therefore the variances have difference
among them. Hence, we can go for Welch’s Anova.

In the results of Welch's Anova, the p-value is calculated as 1, which is greater than the significance level of 0.05.
Therefore, we can conclude that while there may have been a significant difference in the means when these modes
were compared individually, when all these modes were compared simultaneously, no significant difference was
found.

The above statistical results demonstrates that students have performed well in the online mode but as soon we
started shifting back to the original face to face mode the students’ performance had declined significantly. These
outcomes have shown that the pandemic had a negative effect on the students’ performance and their capacity to
learn and understand things and innovate novel ideas. We can also say that students have found a way to perform
well in the online mode while failing to maintain their performance in the latter two years. This can also lead us to
point out that students might have been involved in using unfair means during exams in the online mode and when
the things came back to normal, they could not continue their unfair practice further, which had led to their poor
performance.

VI1l. CONCLUSIONS

Online education could not effectively compete with traditional offline methods but formed the basis of the
modernization of education. With the effective use of technology, teachers can play an important role in the
assessment of all students. The abundance of high-quality content and well-crafted educational materials available
on various online learning platforms has been one of the most conspicuous changes in education during the
COVID-19 pandemic. However, it has also underscored the irreplaceable value of traditional schooling. Education
is a continuous process aimed at developing children's knowledge, thinking and skills along with emotional
development.

Simultaneously, it's important not to overlook the potential of online education as a valuable tool for imparting not
only informative content but also essential communication skills to students. Leveraging online artificial
intelligence tools, we have the means to effectively address educational disparities among our students. So, we can
focus on a hybrid model of online mode combined with traditional education that will help to better use resources
and meet the need to conserve resources, save time, and protect the environment. Therefore, looking at the holistic
benefit, we can say that the hybrid mode of learning is the best mode of learning for the future because it will lead
to better student performance ensuring that there is no knowledge gap between the students’ learning, and it will
lead to better foundation among the students. This can also help the teacher to reduce the use of unfair means
during the exams. The authorities should prioritize investments in technology infrastructure to ensure equitable
access to online education for all students, bridging the digital divide. Also, the institutions should provide
comprehensive training and support for teachers in using online teaching tools and platforms effectively. As a
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future scope of this research, different courses, subgroups, and different regions data can be taken into
consideration.

CONFLICT OF INTEREST

The authors assert that there are no conflicts of interest.

REFERENCES

[1] Manit Kakkar, Elisha Agarwal, Shaveta Arora, “Epidemiological Covid-19 Outbreak Prediction and Analysis using
Machine Learning”, International Journal of Advanced Research and Innovation, VVol. 8 (2020) 119-124.

[2] Urgent Action Required to curb learning disruption. (campaignforeducation.org), Johannesburg, South Africa, March 18,
2020 https://campaignforeducation.org/en/press-centre/coronavirus-dont-let-our-children-down

[3] Kedia, P. and Mishra, L., “Exploring the factors influencing the effectiveness of online learning: A study on college
students.” Social Sciences & Humanities Open, 8(1), p.100559, 2023.

[4] Maohua, S.U.N., April. “On the “Online and Offline” Hybrid Teaching Mode of College English.” In International
Conference on Mental Health and Humanities Education (ICMHHE 2020) (pp. 108-111). Atlantis Press., 2020.

[5] Singh, P., Sinha, R., Koay, W.L., Teoh, K.B., Nayak, P., Lim, C.H., Dubey, A.K., Das, A., Faturrahman, 1. and Aryani,
D.N. “A comparative study on effectiveness of online and offline learning in higher education.” International Journal of
Tourism and Hospitality in Asia Pasific (INTHAP), 4(3), pp.102-114. 2021.

[6] Chen, H., Zhang, Y., Feng, F. and Liu, N., January. “Online and offline hybrid teaching practice based on “PAD” class.”
In 2019 3rd International Conference on Education, Economics and Management Research (ICEEMR 2019) (pp. 346-
348). Atlantis Press. 2020.

[71 Sharma, D., Sood, A.K., Darius, P.S., Gundabattini, E., Darius Gnanaraj, S. and Joseph Jeyapaul, A., “A Study on the
Online-Offline and Blended Learning Methods.” Journal of The Institution of Engineers (India): Series B, 103(4),
pp.1373-1382, 2022.

[8] Xiaodong, L., 2022. “A Hybrid Online and Offline Approach to Teaching Spoken English Based on Modern Educational
Technology.” Mathematical Problems in Engineering, 2022.

[9] Jiang, Y., Chen, Y., Lu, J. and Wang, Y. “The effect of the online and offline blended teaching mode on English as a
foreign language learners’ listening performance in a Chinese context.” Frontiers in psychology, 12, p.742742, 2021.

[10] Ma, L. and Lee, C.S. “Evaluating the effectiveness of blended learning using the ARCS model.” Journal of computer
assisted learning, 37(5), pp.1397-1408, 2021.

[11] Al-Qahtani, A.A. and Higgins, S.E. “Effects of traditional, blended and e-learning on students' achievement in higher
education.” Journal of computer assisted learning, 29(3), pp.220-234, 2013.

[12] Castle, S.R. and McGuire, C.J. “An analysis of student self-assessment of online, blended, and face-to-face learning
environments: Implications for sustainable education delivery.” International Education Studies, 3(3), pp.36-40. 2010.

[13] Kashinath, K. and Raju, R.L.N. “An Empirical Research on the Effectiveness online and Offline Classes of English
Language Learning based on Student’s Perception in Telangana Schools.” International Journal of Modern Education and
Computer Science, 15(2), p.40. 2023.

[14] Zheng, C., February. “Research on Online and Offline Hybrid Teaching of Higher Vocational Professional English Based
on Network Environment.” In Journal of Physics: Conference Series (Vol. 1744, No. 3, p. 032047). IOP Publishing. 2021.

[15] He, H. and Huang, H.J., December. “An Empirical Study on the Effects of Online and Offline Blended Curriculum
Practice.” In 2022 International Conference on Educational Innovation and Multimedia Technology (EIMT 2022) (pp.
440-450). Atlantis Press. 2022.

[16] Yan, X. and Wang, H. “Exploration of the Online and Offline Mixed Teaching Model in the College English Teaching.”
2021.

[17] Benito, Agueda, Kubra Dogan Yenisey, Kavita Khanna, Manuel Felipe Masis, Rosa Maria Monge, Mehmet Ali Tugtan,
Luis Diego Vega Araya, and Rekha Vig. "Changes that should remain in higher education post COVID-19: A mixed-
methods analysis of the experiences at three universities." Higher Learning Research Communications 11 (2021): 4.

[18] Li, Z. and Tan, Y. “Analysis of the Online and Offline Hybrid Teaching of Traditional Chinese Medicine Classics.” Journal
of Contemporary Educational Research, 6(2), pp.88-92, 2022.

[19] Priyanka, "A Comparative Study Of Offline And Online Mode Of Learning", International Journal of Creative Research
Thoughts (IJCRT), Volume.11, Issue 2, pp.c397-c405, February 2023.

[20] Sharma, D., Sood, A.K., Darius, P.S.H. et al. “A Study on the Online-Offline and Blended Learning Methods.” J. Inst.
Eng. India Ser. B 103, 1373-1382, 2022.

3603



