
ID: pone.0317567 — 2025/3/24 — page 1 — #1

PLOS ONE

OPEN ACCESS

Citation: Sarker Md. J A, Hasan M, Kabir A,
Haque A. (2025) Leveraging artificial
intelligence to assess the impact of COVID-19
on the teacher-student relationship in higher
education. PLoS ONE 20(3): e0317567. https://
doi.org/10.1371/journal.pone.0317567

Editor: Musa Adekunle Ayanwale, National
University of Lesotho, LESOTHO

Received: September 5, 2024

Accepted: January 1, 2025

Published: March 24, 2025

Copyright: © 2025 Sarker et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the
original author and source are credited.

Data availability statement: All data files are
available from github repository in the following
link: https://github.com/Mahmudul-Hasan-
Moon/Teacher-Student-Relationship.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have
declared that no competing interests exist.

RESEARCH ARTICLE

Leveraging artificial intelligence to assess
the impact of COVID-19 on the
teacher-student relationship in higher
education
Md. Juwel Ahmed Sarker1☯, Mahmudul Hasan

 

 

2☯∗, Alamgir Kabir3, Abdullah Haque4

1 Department of Development Studies, Hajee Mohammad Danesh Science and Technology University,
Dinajpur, Bangladesh, 2 Department of Computer Science and Engineering, Hajee Mohammad Danesh
Science and Technology University, Dinajpur, Bangladesh, 3 Department of Sociology, Hajee Mohammad
Danesh Science and Technology University, Dinajpur, Bangladesh, 4 Department of Mathematics, Hajee
Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh

☯ These authors contributed equally to this work.
∗ mahmudulmoon123@gmail.com

Abstract
The teacher-student relationship has far-reaching implications for educational outcomes
at the tertiary level. Teachers contribute to students’ success in various ways, includ-
ing academic support, career counseling, personal mentoring, etc., that help them suc-
ceed academically and professionally. COVID-19 disrupted teacher-student interaction
and hindered the flow of teacher’s support to students. The damage caused by the pan-
demic to the higher education sector has mostly recovered. However, the trusting rela-
tionship between teacher and student is yet to get back to a pre-pandemic stage. Using
stratified sampling technique, we collected nationally representative data from university
students in Bangladesh and examined the relationship between COVID-19 and various
aspects of the teacher-student relationship. We also explored the association between
aspects of the teacher-student relationship and academic outcomes. In our sample, 28%
of respondents are from STEM, and 72% are from non-STEM academic disciplines. We
employed a subset of Artificial Intelligence (unsupervised machine learning) algorithms
K-Modes clustering and Non-negative matrix factorization to cluster the data according to
its internal structure. We created a new analysis technique called Absolute Rate of Fluc-
tuation (ARF) to identify the fluctuations between the variables. ARF can track the fluctu-
ations in any relationship induced by undesirable events such as the COVID-19 outbreak.
We observed a deterioration in the interaction between teachers and students during
COVID-19. However, the class conduction, exam taking, and assessment system were
the most affected areas compared to personal interaction, catering support to students,
and collaborative research activities.
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Introduction
COVID-19 had a detrimental effect on several areas of the education industry, particularly
university teaching [1]. Frequent disruptions occurred with respect to traditional pedagogy,
the assessment system, and overall learning environment. It led to a drastic transformation
in education technology and other areas of teaching and learning, which has profoundly
impacted students’ academic outcomes. The vulnerability of developing countries was dis-
proportionately high and devastatingly affected students’ learning [2]. Many educational
institutions lacked the necessary technology and other resources to continue academic activ-
ities online [3]. Using samples of 30,383 students from 62 countries on the impact of the
pandemic, [4] found that globally, 86.7% of students had to shift to online classes. However,
59.9% of African and 58.2% of Asian students did not have an Internet connection [4]. Thus,
educational institutions remained closed in many countries throughout the pandemic period.

COVID-19 altered students’ social and emotional lives worldwide [5]. The prevalence of
anxiety and depression increased tremendously during that time [6]. Because of this devas-
tating mental health condition, the number of suicides has also increased in various coun-
tries [7]. Due to COVID-19, students and teachers suffered mental health-related issues that
impact their relationships more significantly. According to [8] among university teachers in
Bangladesh, 35.4% went through depression, 43.7% anxiety, and 6.6% stress, respectively,
during the pandemic. [9] observed similar findings for German teachers and principals that
they were exhausted and stressed during COVID-19. Furthermore, COVID-19 also affected
teachers job-specific passions. [10] conducted a study on the pandemic’s impact on Chinese
rural teachers’ job sentiments and saw that teachers’ passion for the teaching profession has
reduced due to teaching stress and career-related stress that arose during COVID-19.

The depressing mental health conditions induced by the pandemic also affected other
socioeconomic domains of teachers’ and students’ lives. It reduced teachers’ productivity, and
willingness to conduct online classes and support students during the pandemic. We also saw
that teachers were not optimistic regarding online teaching. [11] conducted a study in Hong
Kong that shows that teachers were more pessimistic about online teaching than students.
Pessimism regarding online teaching among teachers motivated many not to conduct classes
during the pandemic, ultimately leading to sessions jot in many public universities in devel-
oping countries like Bangladesh. [12] surveyed 1000 individuals to identify triggering factors
of mental stress among university students during COVID-19 and found that 80.6% of private
university students and 77% of public university students in Bangladesh are stressed due to
tuition-related and session jam-related anxiety, respectively. It is likely that session jams, aca-
demic discontinuity, and career uncertainty, which are the core reasons for mental stress for
graduate students, may harm the teacher-student relationship at the university level. Though
the teacher-student relationship in higher education is under research issues, it has great rele-
vance for the academic outcome [13]. Therefore, it is crucial to explore the impact of COVID-
19 on the teacher-student relationship at the university level. To find the relationship and the
effects of COVID-19 on it, we investigate the datasets, and our contribution to this paper are:

• To determine the nature of interactions between teachers and students, we use unsuper-
vised machine learning clustering algorithms on primary data. To better convey the linear
nature of this relationship, we segment it into four distinct clusters.

• We examine the relationship among the pre-COVID-19, during COVID-19, and post-
COVID-19 periods, as well as COVID-19’s impact on the teachers students relationship.
Additionally, in the inter-division of the relationship, we examine how the relationship
varies based on gender, academic division, and period change.
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• To figure out how far an event can cause a change in a relationship, we created a new
approach called Absolute Rate of Fluctuation (ARF) as well as we find out the building
block variables that are mostly to criticize for the change in the relationship, and we talk
about how to reconstruct it.

The following parts of this study are structured as follows: In Sect 2, we look at the previ-
ous works in this field. In Sect 3, we examine the methods and materials. Sect 4 contains the
analysis and discussion of the results. Last, Sect 5 provides the conclusion and future work.

Literature review
Many researchers investigated whether the immediacy of the teacher predicts the effectiveness
of teaching [14]. They conceptualized immediacy as nonverbal behaviors that reduce physical,
and psychological distance between teachers and students and teaching effectiveness as the
ability of a teacher to produce an effective behavioral and cognitive environment congenial
for student learning. The researchers found that teacher immediacy is associated with a 46%
higher likelihood that students would like their course instructor and a 20% greater probabil-
ity that they would enjoy the course content. Immediacy is also related to an 18% increase in
students’ behavioral commitment.

A good teacher-student relationship facilitates the growth of both instructors and students,
especially when it helps pupils make socio-emotional, behavioral, and academic adjustments.
It is also a predictor of students’ academic performance. [15] sees students as the primary
consumers of education, and professors stimulate the development of students’ intellectual
faculty by encouraging their opinions and qualities. Effective advisor-student communica-
tion influences student happiness and prevents academic challenges, resulting in improved
educational assistance. [16] found that fostering a calm and enjoyable learning environment
and developing harmonious teacher-student relationships help students overcome emotional
barriers and learning anxiety. It also improves their learning motivation and autonomous
learning consciousness.

The author delved further into the following questions: 1) What kind of teacher-student
interaction do students want? and 2) What do students consider to be good teaching stan-
dards? The author found that most students consider effective teachers adept at developing
positive relationships with their students, engaging in conversation, and comprehending
students’ academic circumstances.

According to [17], teacher-student interaction is associated with learning, classroom man-
agement, and student absenteeism. They significantly influence both teachers’ and students’
experiences in higher education. According to [18], analyzing teacher-student relations in the
context of higher education is crucial for at least three following reasons:

First, significant human and financial consequences are associated with student dropout
rates worldwide. Improving the teacher-student relationship can help reverse this unfavorable
tendency. Thus, researching teacher-student relationships is pertinent.

Second, university instructors are impacted by the need to fit in. Therefore, as relational
approaches to teaching propose, a healthy “relational classroom environment,” involving
pleasant interactions and relationships, may also have favorable impacts on the teachers them-
selves.

Thirdly, the significance of the teacher-student relationship necessitates thorough consid-
eration given the rising priority accorded to excellence in university teaching as part of the
discourse on “Scholarship in Teaching and Learning.” To facilitate excellence in teaching and
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learning at universities, it is important to investigate the nature, establishment, and conse-
quences of social elements like teacher-student relationships in greater detail.

Teacher-student relationships can be considered a prerequisite for all students’ success-
ful learning. Still, they seem especially important for at-risk students in terms of decisions on
whether to continue their studies or drop out. The need to understand and prevent student
dropout has significantly driven the development of these teacher-student relationship studies
in higher education. Researchers have focused on the extent of academic and social integra-
tion as a deciding factor in whether students stay at or leave university, mainly drawing on
Tinto’s framework (1975) of student dropout.

Still, the number of studies on the teacher-student relationship in the context of higher
education is limited. Researchers less comprehensively and systematically examine this
issue [18]. Furthermore, studies conducted on teacher-student relationships often lack sound
theoretical and conceptual rigor. Thus, there is a knowledge gap regarding teacher-student
relations in higher education. The current research explores various dimensions of teacher-
student relationships, which will help reduce the knowledge gap.

COVID-19 has impacted the teaching and learning paradigm significantly. It has affected
university teaching and learning in at least two ways. Firstly, it disrupted the regular academic
activities of almost every university worldwide, and many could not provide educational facil-
ities for the students. Even so, there was a considerable deficit in the online educational sys-
tem. Universities in developing countries are the worst victims in this regard. In many devel-
oping countries, universities could not smoothly operate regular classes, exams, and other
academic activities during the pandemic. Some universities tried to conduct academic activ-
ities online but struggled with infrastructural backwardness, while others remained shut
throughout the crisis. In particular, most Bangladeshi universities remained closed during
the entire COVID-19 period. This academic deadlock led to the academic year loss of the
students and, subsequently, strained teacher-student relationships.

Secondly, COVID-19 disturbed the teacher-student support mechanism for university
graduates. Teachers typically provide students with various supports, such as career guidance,
research supervision, mental health-related support, personal mentoring, and so on, to help
them cope with adversity. However, COVID-19 hampered those supportive activities and
disrupted offline communication between students and teachers.

Furthermore, Atle Fretheim et al. (2021) performed a cohort study among students in
higher education in Norway [19]. An uncorrected bi-variate analysis was performed using
a sample of 26754 students across 14 different institutes of higher learning to determine
whether in-person or online instruction was used. The researchers caution that the associa-
tion between in-person instruction and a reduced risk of contracting COVID-19 during the
study duration is weak (22% relative difference; 95% CI -77%-33%). There was a positive cor-
relation between in-person instruction and quality of life (3%; 95% CI 2%-4%; and teacher
satisfaction (10%; 95% CI 8%-11%); There was much doubt about whether or not COVID-19
infection was linked to the style of instruction. The well-being of college students appears to
suffer due to the shift from face-to-face to online instruction. They did not find clear evidence
of an association between COVID-19 infection and teaching modality for students in higher
education. Still, their findings indicate that shifting from in-person to online teaching may
negatively impact students’ well-being. Consequently, we saw the mental health condition of
university graduates deteriorate during the pandemic.

There is a high chance that the mental health conditions of the students may further exac-
erbate after the COVID-19 period because of the worsening teacher-student relationship
and burgeoning academic distress. Thus, it is important to critically assess the teacher-
student relationship in the context of COVID-19, especially in developing countries such
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as Bangladesh. Furthermore, teachers can also play a significant role in repairing the dam-
age done to higher education in developing countries. Unfortunately, little research has been
conducted on the teacher-student relationship at the tertiary level. To date, no study has
been found on the impact of COVID-19 on teacher-student relationships at the university
level. Therefore, this study will significantly contribute to the knowledge world regarding the
paradigm of COVID-19 in higher education in developing countries.

Methodology
Overview of proposed methodology
To find the relationship between teacher and student and how COVID-19 as an event
influenced the dramatic change, we use AI-based tools with Explanatory Data Analysis
(EDA) [20]. A step-by-step top-down approach to our proposed methodology is present in
Fig 1. Primary raw data was collected by a questionnaire that captures the answer of a sin-
gle variable three consecutive times one for before COVID-19, one for during COVID-19
and another one for after COVID-19. There is a major reason behind this data collection.
Because we could only see the disruption in teacher-student interaction during the pandemic
and sense its negative impact on the teacher-student relationship after that certain period of
time. Thus, we could not conduct the survey before or during COVID-19 and had to rely on
retrospective data collection. We collected data three months after classes resumed follow-
ing the pandemic. As, data collection time was within few months following the pandemic,
we suppose respondents provided reasonably accurate information. After collecting the pri-
mary data, we cleaned the dataset and finalized it encoding the questions to unique code for
each major group. The final dataset undergoes a basic preprocessing technique to be stan-
dardized for analysis by AI-based tools. The whole analysis is mainly divided into two major
parts. Firstly, we perform a comparative study among the variables of the major groups by
proposing a new technique called Absolute Rate of Fluctuation (ARF). In addition to the
major group change analysis, the variables inside individual major groups are also considered
in the analysis. Secondly, we use the unsupervised machine learning algorithm K-Modes clus-
tering [21] and Non-negative Matrix Factorization (NMF) [22] to cluster the data into several
groups considering the internal correlation of the variables suggested by the Elbow method
(For K-Modes Clustering). Then we compare this average score achieved by individual vari-
ables based on gender, department, and change of time (before covid, during covid, and after
covid). Based on the analysis, we make different decisions and find the dimension of the rela-
tionship in the three-time domain. The details of the algorithms and proposed ARF method is
in Sect.

Details of dataset
This study considers Bangladesh’s public and private universities as the field of data collection
using a questionnaire. Total of 401 participants from both STEM and non-STEM departments
where both male and female students provide their information. We have collected data from
different universities from 25 December 2022 to 2 February 2023. We took the writing con-
sent from the participants during the data collection process. The details of the variables with
their acronyms are in Table 1.

In our dataset, we have collected some demographic information about the students. The
demographic information included with ‘Age’, ‘Gender’, ‘University’, ‘Department’. Statis-
tics shows that the mean age of the participants are 22.73 (23), as we mainly take the data
from university students. Among the participants 40.25% are male and remaining 59.75% are
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Fig 1. Overview of proposed methodology from data collection to analysis. This methodology finds the change in
the teacher-student relationship due to the COVID-19 pandemic.

https://doi.org/10.1371/journal.pcbi.0317567.g001

Table 1. Teacher-student relationship questionnaire variables with descriptions.
Question Pre-Covid During

Covid
After Covid

Taking Class regularly PCC1 DCC1 ACC1
Conducting their class as per schedule PCC2 DCC2 ACC2
Opportunity for students to participate spontaneously in class PCC3 DCC3 ACC3
Adequate preparation before the start of class PCC4 DCC4 ACC4
Provide adequate reading materials (books / sheets) PCC5 DCC5 ACC5
Classroom comprehension skills PCC6 DCC6 ACC6
Role of University Authority to eradicate session Jot PCC7 DCC7 ACC7
Role of your department teachers to eradicate session Jot PCC8 DCC8 ACC8
Taking midterm, quiz etc. PTEA1 DTEA1 ATEA1
How are your teachers evaluating students? PTEA2 DTEA2 ATEA2
Give feedback in class about your test results PTEA3 DTEA3 ATEA3
Opportunity to get advice from teachers PTEA4 DTEA4 ATEA4
How student friendly are your teachers? PIS1 DIS1 AIS1
What is the status of regular contact with teachers? PIS2 DIS2 AIS2
How to help your teachers in skill development and career PIS3 DIS3 AIS3
How much help you get in academic matters outside of class? PIS4 DIS4 AIS4
What is the role of teachers in your crisis? PIS5 DIS5 AIS5
How to rely on teachers in stressful or stressful situations? PIS6 DIS6 AIS6
How satisfied you are with the academic performance of the teachers PARA1 DARA1 AARA1
How satisfied you are with the research work of the teachers PARA2 DARA2 AARA2
What an opportunity for students to be involved in teachers’ research work PARA3 DARA3 AARA3

https://doi.org/10.1371/journal.pone.0317567.t001

female. We main conduct survey in four reputed university in Bangladesh, where 50.75% of
data are from Hajee Mohammad Danesh Science and Technology University, 24.5% data from
Rajshahi University, 22.25% data from Begum Rokeya University, Rangpur, and 2.5% data
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from Rajshahi University of Engineering and Technology. In the dataset, we found 14 differ-
ent department combining STEM, and non-STEM departments. We found almost 22% data
from sociology, 13.25% from social work. This two are huge non-STEM categories data. Addi-
tionally, the dataset contain Psychology 4%, Mechanical Engineering 4.75%, Mathematics
7.5%, Marketing 6.75%, Agriculture 0.75%, Accounting 9.5%, Civil Engineering 1.25%, Com-
puter Science and Engineering 1.25%, Electronics & Communication Engineering 11.75%,
Development Studies 6.25%, English 10%, and Economics 1%. In totla, we have found 28%
data are from STEM and 72% from non-STEM.

Dataset participants and survey area
In our dataset, we have collected data from the student parts. We did not interview teachers
mainly for three reasons. Firstly, interviewing teachers could potentially lead social desir-
ability bias. Most of the Universities in Bangladesh remained shut and almost all of these did
not conduct classes (offline or online) throughout the COVID-19 period. In absence of effec-
tive institutional support for students during pandemic, it was expected that teachers would
maintain a close communication with their students and support them both academically and
emotionally. Therefore, asking teacher whether they maintained regular communication and
provided supports to their students could lead to social desirability bias in survey response.
Secondly, asking teacher about teacher-student relationship could generate an incomplete
or confusing picture of true phenomenon. Student-teacher ratio in Bangladesh is around 23
(considering both public and private university). Even if a teacher maintained communication
with only one or two students and truthfully reports that they stayed in touch with students
during COVID-19, it becomes challenging to determine what proportion of students had
regular communication and received consistent support from their teacher. Thirdly, we did
not include teacher interviews because our focus was on students’ experiences and satisfac-
tion, which are central to the teacher-student relationship and cannot be adequately captured
through interviews with teachers. Interviewing teacher merely could provide us informa-
tion regarding the frequency of interaction between teacher and student. However, it is diffi-
cult to gauge experience or satisfaction of students during that time. On the contrary, inter-
viewing students could sufficiently provide us frequency and quality of the teacher-student
relationship.

Description of the algorithms used in this study
Absolute rate of fluctuation (ARF) Absolute Rate of Fluctuation (ARF) measures the

fluctuation of two individual variables over a different period. In this study, we divided the
questionnaire three times based on COVID-19. Every variable under a section is taken for
pre-COVID-19, during COVID-19, and after COVID-19. ARF indicates the change of the
variables according to the change of time. We need to do some pre-calculation to find the
ARFs among the three-time period under a section. Firstly, the following equation calculates
the average score obtained by a participant from the variables in a period under a section. It is
denoted by the average score of a participant (ASP) in a time under a section.

ASP =
∑n

i=1 Xi

n
where,
n = number ofvariables under a section
X = variable of index i (1)
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Then, the average of the ASP is calculated for all the participants in a period of time under
a section. The average value of a time period under a section is denoted by the average period
score (APS). The equation to calculate APS is below:

APS =
∑m

i=1(
∑n

i=1 Xi
n )j

m
(2)

We can reform the equation from Eq (1), we can represent APS as,

APS =
∑m

j=1(ASP)j
m

where,
n = number of variables under a section
m = number of total observations
X = variable of index j (3)

We calculate the APS for each period under every section for further analysis. We need
the degree of measurement to find the ARF between two different periods. For five scale Lik-
ert Chart, the degree is five; for the three scales, the degree is 3. Finally, ARF is come out by
Eq (4).

ARF = |(APS1) – (APS2)|
c

∗ 100

where,
APS1 = average of period 1
APS1 = average of period 2
C = degree of measurement (4)

K-Mode clustering
K-Modes clustering is an unsupervised ML algorithm that divides an unlabeled dataset
into distinct clusters to create the level of the data. The cluster is determined by the num-
ber K, where K is the number of pre-defined clusters that must be created [23]. The k-modes
algorithm replaces cluster means with the modes of different features accordingly. It uses a
frequency-based method to update modes during the clustering process to deal with category
objects and reduce the clustering gradient descent. K-modes cluster uses a randomly selected
starting cluster center (modes) as a seed. This leads to problematic clustering results that often
depend on the choice of the beginning cluster center and the possibility of getting cluster
structures that don’t repeat individuals [24]. The k-mode technique extends the K-mean pat-
tern to cluster categorical data by eliminating the limitation forced by K-means [14] following
modification:
● Using simple match dissimilar evaluate or hamming the distance used for the categorical

data object.
● Change means of cluster modes

d(x, y) =
f

∑
i=1
𝛿(xj,Yj) (5)
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Fig 2. Clustering view of KModes clustering.

https://doi.org/10.1371/journal.pcbi.0317567.g002

d (x, y) gives equal significance to every kind of attribute. Let Z be a set of categorical data
objects described by categorical attributes, A1, A2 . . . . . .. Am. while the above is used because
the dissimilarity determine for categorical data objects, the cost function become

C(Q) = (∑
i
= 1)nd(Zi,Qi) (6)

Where Zi is the ith element and Qi is the near cluster center of Zi. The K-modes technique
minimizes the cost Function defined in Eq 6.

The following processes make up the K-modes, which presuppose that the information
regarding the number of probable groups of data (i.e., K) is accessible:

• Step 1. Choose data objects randomly to create K clusters; for each cluster, choose the cen-
ter of the first cluster.

• Step 2. Assign data objects to the cluster whose cluster center is near it according to the cost
function.

• Step 3. Update each cluster’s K cluster based on the distribution of data objects and calculate
the K clusters’ most recent modes.

• Step 4. Repeat steps 2 to 3, awaiting no data object has changed cluster relationship.

ElbowMethod: In cluster analysis, the elbow method is a heuristic for estimating the total
number of clusters in a dataset [25]. To determine the optimal number of clusters, we plot the
explained variation against k and take the elbow of the curve. The elbow approach determines
the optimal number of clusters in k-means clustering. The elbow approach plots the value of
the cost function by changing the value of k. Parameters in other data-driven models, like
the number of primary components representing a data set, can be selected in the same way.
Instances get closer to their cluster centers, the number of component examples in each clus-
ter reduces, and the average distortion decreases as k increases [26]. If we continue to cluster
the data past the elbow, the value of k at which the improvement in distortion drops down the
highest, we will likely miss important patterns.
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Fig 3. Optimal K value identification recommended by Elbow method.

https://doi.org/10.1371/journal.pcbi.0317567.g003

NMF
NMF is a relatively new way of reducing the dimensionality of our data into a linear combi-
nation of bases [27]. Non-Negative Matrix Factorization is a cutting-edge feature extraction
algorithm. When there are many attributes and the attributes are unclear or have poor pre-
dictability there, NMF is helpful. It can create significant patterns, subjects, or themes by com-
bining attributes. NMF has a non-negative constraint; it can be used to represent data with
non-negative features quite well [28]. It constructs sparse bases and weightings that assume
underlying structure to the data and is used as a dimensionality reduction pre-processing step
in classification, regression, clustering, and other data mining strategies. NMF enhances com-
pression and interpretability due to its parts-based and sparse representation from the non-
negativity or purely additive constraint [29]. One obvious disadvantage of using this for data
representation is that it misses the geometric structure of the data.

Result and discussion
To determine the relationship between teacher and student, we divide the variables into four
different major groups (Class Conducting (CC), Taking Exam and Assessment (TEA), Inter-
action and Support (IS), and Academic and Research Activity (ARA)). The variables of each
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group are interrelated with each other’s also the variables of different groups are correlated.
We use Pearson correlation, and the correlation values represent by a heatmap in Fig 4. Dif-
ferent intensity of the color represents the strength of correlation. If we look at the heatmap
from a different point of view, we will get some interesting scenarios hidden inside the map.
The variables of pre-COVID-19 have a good correlation among themselves. Also, the correla-
tion during and after COVID-19 variables are correlated in a good manner among themself.
But the relationship between pr-COVID-19 and COVID-19 is not as good as before. It indi-
cates the fluctuations of the relationship during this pandemic. After and pre-COVID-19 vari-
ables have a good correlation that indicates the fallen situation is being recovered gradually.
The proposed methodology analyzes and represents the stories in the next sections.

The teacher-student ratio (TSR) always shows negative correlation with the pre, during and
post Covid variables. When there is a huge different between the number of teachers and stu-
dents (High TSR), the class conducting situation, assessment and exam, personal interaction,
and involvement of research and academic activities effects negatively.

Fig 4. Heatmap of the variables to represent the correlation among the variables in three time period.

https://doi.org/10.1371/journal.pcbi.0317567.g004
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Analysis to find the impact of COVID-19 on teacher student relationship
To find the relationship between the teacher-student and the fluctuations that appeared due to
COVID-19, Table 2 represents the result of four major groups. All the variables are seen to be
down from the pre-COVID-19 situation to during COVID-19 situation. But after COVID-19,
all of them recovered in a significant manner. Table 2 appears that the fluctuation rate of Tak-
ing Exam and Assessment (TEA) is 27.84% in pre to during covid, which is maximum than
others. During COVID-19 situation, it also recovered to 27.15%. But there remains 0.69%
lacking. But in the Pre-COVID-19 situation, we can see that Academic and Research Activity
(ARA) and Interaction and Support (IS) get minimum values of 3.10 and 3.18, respectively.
It indicates that before COVID-19, the personal interaction and involvement of the students
in their teacher’s research activities are not in a good stage. But the situation has changed and
improved after the COVID-19 situation. The Class Conducting (CC) and TEA have an aver-
age score of 3.59 and 3.44, respectively, which is better than the other major groups. Though
there was a simple lack, they have recovered after the COVID-19 situation. But the fluctua-
tion in COVID-19 is really going down in a significant manner. Due to COVID-19, a great
gap was created, and both teachers and students are concerned about the issue. Though TSR
is a major issue in academic, everyone is conscious and take the necessary step willingly
to recover the gap. It indicates that the COVID-19 situation has a negative impact on the
teacher-student relationship and creates a positive impact in some sectors than previously.
Fig 5 represents the fluctuations by a bar diagram.

Table 2. Achieving score and ARF for four different clusters of the variables in pre-COVID-19, during COVID-19
and after COVID-19 period.
Major Groups Pre Covid During Covid After

COVID-19
Pre to During
COVID-19 (%)

During to After
COVID-19 (%)

Pre to After
COVID-19 (%)

CC 3.59 2.63 3.58 19.16 18.93 0.23
TEA 3.44 2.05 3.40 27.84 27.15 0.69
IS 3.18 2.47 3.23 14.21 15.30 1.09*
ARA 3.10 2.41 3.15 13.92 14.65 0.74*

https://doi.org/10.1371/journal.pone.0317567.t002

Fig 5. The change of the four major variables in the three-time period represents the fluctuation of the
relationship between teacher-student.

https://doi.org/10.1371/journal.pcbi.0317567.g005
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Now, focus on the individual variables of each cluster. The eight CC variables show a dra-
matic picture in the three periods in Table 3. Before the COVID-19 period, most of the vari-
ables have a good score except CC7 and CC8, which represent the responsibility of the teach-
ers and university authority to mitigate the session jot. In Bangladesh, session jot is a com-
mon problem in most public universities, and private university students are unknown on this
issue. Also, the authority is irresponsible in this segment. Also, the teachers ignore this prob-
lem before COVID-19. Due to a lack of interaction, and online classes and exams, these two
variables’ scores fall significantly. But, the improvement of these two variables after COVID-
19 is remarkable and dramatic. The teachers and university authorities rank it as one of the
major problems, and they take some necessary steps to mitigate it. The score rises 5% in CC7
and 3.87% in CC8. In CC5, the capability of the teachers to understand the students in class
is stable at three separate times. It indicates that online classes can be an alternative when
such kind of events as COVID-19 arise up. But, the variable CC1 means the regular class
conducted by the teachers affect more negatively than others. From pre-COVID-19 to dur-
ing COVID-19, is fall at 31.23% rate, and after COVID-19, it recovers 28.72% but still 2.51%
lacking in this part. It is alarming that the rate of regular students in class is decreasing after
the COVID-19 period. Students are losing their interest in class after the situation. Also, the
materials supply of the class decreased after COVID-19, and teachers were not taking good
preparation before class both before COVID-19 and after COVID-19, as scored by the partic-
ipants of this study. Overall analysis shows that COVID-19 has a mixed effect on the variables
of this CC segment.

The fluctuation rate before COVID-19 to COVID-19, during to after COVID-19, and
before COVID-19 to after a bar chart visualizes COVID-19 in Fig 6, which shows the fluctu-
ation rate of three segments of the variables CC1 to CC6. All of these six variables’ recovery
rate is still below the falling rate. Another two CC7 and CC8 variables of this segment repre-
sent separately in another figure in Fig 7. These two variables rise up then another variable,
and this figure represents the positive impact of COVID-19.

Variables of the TEA cluster achieve low scores than CC clusters variables in all of the
three-time domains. Table 4 indicates the achieving score of the variables in pre-Covid and
after-COVID-19 are almost the same. That means the relationship in this segment is stable
now but still has some gap. Due to online-based exams and assessments, the variables score
in during COVID-19 are not at a good level. Timely class tests and midterms fluctuate more
downward than others. After COVID-19, it is in his previous state through the achieving
score in any state is not satisfactory. Teacher feedback on assignments, midterms, and quizzes
is really at a low level now and then. Students can not get the obtained marks timely, which

Table 3. Achieving score and ARF for the variables of CC clusters in pre-COVID-19, during COVID-19 and after
COVID-19 period.
Conducting
Class (CC)

Pre Covid During Covid After
COVID-19

Pre to During
COVID-19

During to After
COVID-19

Pre to After
COVID-19

CC1 3.93 2.37 3.80 31.23 28.72 2.51
CC2 3.48 2.47 3.41 20.28 18.85 1.43
CC3 4.12 2.91 4.00 24.30 21.85 2.45
CC4 3.66 2.76 3.51 16.16 15.09 1.07
CC5 3.81 3.03 3.66 15.65 12.63 3.02
CC6 3.85 2.91 3.81 18.65 17.94 0.71*
CC7 2.80 2.15 3.05 12.89 17.89 5.00*
CC8 3.19 2.46 3.39 14.63 18.50 3.87*

https://doi.org/10.1371/journal.pone.0317567.t003
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Fig 6. The fluctuations of class conducting variables in pre COVID-19, during COVID-19 and after COVID-19
period.

https://doi.org/10.1371/journal.pcbi.0317567.g006

Fig 7. Relationship of the variables of CC in pre COVID-19, during COVID-19 and after COVID-19 period.

https://doi.org/10.1371/journal.pcbi.0317567.g007

Table 4. Achieving score and ARF for the individual variables of TEA clusters in pre-COVID-19, during
COVID-19 and after COVID-19 period.
Taking Exam and
Assessment (TEA)

Pre Covid During
Covid

After
COVID-19

Pre to During
COVID-19

During to After
COVID-19

Pre to After
COVID-19

TEA1 3.43 2.32 3.42 22.21 22.01 0.20
TEA2 3.57 2.87 3.55 13.86 13.58 0.28
TEA3 2.98 2.19 2.97 15.89 15.59 0.30
TEA4 3.78 2.82 3.68 19.15 17.19 1.96

https://doi.org/10.1371/journal.pone.0317567.t004

negatively affects the final exam, and it is a major factor in getting a bad academic result.
TEA4 scored better than other variables, indicating that students had a good scope to get sug-
gestions from teachers. It fluctuated badly during COVID-19 at 19.15% rate and recovered at
17.19% rate; still, the gap between the two states is 1.96%. Fig 8 shows the fluctuation of the
three individual times.

Interaction and Support (IS) is one of the major clusters in teacher-student relationships.
The previous two cluster (CC, TEA) is directly involved with the teachers, who take their
course directly. But this cluster is not based on the context. Any teacher at the university
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Fig 8. Changes of the variables of TEA in three time periods.

https://doi.org/10.1371/journal.pcbi.0317567.g008

Table 5. Achieving score and ARF for the individual variables of IS clusters in pre-COVID-19, during COVID-19
and after COVID-19 period.
Interaction and
Support (IS)

Pre Covid During Covid After
COVID-19

Pre to During
COVID-19

During to After
COVID-19

Pre to After
COVID-19

IS1 3.61 2.85 3.60 15.29 14.99 0.30
IS2 3.25 2.39 3.29 17.14 18.11 0.97*
IS3 3.19 2.42 3.26 15.29 16.74 1.45*
IS4 2.89 2.13 2.96 15.19 16.59 1.40*
IS5 3.05 2.47 3.14 11.43 13.38 1.95*
IS6 3.09 2.54 3.15 10.93 12.08 1.15*

https://doi.org/10.1371/journal.pone.0317567.t005

can be considered as the analysis factor for these variables. The score achieved by individ-
ual variables is average in Table 5, but IS4 means the help of the teachers out of academics
gets the minimum score of 2.89. The maximum score achieved in this cluster by the variable
IS1 is 3.61. It indicates the teachers are student-friendly and its score after COVID-19 is 3.60
which indicates the stability of this relationship. Communication with teachers fell during the
COVID-19 period as the lockdown and the university was shut down for a long time. Though
the strength of the relationship between teachers and students is not stronger in this clus-
ter almost all the variable score gets up. This indicates the positive impact of COVID-19 on
teacher students’ relationships. In this critical period like COVID-19, teachers are more con-
cerned about their students. They support them mentally as well as sometimes economically.
The growth of IS5 variables is more than other variables that can define this claim. Also, stu-
dents are getting more support to develop skills and getting proper guidelines from teachers.
Support of the teachers outside the classroom also increases at a 1.40% rate. This improve-
ment is amazing for building a good relationship in these types of sectors, where the strength
of the relationship improves the quality of education. The rate of fluctuation is represented in
Fig 9.

The last cluster is Academic and Research Activities (ARA). It contains three variables,
and the achieving score is not satisfactory in pre, during, and after the COVID-19 period in
Table 6. Though students have some idea and understanding of the academic activities of their
teachers, there is a large gap in the research domain. Students are slightly satisfied with their
teacher’s research work but think the scope of involvement in it is unavailable. During the
COVID-19 period, all three variables fall. In this segment, we can see the improvement in
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Fig 9. Fluctuation of the IS variables in three time periods.

https://doi.org/10.1371/journal.pcbi.0317567.g009

Table 6. Achieving score and ARA for the individual variables of IS clusters in pre-COVID-19, during
COVID-19, and after the COVID-19 period.
Academic
and Research
Activity (ARA)

Pre Covid During Covid After
COVID-19

Pre to During
COVID-19

During to After
COVID-19

Pre to After
COVID-19

ARA1 3.38 2.58 3.44 16.04 17.24 1.20*
ARA2 3.10 2.52 3.08 11.48 11.12 0.35
ARA3 2.85 2.14 2.91 14.24 15.59 1.35*

https://doi.org/10.1371/journal.pone.0317567.t006

the score of the variables. It indicates that students are getting interested in research work. A
graphical representation of this segment is in Fig 10.

Gender and academic subject wise distribution
To show the fluctuation of the relationship we use K Mode Clustering and NMF methods
that divide the students into three distinct cluster namely Less Fluctuation, Middle Fluctu-
ation and High Fluctuation of relationship. Gender is considered as a major factor to deter-
mine the fluctuation in the three cluster. In Less Fluctuation, male is 34.86% which repre-
sents 15.89% of the total male student. In Medium Fluctuation, male is 64.58% which cap-
ture almost 38.91% of total male student. Also, in High Fluctuation group, 73.47% are male
which 45.18% of the total male students is. On the other hand, in Less fluctuation, female is
65.14% which is 44.09% of the total female. At the same time, in Medium Fluctuation, female
is 35.42% which represents the 31.42% considering the total female. In High fluctuation of
changes, 26.53% are female which represents 24.22% of the total female students.

The above Table 7 indicate, in less fluctuation, the percentage of female is higher than the
male students. It indicates that due to COVID-19, teacher-student relationship changes in
Less Fluctuation group like a way that the percentage of female is higher than male. But in
medium and high fluctuation group, we get an opposite scenario. Percentage of female is
lower than male in these two groups. It shows that, due to COVID-19 the relationship fluctua-
tion of female is better than male fluctuation rate.

If the analysis undertakes based on four major groups, we get an interesting story. We
divide the above table into different parts based on fluctuation that shows in Less Fluctuation
for gender variation. Table 8 displays the average and individual values of the major clusters,
which are CC, TEA, IS, and ARA, that have a significant change in gender perspective from
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Fig 10. Relatonship of the ARA variables in three different time period.

https://doi.org/10.1371/journal.pcbi.0317567.g010

Fig 11. Chain representation of teacher-student relationship.

https://doi.org/10.1371/journal.pcbi.0317567.g011

Pre Covid to During, During to Post COVID-19 and also pre-post situation. For the major
four clusters, the average value for male is 3.83 and for female is 4.00. But During COVID-
19, it is fluctuated for both male and female and represents 2.83 and 3.13 accordingly. In Post
COVID-19 situation, the average score for male is 3.89 and for female is 4.11. It indicates the
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Table 7. Distribution of Male and Female in a different group of fluctuation.
Less Fluctuation Medium Fluctuation High Fluctuation

% Of total observation 27.25 36.00 36.75
Male 34.86(15.89) 64.58(38.91) 73.47(45.18)
Female 64.14(44.09) 35.42(31.67) 26.53(24.22)

https://doi.org/10.1371/journal.pone.0317567.t007

Table 8. Gender wise achieving score for less relation fluctuation group.
Major Groups Pre Covid During Covid Post Covid Male Female

M F M F M F P1-D D-P2 P1-P2 P1-D D-P2 D-P2
CC 4.01 4.22 2.98 3.40 4.06 4.31 20.60 21.60 1.00 16.40 18.20 1.80
TEA 3.81 4.08 2.37 2.62 3.83 4.22 31.80 29.20 0.40 29.20 32.00 2.80
IS 3.75 3.89 3.05 3.25 3.85 4.00 14.00 16.00 2.00 12.80 15.00 2.20
ARA 3.75 3.82 3.03 3.23 3.83 3.89 14.40 16.00 1.60 11.80 13.20 1.40
Avg 3.83 4.00 2.86 3.13 3.89 4.11 19.40 20.60 1.20 17.40 19.60 2.20

https://doi.org/10.1371/journal.pone.0317567.t008

teacher-students relationship for post COVID-19 is higher than pre and during COVID-19
situation.

If we consider this in ARF rate, we can see the straightness of relationship for male dur-
ing COVID-19 decreased by 19.4% on average. After COVID-19, the relationship rebuilt and
it is 20.60%. The strength of the relationship increased from before to after COVID-19, with
a percentage of 1.2. For female, the relationship of before COVID-19 was fluctuated by 17.4
percent and after COVID-19, it is recovered by 19.6 percent which represents the increasing
strength of relationship with a percentage of 2.2%.

When we consider individual clusters in class Conducting (CC) for both male and female,
the strength of the relationship increases to 1.00 and 1.80, respectively. The increasing rate of
female is little more than male and it is .08%.

In TEA cluster, the percentage between male and female increased gradually but the
percentage of female increased significantly than male. The increasing percentage between
male and female is 2.4. In the IS cluster, however, the percentage increases for both male
and female is nearly equal. On the other hand, in the ARA cluster, however, the percentage
increased for both male and female, but the Closeness in Academic and Research Activity
increased more for male than female.

Dividing the respondents into three clusters, if we consider the achieving score and aver-
age rate of fluctuation from the above table, we can consider that the main cluster in a broad
sense, such as CC, TEA, IS, and ARA, it focuses on the achieving average score of males being
much lower than female both before, during, and after COVID-19. When the average rate of
fluctuation in Pre-COVID-19 and During COVID-19 was examined, it was noticed that the
fluctuation experienced by males was not the same as that experienced by females.

For example, in Class Conducting (CC), the fluctuation for males is 20.06%, and for
females, it is only 16.4%. Meanwhile, During COVID-19 to Post COVID-19 fluctuation sit-
uation for male, the it increases from 20.06 to 21.6% and represents 1.0% of increase. On the
other hand, situation for female represents that the fluctuation in Pre to during COVID-19
which was 16.4% increases to 18.2% in post COVID-19 situation and represents 1.8% of up
warding situation than during COVID-19. Overall, it represents the situation in fluctuation
of female is better than male. The relationship of female with teacher was better in before
COVID-19 and after COVID-19 the situation increase.
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Similarly, this Table 9 shows gender-specific achieving scores for the Medium Relationship
Fluctuation group, in which, due to COVID-19, students’ teacher-student relationships fluc-
tuated similarly to the Less Fluctuation group. The average values for males and females in the
four major clusters are 3.22 and 3.42, respectively. Throughout COVID-19, the average value
fluctuated between 2.20 and 2.41 for males and females. In terms of percentage, males recover
from relationships faster than females. The rebuilt male relationship increased by 2.40% where
it is. 60 points for female students. Considering the four main clusters, in CC, the fluctuation
rate for male students from before to during and after COVID-19 represents 16.8 and 20.2
percent, respectively, an increase of 3.40 percent from before to after COVID-19. The pre-
COVID-19 fluctuation for female students is 19%, but the post-COVID-19 situation is dras-
tically different than the pre-COVID-19 and it 17.8%. This demonstrates that compared to
male females in the Medium fluctuated group, the rebuilding relationship is far superior to
females.

However, TEA represents that male and female relationship are consistently better in pre-
COVID-19 times but fluctuate in post-COVID-19 times. In IS, the fluctuation of the rela-
tionship of the pre-COVID-19 condition for males is much better than the post-COVID-19
period, but the changes for females are always the same as the pre-post condition. However,
in ARA, there have been significant improvements in male relationships, with a constant 7%
improvement from pre to post. Notwithstanding, despite an improvement of.60%, it remains
unchanged for women.

The High Relationship Fluctuation group’s gender-specific achievement scores are shown
in this Table 10, where the average male and female scores for the four major clusters are
equal to those obtained during the COVID-19 with the pre-post scenario. The restored sce-
nario for males is conspicuously different from that for females, where the latter are down
1.6% from pre-COVID-19. The average fluctuation values for the teacher-student relation-
ship in each of these four major clusters are lower than they were during the pre-post control
period for both male and female students. In CC, the improvement in relationship fluctuation
rose for men by 0.80%, while the picture is different for women. That means, after COVID-19,
the teacher-student relationship for males improved except for ARA but for females, com-
pared to pre COVID-19 situation, their relationship didn’t improve like males. In the TEA
and IS clusters, the rebuilt relation for males increased slightly from the pre-during to the
post-COVID-19 period, but the recovery for females did not occur as quickly as for males.
In ARA, relationships are constantly improving compared to other clusters, while female
relationships remain unchanged.

The aforementioned Table 11 describes how relationships vary by gender based on dif-
ferent fluctuation situations, such as Less, Middle, and High. Here, this Table 11 shows the
distribution of STEM and Non-STEM in different groups of fluctuation. In STEM, 16.51%
of students experienced “Less Fluctuation,” making up 16.51% of all STEM students. Among
non-STEM students, 31.27% were in the “Less Fluctuation” group, representing 83.49% of all

Table 9. Gender wise achieving score for medium relation.
Major Groups Pre Covid During Covid Post Covid Male Female

M F M F M F P1-D D-P2 P1-P2 P1-D D-P2 D-P2
CC 3.42 3.56 2.58 2.61 3.59 3.50 16.80 20.20 3.40 19.00 17.80 1.20*
TEA 3.59 3.57 1.92 2.11 3.31 3.45 33.40 27.80 5.60* 29.20 26.80 2.40*
IS 2.88 3.31 2.17 2.51 3.14 3.35 14.20 19.40 5.20 16.00 16.80 0.80
ARA 2.97 3.22 2.10 2.40 3.32 3.25 17.40 24.40 7.00 16.40 17.00 0.60
Avg 3.22 3.42 2.20 2.41 3.34 3.39 20.40 22.80 2.40 20.20 19.60 0.60*

https://doi.org/10.1371/journal.pone.0317567.t009
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Table 10. Gender wise achieving score for high relation fluctuation group.
Major Groups Pre Covid During Covid Post Covid Male Female

M F M F M F P1-D D-P2 P1-P2 P1-D D-P2 D-P2
CC 3.27 3.03 2.04 2.11 3.31 2.89 24.60 25.40 0.80 18.40 15.60 2.80
TEA 3.05 2.74 1.47 1.57 3.10 2.69 31.60 32.60 1.00 23.40 22.40 1.00
IS 2.77 2.35 1.69 1.74 2.82 2.30 21.60 22.60 1.00 12.20 11.20 1.00
ARA 2.53 2.23 1.71 1.67 2.42 2.16 16.40 14.20 2.20* 11.20 9.80 1.40
Avg 2.91 2.59 1.73 1.77 2.91 2.51 23.60 23.60 0.00 16.40 14.80 1.60

https://doi.org/10.1371/journal.pone.0317567.t010

Table 11. Distribution of STEM and Non-STEM in different groups and their fluctuation.
Less Fluctuation Medium Fluctuation High Fluctuation

STEM 16.51(16.51) 47.71(36.11) 35.78(26.53
Non-STEM 31.27(83.49) 31.61(63.89) 37.11(73.47)

https://doi.org/10.1371/journal.pone.0317567.t011

non-STEM students. In the “Medium Fluctuation” group, 47.71% of STEM students belonged
to this category, accounting for 36.11% of all students. Non-STEM students made up 31.61%
of all students in this group, with 63.89% of all students classified under “Medium Fluctua-
tion”. In the“High Fluctuation” group, 35.78% of STEM students were included, contributing
to 26.53% of all students. Meanwhile, 37.11% of non-STEM students fell into this category,
representing 73.47% of all non-STEM students.

For reliability and validity test, we have used test-retest reliability using pearson correla-
tion. In the Fig 4, the heatmap represent the coefficient of the pearson correlation among the
variables. It indicates a positive and consistance values in most of the cases. Additionally, we
have divided our dataset into STEM and non-STEM and perform ‘Split-Half Reliability’ test.
We have found almost 0.90 values of ‘Spearman-Brown Coefficient’ that indicates excellent
reliability of our dataset.

Discussion
This study investigates the relationship between teacher-student and the impact of COVID-
19 on this relationship. After analyzing all the groups and the variables of each group, we got
mixed opinions from the participants. All the values of the variables go down during COVID-
19 time, which indicates the relationship effect of the event COVID-19. But, after the event,
everyone tried to rebuild the relationship to make it consistent compared to the pre-COVID-
19 situation. Some of the variables go in the stable position, and most of the variables cannot
recover till now. In some groups like CC and TEA, most variables fluctuate negatively, and
after the COVID-19 situation, it still has some gap compared to the pre-COVID-19 situation.
But IS and ARA groups show different findings. The COVID-19 effect these two groups posi-
tively. Also, the participants are divided into three major groups using unsupervised machine
learning algorithms KModes Clustering and NMF. Then gender and STEM-wise analyses
perform on the three individual clusters. The findings show in terms of female students, the
fluctuation is minimum than male students. Generally, the relationship between teachers and
female students is better than between male students. Female students are much more inter-
ested in conducting class and exam assessments. On the other hand, the male students build
their relationship with IS and APA groups variables. Both teachers and students are working
to fill the gap, yet there are still fluctuations. The study suggests some findings to minimize
those gaps and favorable actions from involved parties will be helpful in this regard.
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Conclusion and future work
The primary goal of this research is to examine the impact of COVID-19 on the teacher-
student relationship in higher education within a developing country like Bangladesh. We
formulated the key concepts, designed a questionnaire, and collected data from students
across various universities and academic disciplines. After initial preprocessing, the variables
were clustered into four major segments, and we analyzed the relationships across three time
periods: before, during, and after COVID-19. We propose a novel methodology, the Abso-
lute Rate of Fluctuations, to detect changes in relationships over specific time periods. This
method is effective in identifying fluctuations in relationships for specific factors across dif-
ferent timelines. Additionally, we employed two unsupervised machine learning algorithms
to cluster the data into distinct groups based on their internal characteristics. The analy-
sis reveals that COVID-19 significantly impacted teacher-student relationships. During the
pandemic, the relationship often deteriorated, with students becoming disconnected from
their teachers and experiencing mental stress. Post-pandemic, efforts were made to rebuild
these relationships, with many successfully restored or even strengthened compared to pre-
pandemic levels. However, some gaps persist, prompting the implementation of various poli-
cies aimed at fostering stronger relationships than before.

This study primarily focuses on academic variables influencing teacher-student relation-
ships. The proposed methodology also has the potential to facilitate empirical analysis of
other social relationships and their changes during disruptive events.
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